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Editorial
With Collaboration We Thrive: Three
Decades of Paediatric Oncology
Development in Hong Kong
This issue is to celebrate the 28 years of establishment of the Hong Kong
Paediatric Haematology & Oncology Study Group and also the commencement
of Paediatric Oncology Service at the new Hong Kong Children's Hospital. All
these are the results of selfless devotion and collaboration among the local
paediatricians, no matter they have special interest in the field of paediatric
haematology and oncology or not. It also involves the endless efforts and
contributions of at least 4 generations of colleagues before we can arrive at
what we stand today.
Since 1992, our seniors taking care of children with cancers from different
hospitals worked together and formed the Hong Kong Paediatric Haematology
& Oncology Study Group. The treatment protocols of common childhood
cancers were then unified and shared. All the newly diagnosed cases were
registered but that was a very laborious process. Subsequently, with the help of
Children's Cancer Foundation, full time data managers were employed to manage
the database and then we could prospectively capture the treatment outcome
and complications of all patients under our care. Since then, we have the first
and most comprehensive population based epidemiology data of Chinese
children with cancers. It is updated yearly in our Annual Scientific Workshop.
However, the specialty development encountered a bottleneck because of
the relatively low number of patients in each individual hospital. Again, with the
help of many seniors, Government and Children's Cancer Foundation, the plan
of establishing a long awaited Hong Kong Children's Hospital was finally
approved. And we witnessed her commencement of operation just over the last
few months. Now the patients can have better care under one location and
paediatric trainees can maximise their exposure and learning. Most of the other
paediatric subspecialties are gradually moving in and it will benefit all paediatric
subspecialties eventually.
At this unique point of time, it is a good opportunity for us to review what we
have done together. Our experience in managing both acute lymphoblastic
leukaemia (ALL) and acute myeloid leukaemia (AML) are summarised in this
issue. We have witnessed the drastic improvement in the management of
childhood leukaemia and most of the children with ALL can survive nowadays.
Even for AML, some of the subgroups can achieve very good cure rate. Looking
back, the major cause of improvement is not due to the introduction of new
therapeutic agents but rather intelligent use of existing agents via carefully
designed clinical trials. Most of these clinical trials were made possible only
through international collaboration and we have been actively participating in
this endeavor. Despite many skeptical comments initially, most of our patients'
parents agreed to enroll their children to our randomised controlled trials. The
philosophy behind is that the result generated can help us to improve our
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treatments and eventually achieve a much better strategy for children who suffer
from leukaemia.
Haematopoietic stem cell transplantation (HSCT), targeted therapy and various
forms of immunotherapy are all additional armamentarium that we acquired since
90's. For HSCT, we have already overcome the HLA barrier and can now utilise
the half HLA-matched parents as donors. Therefore, no patient will be deprived
of the choice of transplant due to lack of donor if his/her condition is really
indicated. The evolution of small molecules targeted therapeutic agent such as
imatinib and its derivatives also revolutionises our approach to chronic myeloid
leukaemia and Philadelphia chromosome positive ALL. The availability of antiCD20 monoclonal antibody, anti-CD3/anti-CD19 bispecific antibody, and even
anti-CD19 chimeric antigen receptor (CAR) T cells further improves the survival
of many previous incurable refractory or resistant leukaemic patients. The new
challenge is how to cope with the escalating cost of all these newer forms of
treatment.
With the improvement of survival, our other challenge is how to minimise the
therapy related side effects of our young cancer survivors. The therapy related
side effects can be either acute or chronic and it may affect different organ
systems. Some can be evolved many years later; therefore long term follow up is
essential. The endocrine, neurological, cardiac, renal and musculoskeletal are the
frequent organs affected and they should be regularly monitored. Interestingly,
obesity rather than failure to thrive is another common long term complication
noted among cancer survivors. However, one also has to emphasize that not all
the acute or chronic complications are really therapy related. For example, some
neurological deficit or endocrine organ damage can be caused by disease process
itself. For example, in brain tumours, the local invasion or increased intracranial
pressure can lead to transient or permanent neurological damage. Tumours
originated from the suprasellar region may lead to hypopituitarism and diabetes
insipidus. Early detection may minimise the extent of damage of these organs.
In paediatrics, we often combine the haematology and oncology together as a
subspecialty. On one hand, it is due to the rarity of these diseases. On the other
hand, the most common form of childhood cancer is leukaemia which can be
considered as a blood disease. Therefore, in this issue, we also share with our
readers our experience on diagnosing and managing some interesting blood
diseases. In fact, in the Children's Hospital, our service also covers most of the
rare or complicated blood diseases. In 2 specific haematological disorders, namely
haemophilia and thalassemia, they will receive routine care in their original regional
hospitals but will be seen in a comprehensive clinic at the Children's Hospital
around once or twice a year. Then patients from different regional hospitals can
have standardised treatment approach and care.
Here, may I wish the Hong Kong Paediatric Haematology & Oncology Study
Group and the Hong Kong Children's Hospital continue to grow and progress.
We hope that the Study group and the Children's Hospital will reach a new horizon
and in pars with other eminent study groups / children's hospitals in the world.
This is the expectation of most of the health care providers and patients' families
locally. If we keep our collaborative spirit, we have full confidence on our younger
generation in achieving this goal!

Prof. GCF Chan
Guest Editor
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Original Article
Treatment Outcome for Therapy-related Myeloid Neoplasm
in Children
FWT CHENG, GKS LAM, TTW CHOW, MMK SHING, V LEE, CK LI

Abstract

We report the clinical course and treatment outcome of 7 patients with therapy-related myeloid neoplasm
in the past 32 years. The primary conditions included both solid tumours and leukaemia. The time
interval between onset of primary disease and therapy-related neoplasm ranged from 1.2 years to 4.4
years. In contrary to the reported high treatment-related mortality and morbidity, with fludarabine-based
salvage chemotherapy, stringent supportive care and early allogeneic stem cell transplantation as
consolidative therapy, long term survival can be achieved in 5 out of 7 patients. Long-term follow-up is
warranted for survivors with oncology patients who received chemotherapy.
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Introduction
Therapy-related acute myeloid leukaemia (t-AML) /
myelodysplastic syndrome (t-MDS) are now considered
as a single disease entity, known as therapy-related myeloid
neoplasm.1 This disease entity has been reported to be
associated with prior treatment with alkylating agents or
epipodophyllotoxins with or without radiation for primary
cancers. 2 The prognosis of therapy-related myeloid
neoplasm remains grave. The 5-year overall survival is
about 34% which is significantly lower than de novo acute
myeloid leukaemia (AML) which is about 60%. 3 The
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chance of developing therapy-related myeloid neoplasm
is dose related. With higher cumulative dose of alkylating
agents in an Ewing Sarcoma study showed 16 fold
increased risk of therapy-related myeloid neoplasm.4,5 This
is also one of the most frequent second malignant
neoplasms in survivors of childhood cancers. For treatment
in general, AML-type of salvage chemotherapy followed
by allogeneic haematopoietic stem cell transplantation
(HSCT) as post-remission consolidation therapy is usually
recommended to achieve long term remission.6
In this report, we review our series of therapy-related
myeloid neoplasm in terms of the clinical characteristics,
treatment strategies and long-term outcome.

Method
A retrospective study of all therapy-related myeloid
neoplasm cases over the past 32 years in a tertiary referral
centre in Hong Kong was conducted.
The demographic data of primary diseases included the
regimen and dosage of chemotherapy they had received,
the dosage and site of radiotherapy (if received); the latency
period between primary disease and onset of therapyrelated myeloid neoplasm were reviewed.
For management of therapy-related myeloid neoplasm,
the regimen and dosage of re-induction chemotherapy,
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transplant conditioning, transplant-related morbidity and the
treatment outcome were analysed.

Results
Characteristics of Therapy-related Myeloid Neoplasm

From January 1985 to December 2017, a total of 212
new cases of AML and myelodysplastic syndrome (MDS)
were diagnosed. Seven cases (3.3%) were identified to be
therapy-related myeloid neoplasm. The primary diseases
i n c l u d e d 4 s o l i d t u m o u r s ( m e d u l l o b l as t o m a ,
osteosarcoma, malignant peripheral nerve sheath tumour)
and 3 haematological malignancies (2 acute lymphoblastic
leukaemia, 1 non-Hodgkin lymphoma). The median age of
diagnosis was 8.6 years old, ranged 5.5 to 16.7 years. The
time interval between the onset of primary disease and
diagnosis of therapy-related myeloid neoplasm ranged
from 1.2 to 4.4 years with median of 3.2 years.
Cytogenetics study revealed monosomy 7 or deletion
7 in 4 cases, 11q23 translocation in one case and t(3;5) in
another case.
Primary Treatment and Exposure History of Patients

Patient 1 was a 6.7-year-old boy with medulloblastoma.
He received gross total tumour resection, craniospinal
radiotherapy and systemic chemotherapy as curative therapy
for primary disease. However, 4.4 years after the diagnosis,
he suddenly developed pancytopenia and was diagnosed
with therapy-related myeloid neoplasm. The neoplastic
course was very refractory: he failed 2 courses of salvage
chemotherapy and was eventually brought into remission
by Gemtuzumab ozogamicin. He received unrelated cord
blood transplant but unfortunately died of veno-occlusive
disease of liver which was a treatment-related lethal
complication.
Patient 2 was a 6.8-year-old boy with acute
lymphoblastic leukaemia and was treated with systemic
chemotherapy (CCLG 2008 Intermediate Risk Protocol).
However, during his treatment period, he developed
thrombocytopenia with re-appearance of blasts in the
peripheral blood. He was diagnosed with therapy-related
myeloid neoplasm at 1.8 years from initial diagnosis. He
was treated with intensive chemotherapy and went into
remission before unrelated cord blood transplantation. The
disease was in control and now he is 4 years from
transplantation.
Patient 3 was a 12-year-old girl with osteosarcoma.
She received intensive chemotherapy (HKPHOSG

Therapy-related Acute Myeloid Leukaemia

Osteosarcoma Protocol) with limb-salvage surgery. The
disease was under control but she developed pancytopenia
4.1 years from initial diagnosis. She was confirmed to have
therapy-related myeloid neoplasm and the disease went into
remission after salvage chemotherapy and she underwent
unrelated stem cell transplantation. The disease has now
been under remission for 10 years but she also suffered
from serious chronic graft-versus-host disease (GVHD)
of her lungs.
Patient 4 was another patient with acute lymphoblastic
leukaemia patient. He was diagnosed when 13.2 years old.
He was treated with systemic chemotherapy (CCCG 2015
Intermediate Risk Protocol) and the disease was in control.
He developed pancytopenia during the treatment period and
bone marrow study diagnosed secondary acute myeloid
leukaemia 1.2 years from primary diagnosis. His disease
was in remission again after salvage chemotherapy and he
underwent human leukocyte antigen-matched sibling
haematopoietic stem cell transplantation. The disease was
in remission afterwards, but he developed relapse of
therapy-related myeloid neoplasm at 1 year post-transplant.
The disease was under control again with tapering off of
immunosuppressive agents, donor-leukocyte infusion and
commencement of venetoclax (BCL-2 inhibitor).
Patient 5 was a 2.4-year-old girl with malignant nerve
sheath tumour of right thigh, she received systemic
chemotherapy, curative surgery and local radiotherapy for
control of her disease. Unfortunately, therapy-related
myeloid neoplasm was diagnosed 2.2 years from diagnosis.
She underwent unrelated cord blood transplantation and now
has been disease free for 3 years.
Patient 6 was a 3.3-year-old patient with peripheral
T-cell lymphoma who received systemic chemotherapy
(IBFM 2002 High Risk Protocol) and the disease was under
control. However, therapy-related myeloid neoplasm was
diagnosed 2 years from initial diagnosis and she underwent
unrelated cord blood transplantation. This year is her tenth
year of disease-free survival.
Patient 7 was a 4.3-year-old patient with stage IV
neuroblastoma who received systemic chemotherapy
(Modified N7 Neuroblastoma Protocol), surgery,
radiotherapy to abdomen (primary site), MIBG (12 mCi /
kg) therapy with megadose chemotherapy and stem cell
rescue. However, the disease relapsed after he had received
these curative therapies. Moreover, he also developed this
secondary event at 3.9 years from diagnosis. In view of
the very poor pre-morbid condition and because the
prognosis was extremely grave. He received palliative care
and eventually died of this secondary fatal event.
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The details of the treatment histories of these patients
are summarised in Tables 1 and 2.

Discussion
Therapy-related myeloid neoplasm is one of the
common second malignancies after treatment for primary
cancers.7,8 In our previous study of all patients who had
received anti-cancer treatment, the cumulative incidence
of second cancer is 2.9% at 20 years, and therapy-related
myeloid neoplasm was the commonest type of second
malignancy.8 All our patients received alkylating agents and
epipodophyllotoxins during the treatment for the primary
cancers. Two patients had also received radiotherapy for
local control of solid tumours. The interval between
primary cancers to onset of therapy-related myeloid
neoplasm was 1.2-4.4 years, thus long term follow-up of
cancer survivors is necessary to detect such late
complications. Therapy-related myeloid neoplasm has
poorer prognosis when compared with de novo AML/MDS

Table 1

when treated with chemotherapy only. Imamura et al who
recently reported the outcome of 43 paediatric patients
with therapy-related acute lymphoblastic leukaemia and
therapy-related myeloid neoplasm demonstrated that
allogeneic HSCT was associated with superior 5-year
overall survival [78.8% (with HSCT) vs 12.1% (without
HSCT)], p<0.001].9 In our review, we also observe that
the majority of patients who could achieve remission or
had stable disease and underwent allogeneic HSCT in a
timely manner, could achieve long term remission. Early
HSCT will decrease the exposure of prolonged intensive
chemotherapy before transplant and may reduce the
transplant-related toxicity. We adopt early HSCT approach
with unrelated cord blood transplant and utilise double unit
cord blood if single unit cord blood has suboptimal cell
dose. Patients can undergo HSCT at 2.5 to 3 months from
diagnosis of therapy-related myeloid neoplasm.
However, special attention needs to be made on these
patients, as they were previously treated with intensive
chemotherapy, we need to be cautious about treatment
related toxicity of salvage chemotherapy and conditioning

Baseline demographics and primary disease treatment data

Patients Primary
Diagnosis

Exposure to
Alkylating
Agents
(Cumulative
Dose)

Exposure to
Anti-tumour
Antibiotics
(Cumulative
Dose)

Exposure to
Exposure Age at Diagnosis
Topoisomerase to Radiation
of TherapyInhibitors
(Site / Dose)
related
(Cumulative
Neoplasm
Dose)
(Years)

Time from
Primary
Diagnosis
(Years)

1

Medulloblastoma

Lomustine (600 mg/m2)
Cisplatin (600 mg/m2)

−

−

Craniospinal
(55.8 Gy)

11.1

4.4

2

Acute
Lymphoblastic
Leukaemia

Cyclophosphamide
(4 grams/m2)

Adriamycin
(250 mg/m2)

−

−

8.6

1.8

3

Osteosarcoma

Ifosfamide
(37.5 grams/m2)

Adriamycin
(420 mg/m2)

Etoposide
(1500 mg/m2)

−

16.7

4.1

4

Acute Lymphoblastic
Leukaemia

Cyclophosphamide
(4 grams/m2)

Adriamycin
(250 mg/m2)

−

−

14.4

1.2

5

Malignant Peripheral
Nerve Sheath Tumour

Ifosfamide
(54 grams/m2)

Adriamycin
(375 mg/m2)

−

Right thigh
(55.8 Gy)

5.6

3.2

6

Peripheral
T-cell Lymphoma
(NHL)

Ifosfamide
(4 grams/m2)
Cyclophosphamide
(4.5 grams/m2)

Adriamycin
(390 mg/m2)

Etoposide
(500 mg/m2)

−

5.5

2.2

7

Stage IV
Neuroblastoma

Cyclophosphamide
(420 mg/kg),
Cisplatin (400 mg/m2)

Adriamycin
(225 mg/m2)

Etoposide
(1200 mg/m2)

Abdomen
(21 Gy)

8.2

3.9

NHL=Non-hodgkin Lymphoma

Therapy-related Acute Myeloid Leukaemia
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Table 2

Treatment data and outcome

Patient Cytogenetics Chemotherapy

1

45XY,
Failed 2 courses
t(3;3)
of AML96, then
(q21,126.3), given Mylotarg
-7
for 2 doses

2

t(9;11)
(p22,q23)

3

46 XX,
del(7)(q31)

4

79XXYY,
del
(4,7,9,16)

5

NOPHO-AML
(2 inductions and
1 consolidtion)

Disease Status
Time
Treatment
PreInterval from
transplant
Diagnosis
to Transplant

Conditioning

Treatmentrelated
Complications

Outcome

In remission

3.5 months Unrelated
Double unit
Cord blood
transplant

Fludarabine
(150 mg/m2) /
Melphalan
(140 mg/m2) /
ATG

Liver
VOD

Died at 2 months
post-HSCT
due to VOD
of liver

In remission

3.8 months Unrelated
Double unit
Cord blood
transplant

Cyclophosphamide
(120 mg/kg) /
Busulfan /
Melphalan
(140 mg/m2) /
ATG

AGVHD
II (skin,
gut) / Skin
CGVHD

Cytogenetic
remission and
CR at 4 years
post-HSCT
Lansky
Score: 80

3.2 months Unrelated
PBSC
transplant

Cyclophosphamide
(120 mg/kg) /
Busulfan /
Melphalan
(140 mg/m2) /
ATG

AGVHD
III (gut) /
Severe
Lung
CGVHD

Cytogenetic
remission and CR
at 10 years
post-HSCT
Karnofsky
Score: 30

Cyclophosphamide
(120 mg/kg)
Busulfan /
Melphalan
(140 mg/m2)

AGVHD
II (skin,
gut)

Cytogenetic
remission and now
post-transplant
1 year with relapse,
salvage with
tapering
immunosuppressive
agents, donor
leukocyte
infusion and
venetoclax (BCL-2
inhibitor), now in
remission again

AGVHD
Grade II
(gut)

Cytogenetic
remission and CR
at 3 years posttransplant Lansky
Score: 80

FLAG for
In remission
1 course
(Fludarabine,
Cytarabine),
complicated with
severe neuropathies,
required ICU care and
mechanical ventilation
FLAG for
2 courses
(Fludarabine,
Cytarabine)

In remission

2.9 months

46XX, t(3;5)
No
(q25;q34)[14]/ chemotherapy
46, idemi(17)
(q10)[6]

Refractory
anaemia
with excess
blast (19%)

2.5 months Unrelated
Double unit
Cord blood
transplant

Cyclophosphamide
(120 mg/kg) /
Busulfan /
Melphalan
(140 mg/m2) / ATG

2.6 months Unrelated
Double unit
Cord blood
transplant

Cyclophosphamide
AGVHD
(120 mg/kg) /
Grade II/
Busulfan
Limited skin
(16 mg/kg) /
CGVHD
Melphalan
(140 mg/m2) / ATG

6

46XX,
del (7)(q22)

7

NA

Cytarabine
Refractory
(80 mg/m2 for cytopenia with
5 days ),
unilineage
6-mercaptopurine
dysplasia
(70 mg/m2 for
5 days), in every
21 days for
total 2 courses
6-mercaptopurine/
methotrexate

Palliative
therapy

−

HLAidentical
sibling
transplant

−

−

−

Cytogenetic
remission and CR
at 10 years
post-transplant
Lansky
Score: 100

Died of active
disease

AML=acute myeloid leukaemia; ATG=antithymocyte globulin; VOD=veno-occlusive disease of liver; AGVHD=acute graft-versus-host disease; HSCT=haematopoietic
stem cell transplantation; CGVHD=chronic graft-versus-host disease; CR=complete remission; HLA=human leukocyte antigen; PBSC=peripheral blood stem cell;
FLAG=fludarabine cytarabine; ICU=intensive care unit; NA=not available
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regimen. Gassas et al reported that fludarabine cytarabine
with or without idarubicin was the most common salvage
protocol, and it achieved complete morphological
remission in 28 out of 36 patients before HSCT. However,
the post-transplant treatment-related mortality was about
60%. Transplant-related mortality was the leading cause.10,11
In our series, with the policy of stringent infection control
practice and close monitoring of organ dysfunction with
timely intervention with defibrotide for early venoocclusive disease of liver (VOD), only one patient (Patient
1) died at early post-transplant period because of this
complication. Craniospinal irradiation and Gemtuzumab
ozogamicin before transplant are risk factors for VOD.
However, the major complication in our series was GVHD.
Sixty-six percent had grade II-III acute GVHD and 3 out of
5 (60%) patients who survived had chronic skin or lung
GVHD. Two patients had only limited chronic GVHD and
there was no significant impact on patients' daily function.
However, patient 3 suffered from very serious chronic lung
GVHD which significantly affected her daily function.
Karyotype is an independent prognostic parameter in
therapy-related myeloid neoplasm. When compared with
de novo AML, 26.9% of therapy-related myeloid neoplasm
vs 11.3% of de novo AML patients expressed complex
aberrant karyotypes. For 11q23, 12.9% of therapy-related
myeloid neoplasm vs 3.7% of de novo AML patients
demonstrated this cytogenetic abnormality.12 In our series,
one third expressed monosomy 7 and one case showed
complex aberrant karyotype. One had monosomy 7 and two
had deletion 7 abnormalities, one patient had 11q23
abnormality while another one with complex karyotyping
abnormalities. These adverse karyotypes were proven to
be independently related to overall survival (p=0.001).
Within patients with therapy-related myeloid neoplasm,
there were significant correlations with overall
survival.12

Conclusion
Although therapy-related myeloid neoplasm is
uncommon, it can happen in long-term survivors of
childhood cancers, long-term follow up of cancer survivors
is therefore warranted. With fludarabine-based salvage
chemotherapy, stringent supportive care and early
allogeneic stem cell transplantation as consolidative
therapy, long term survival can be achieved in a high
proportion of patients.
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Overview of Treatment of Childhood Acute Lymphoblastic
Leukaemia in Hong Kong
FWT CHENG, GKS LAM, DKL CHEUK, CW LUK, CH LI, SC LING, AKS CHIANG, MHL NG, CK LI;
ON BEHALF OF THE HONG KONG PAEDIATRIC HAEMATOLOGY AND ONCOLOGY STUDY GROUP

Abstract

In this report, we review the landmark and achievement in treatment of acute lymphoblastic leukaemia
(ALL) in Hong Kong over the past 35 years. With the joint efforts from different professionals, lining up
with parties in various specialties not only in Hong Kong, but also in mainland and worldwide, we are
achieving our goals in enhancing the event-free survival of Hong Kong children with ALL. Through
collaboration with major childhood cancer networks in joining international trials 17 years ago and in
the last 10 years, we started collaboration with working group in China and conducting national multicenter studies. We worked through different treatment protocols with advancement in treatment outcome.
The 5-year event-free survival of children with ALL in Hong Kong has improved from 65% to now 87%.
The next step will be the advance in cancer genetics. This serves a dual purpose of better categorising of
ALL subtypes with different prognostic significance and also identifying potential druggable targets for
ALL with known adverse outcome. With the translocation of territory-wide paediatric oncology service
to Hong Kong Children's Hospital, it opens a new page and a unified platform for basic and clinical
research in children with cancers. This will bring further achievement in care of children who suffer
from cancers in Hong Kong.
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Introduction

HKALL-93

In Hong Kong, around 180 new cases of childhood
m a l i g n an c i e s a r e d ia g n o s e d e v e r y y e a r. A c u t e
lymphoblastic leukaemia (ALL), the most common
childhood malignancy, accounts for about 40 cases each
year. The annual incidence is 38.6 cases per 1,000,000
children.1
The peak age of onset of childhood ALL is 3-5 years
old. In Hong Kong, infants younger than 12 months with
ALL are treated under a separate protocol by the same
centres. Patients with ALL who are older than 18 years are
treated by the specialists in medical haematology and
clinical oncology units.
The treatment of childhood ALL is chemotherapy-based
therapy. The first 7-8 weeks of treatment is known as
induction. It serves the purpose to decrease leukaemia
burden and brings the active disease to remission in which
steroid, vincristine, doxorubicin and L-asparaginase are the
key agents. The next phase of treatment is known as
consolidation treatment, including high dose methotrexate
and 6-mercaptopurine. Re-induction phase is another very
important treatment block in which the agents similar to
induction phase are repeated. This has been shown to
remarkably reduce relapses. After 8 months of the above
intensive chemotherapy, the patient will then proceed to
milder but prolonged maintenance therapy. The whole
treatment duration is 2.5 years started from initiation of
therapy.
With the advancement of central nervous system (CNS)
disease control by intrathecal chemotherapy, prophylactic
cranial radiotherapy, which is associated with significant
long-term cognitive impairment and life-long risk of
second malignancy, can now be eliminated.
Patients are being stratified into different risk groups
according to the chance of relapse, thus patients can be
treated with the most appropriate intensity of treatment.
Development of Minimal Residual Disease (MRD)
monitoring, mostly by flow cytometry and supplemented
by PCR methods, makes this precision medicine possible.
With the advancement in treatment protocol and also
supportive care for childhood ALL, the 5-year EFS of
standard risk childhood ALL is now approaching 90%.
This review overviews the progress in treatment of ALL
in the past 35 years. With the joint efforts from different
professionals, lining up with parties in various specialties
not only in Hong Kong, but also in mainland and
worldwide, we are achieving our goals in enhancing the
EFS of Hong Kong children with ALL.

With the establishment of Hong Kong Paediatric
Haematology and Oncology Study Group (HKPHOSG) in
1993 with joint efforts from 5 hospitals covering the whole
paediatric oncology service in Hong Kong, HKPHOSG
conducted the first population-based territory-wide
Chinese children HKALL-93 study from 1993-1977. All
newly diagnosed ALL patients from 1 to 16 years old in
Hong Kong received the uniform treatment protocol which
was modified from United Kingdom MRC UKALL XI.2
One hundred forty-five eligible children were recruited.
This was once the largest report of Chinese children ALL
series on one study protocol with complete follow-up. The
risk stratification (Standard Risk (SR); Intermediate Risk
(IR); High Risk (HR)) was based on patient's age; initial
white blood cell (WBC) count, lineage of blasts, status of
Philadelphia chromosome (Ph') and status of CNS disease.
Prophylactic cranial radiotherapy was given to all HR
patients which accounted for 26.2% of the cohort. The
overall survival (OS) and 5-year EFS for the whole group
was 81.3% and 62.6% respectively. When the analysis of
outcome according to risk groups, the 5-year OS was 96%;
73%; 68% for SR, IR and HR respectively. However, the
5-year EFS was 79%, 49% and 61% for SR, IR and HR
respectively (Figure 1). The 5-year EFS, especially IR,
was inferior to reports in similar period as most studies
reported EFS over 70%. The inferior outcome was
mainly attributed to relapse, majority were bone marrow
relapses and isolated CNS relapses. From later analysis,
the reason of high relapse rate in IR group was due to
low treatment intensity (without delayed intensification)
in this protocol. 3

HKALL-97
Although HKALL-93 showed that the treatment
outcome was similar to western reports based on similar
UK treatment protocol, but the result was suboptimal as
compared with other contemporary treatment protocols
namely German and North American protocols. This led to
HKPHOSG to commence another new clinical study in
1997 (HKALL-97) that adopted the German BerlinFrankfurt-Munster 95 (BFM 95) approach. The main
differences between this German protocol versus UK
protocol was (i) in-vivo response to 7-day of steroid as
one of the major stratification criteria (good steroid
responder versus poor steroid responder); (ii) high WBC
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Figure 1

Event-free survival of HKALL-93 protocol.

Figure 2

Comparison of event-free survival of HKALL-97 versus HKALL-93 protocol.
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no longer a risk stratification feature between IR and HR,
therefore lesser number of patients classified as high risk
to receive prophylactic cranial radiotherapy with welldocumented life-long risk of second malignancies and
cognitive impairment; (iii) addition of a delayed
intensification block with regimen similar to induction
started from 22-29 weeks after diagnosis.
From November 1997 to December 2002, one hundred
seventy-one children aged 1 to 17.9 years with diagnosis
of ALL were recruited in this study. Although the OS was
similar between the 81.8% for HKALL-93 and 86.5% in
HKALL-97 protocol (P=0.51), there was significant
advance in EFS for HKALL-97 protocol (65% for HKALL93 vs 79% for HKALL-97, P=0.007) (Figure 2). For the
IR and HR group, there was a statistical significant
trend of better EFS in HKALL-97 versus HKALL-93
(IR: 75.6% versus 53.1%, P=0.06; HR: 59% versus 49%,
P=0.14).4 There was also limitation of prophylactic cranial
irradiation to 17.7% of patients.

ALL-IC-BFM 2002
The major limitation of past two Hong Kong territorywide population-based studies was small subject number
as our population was only about 7 millions. The only way
to move forward was to collaborate with international study
groups and participated in large multi-centre study. From
2002-2007, the International Berlin-Frankfurt-Munster
(I-BFM) Study Group conducted a prospective randomised
clinical trial in ALL (ALL InterContinental-BFM 2002).
This was the first time that our group participated in a multinational study which involved 5060 patients from 130
centres in Europe, Asia (Hong Kong) and South America.
Hong Kong contributed 155 subjects in this study. This
was a platform of wide international collaboration in
paediatric oncology. In this study, although the risk
stratification was similarly based on a combination of
clinical and laboratory stratification approaches, a new
morphological assessment on day 15 was included as early
response criteria. There were also research questions on
randomisation of different intensity of delayed
intensification phases on the event-free survival and
treatment-related toxicity.
At that time, the clinical significance and importance of
measurement of minimal residual disease (MRD) in
predicting relapse was just established. This technique was
incorporated in the risk stratification in several treatment
protocols in world major cancer study groups. 5 MRD
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testing by Polymerase Chain Reaction (PCR) was
incorporated into risk group stratification of AIEOP-BFM
ALL 2000 trial. However, this technique and logistics in
performing MRD was highly technology dependent, time
consuming, logistically demanding and relatively
expensive. In order to ensure reliability and credibility of
results, it required regular inter-laboratory quality
assurance. Therefore, at that time, MRD by PCR was still
not widely applicable to many laboratories around the
world.6
With the chance of joining IC-BFM group and
participation in the ALL-IC-BFM 2002 study, Hong Kong
could establish the technique and logistic of routine MRD
testing. Acquiring the technology of MRD analysis was very
important for Hong Kong as it paved our way for next phase
of MRD-directed therapy in future study. With the generous
support from Children's Cancer Foundation, our
group started the research on establishing MRD
analysis for childhood ALL in Hong Kong. In this ICBFM ALL 2002 study, with correlation of clinical,
morphological and haematological stratifications
with MRD clearance and response to therapy, we
learnt that MRD reduction at first 3 months of therapy
correlated with the risk group stratifications. However,
there was a great overlap between intermediate (IR) and
low risk (LR) group in which by ALL IC risk stratification
criteria, a significant number of IR patients could assign
therapy reduction based on MRD results. At 5 years, the
OS and EFS of ALL-IC-BFM 2002 protocol for the
whole group was 82% and 74% respectively. 7 With our
longer-term follow-up of the Hong Kong cohort, the
7-year OS and EFS was 86.9% and 78% respectively,
i.e. better than the whole group result.

Technology of MRD Monitoring
For the technique in performing MRD, apart from by
PCR analysis of immunoglobulin / T-cell receptor (Ig /
TCR) gene rearrangement, the other technique is by flow
cytometry. The advantage of flow cytometry is faster, more
cost-effective and more widely applicable to most centres'
setting by using standardised reagents and gating strategies.
Moreover, apart from using bone marrow as specimen, our
group also found that peripheral blood could be an
alternative MRD monitoring method in some types of ALL.
According to multivariate analysis, MRD assessment by
PCR and flow cytometry could independently predict
patients' prognosis and risk of relapse.8
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CCLG 2008
With the improvement in socio-economic condition and
establishment of national insurance system, more and more
children in mainland can receive appropriate treatment of
ALL in mainland.9 The HKPHOSG would like to contribute
to the development of cancer service for children in China,
and applied the experience we gained from international
studies for the first large scale national study for childhood
ALL.
From 2008, this was the first time Hong Kong joined
the Chinese Children Leukaemia Group (CCLG-ALL)
2008 study which was a prospective clinical trial designed
to improve treatment outcome of childhood ALL through
the first national-wide collaborative study in China. Total
2231 patients were recruited from 10 tertiary hospitals in
8 cities. Since most of the participating centres were not
equipped with the skill and expertise of performing MRD,
thus a pilot study of MRD-directed protocol was limited
to Hong Kong and Beijing Children's Hospital. At 5 years,
the OS and EFS of the whole group was 85.3% and
79.9% respectively. The OS and EFS of SR patients was
91.5% and 87.9% respectively. The cumulative
incidence of relapse of all patients was 15% at 5 years.
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The incidence of relapse in SR was 9.7%. These data
were comparable with major studies worldwide. This
signified large scale multicentre national trial in China
was feasible (Figure 3).9 When MRD-directed arm was
compared with non-MRD-directed arm, it also showed
significant improvement of EFS, 82.4% vs 78.3%. With
the extended protocol in Hong Kong before the new
study opened, we recruited 221 patients in total. The
5-year OS and EFS was excellent, at 93% and 87%
respectively.

CCCG 2015
Hong Kong participated in the second multi-centre
national study since 2015. The study protocol was modified
from St Jude Children's Research Hospital Total XV for
children with newly diagnosed ALL. Up till now, more than
5000 patients were recruited, and the preliminary outcome
data was comparable with major series worldwide. The
study is still ongoing and we hope with the advancement in
MRD-directed therapeutic approach, this would positively
reflect in the survival data.10
Finally, we summarised the 5-year OS of HKALL-93,

Figure 3 Overall survival, event-free survival and cumulative incidence of relapse of all patients in CCLG 2008
protocol (Data from whole cohort).
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HKALL-97, ALL-IC-BFM 2002 and CCLG 2008 were as
follow: 78.9%; 85.9%; 88.0% and 93.1% respectively
(Figure 4). The 5-year EFS were 60.3%; 78.3%; 79.7%
and 87.1% respectively (Figure 5). The data showed
improvement in quality of management of childhood ALL
in Hong Kong.
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modifications can be guided by NUDT15 / TPMT
genotyping results. 15 Pharmacogenetic study in dose
modifications may be applicable to avoiding vincristine
associated neuropathy, anthracycline-related cardiotoxicity
or L-Asparaginase induced pancreatitis. Further studies are
needed to confirm the value of pharmacogenetics in these
aspects.

Continuation of International Collaboration
Long-term Survivorship of ALL
After we participated in the mainland ALL studies since
2008, we did not stop our international collaboration. We
continued to participate in some large international studies
of rare ALL subtypes. The Interfant 1999 and 2006 studies
were the largest international studies in the world on the
ALL of infants, i.e. <1 year. This group of patients carries
the poor prognostic genotypes, MLL gene rearrangement,
and has inferior survival outcomes even with intensive
chemotherapy. Randomised studies on different
chemotherapy arms were conducted to test the appropriate
treatment approach.11,12 Another uncommon subtype of ALL
with poor outcome is Philadelphia chromosome positive
ALL. Two large international studies were conducted in
the past 10 years and Hong Kong group also participated
in these studies.13,14 We continue to participate in the most
recent EsPhALL 2017 Study.

Pharmacogenetics in Chinese Patients
Asian population is observed to have lower tolerance to
s o m e c h e m o t h e r ap e u t i c a g e n t s , i n p a r t i c u l a r
mercaptopurine. Genetic variants between Caucasians and
Chinese populations play a role in modifying the dosage
of chemotherapy. Namely thiopurine S-methyltransferase
(TPMT) diverts 6-mercaptopurine, which is a key
chemotherapeutic agent in treating ALL, into inactive
metabolites. Thus, TPMT deficiency plays an important
role in pathogenesis of thiopurine-induced leukopenia.
However, in Chinese population, TPMT variants in Asian
population is not common (2.3% in Asian vs 6-11% in
Caucasian population). In contrary, the more common
genetic variant is Nudix Hydrolase 15 (NUDT15). It has a
much stronger association with thioguanine-induced
leukopenia in Chinese population. A gene-dose effect was
also seen. With the clinical relevance of NUDT15 testing
in local Chinese patients, we advocated prospective
NUDT15 testing together with TPMT genotyping routinely
for all ALL patients. Dose recommendations and

With the improvement in event-free survivals of
childhood ALL, the number of long-term survivors is
increasing. This is a large area of research potential
warrants further development in Hong Kong.
Although the survival of children with cancers
significantly improves in the past decades, mortality of
long-term survivors remains higher when compare with
age-matched general populations. The long term adverse
outcome of the patient cohort is prospectively being kept
track and monitored. Different aspects of long term adverse
effects are also studied in various long term follow up
studies.
I n A L L , an t h r ac y c l i n e i s o n e o f t h e m aj o r
chemotherapeutic agents to treat ALL, assessing the longterm non-cancer morbidity and mortality, in which
subclinical cardiovascular dysfunction may be one of the
areas. This may be an early manifestation of cardiac damage
in long term survivors.
Li et al assessed 97 leukaemia survivors in term of
diastolic wall strain and myocardial stiffness, they found
that adult survivors of childhood leukaemia, despite the
preservation of left ventricular ejection fraction, there was
an increased in left ventricular wall stiffness and was
associated with myocardial fibrosis and impaired left
diastolic function.16 With the increase in number of cancer
survivors, subtle or subclinical major organ dysfunctions
is one of the major areas that warrants further studies.

Future Direction
Although the event-free survival rate of standard risk /
low risk ALL is approaching 90%, there are still around
10%-15% of children suffer from relapse of ALL. For
early relapse of ALL or ALL run in a refractory course, the
prognosis was very poor even with haematopoietic stem
cell transplantation.17 Although a number of therapeutic
approaches are emerging to tackle these difficult
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Figure 4 Overall survival of HKALL-93, HKALL-97, ALL-IC-BFM 2002 and CCLG 2008 protocol
(Data include only Hong Kong patients).

Figure 5 Event-free survival of HKALL-93, HKALL-97, ALL-IC-BFM 2002 and CCLG 2008 protocol
(Data include only Hong Kong patients).
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conditions, the chance of survival remains grave. We have
to work on this direction and tackle this difficult condition
with international / regional collaborations, participating
in national-wide or multi-centres study so as to maximise
the chance of survival of children with refractory or
relapsed ALL. Immunotherapy as bridging salvage therapy
for refractory leukaemia has been approved by drug
regulatory authorities, blinatumomab and inotuzumab
ozogamicin as target therapy. In recent years, chimeric
antigen receptor-T (CART) cell therapy is the most
promising treatment for the relapsed/refractory ALL.
However, the FDA approved product is at an extreme high
cost, USD 0.47 million, which is not affordable to most
patients. Future research for other methods of CART
therapy is actively investigated in other centres.
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Conclusions
This article reviews the progress and achievement in
management of childhood ALL in Hong Kong over the past
35 years. With the kick start of Hong Kong Children's
Hospital, a dream of several generations of paediatricians,
this serves an optimal platform for incorporating research
in clinical practice, collaborations with different oncology
groups, participating or leading national / regional-wide
clinical or basic science researches. The ultimate aim is
to benefit the children who suffer from cancers in Hong
Kong and nearby regions.
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Original Article
Long-term Therapy Related Side Effect on Endocrine System
Among Paediatric Survivors with Brain Tumour and
Acute Lymphoblastic Leukaemia
SSW CHAN, JYL TUNG, DKL CHEUK, WHS WONG, GCF CHAN

Abstract

Purpose: Treatments for childhood acute lymphoblastic leukaemia (ALL) and brain tumours could cause
endocrine sequelae after completion of treatment. Yet, the local incidence and pattern are not known.
This study aims to evaluate the frequency and nature of endocrine complications among Hong Kong
Chinese childhood brain tumours and ALL survivors. Methods: It is a retrospective cross-sectional
review on paediatric ALL and brain tumour patients treated in a tertiary hospital from January 2000 to
August 2015. Children survived for more than 2 years were included. Findings: Overall 233 patients
were included in the study (ALL=138; brain tumours=95). The mean duration of follow-up was 10.3
years. Seventy-eight patients (33.5%) had at least one endocrine complication, and 57 (25.4%) had more
than one endocrine complication. Hypothyroidism (n=45) was the commonest complication, followed
by hypogonadism (n=40). Cranial radiotherapy was a major risk factor of endocrinopathy. Conclusions:
Radiotherapy appeared to be the most significant risk factor. Updated regular surveillance program,
together with proper patients' educations are mandatory.

Key words

ALL; Brain tumours; Childhood cancers; Endocrine complications

Introduction
With improved effectiveness of childhood cancer
treatments, the survival rate continues to increase
worldwide. Both UK1 and USA2 registry have recorded over
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80% of five-year survival rate. However, long-term
survivors might develop at least one medical complication
after specific therapeutic exposures.3
Endocrine complications are frequently reported in
childhood cancer survivors.4 These include problems of
growth, puberty and impairment of gonadal, thyroid and
adrenal function.5
Similar to other ethnic groups, acute lymphoblastic
leukaemia (ALL) and brain tumours are the two most
common forms of childhood malignancies in Hong Kong,
with five-year survival rate comparable to other developed
countries (Hong Kong Paediatric Haematology Oncology
Study Group Annual Workshop 2017). However, the
impacts of cancer and cancer treatments on endocrine
dysfunction among Hong Kong Chinese children with
these two conditions had not been comprehensively
reviewed previously. With this knowledge gap, this study
aims to evaluate the frequency and nature of endocrine
complications among Hong Kong Chinese childhood brain
tumour and ALL survivors.
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Patients and Methods

Results

Study Design

Three hundred and fifty-nine patients were identified
in this retrospective review: 233 patients were included
for analysis while 126 patients were excluded. The main
reasons of exclusion were 1) still undergoing active
treatment at the time of assessment (n=42); 2) incomplete
treatment (n=1); 3) passed away during treatment (n=42);
4) incomplete follow-up (n=23); and 5) non-Chinese
patients (n=19). The mean duration of follow-up was 10.3
years.

This is a retrospective cross-sectional cohort study.
Clinical information was obtained by retrospective review
of patients' medical records.
Subjects

Medical records of all patients who were less than 18
years of age Chinese paediatric patients with ALL,
medulloblastoma, intracranial germ cell tumour (GCT),
ependymoma or craniopharyngiomas, who received
treatment and follow-up in the Department of Paediatrics
and Adolescent Medicine, Queen Mary Hospital and the
University of Hong Kong, between January 2000 and
August 2015 were reviewed. Patients who completed all
treatments for at least two years on or before 31 August
2015 were included for this study.
Subjects were excluded if they: 1) received incomplete
treatment, 2) passed away during treatment or within two
years of completion of treatment, 3) lost to follow-up, or
4) are non-Chinese patients.

Methods
Basic demographics, cancer diagnosis, disease-related
and treatment-related information and duration of followup for all eligible patients were assessed. Treatment details
on surgery, chemotherapy, haematopoietic stem cell
transplant and radiotherapy (including total dose, fractions
and radiation fields), details and time of onset of any
endocrine complications were also recorded.
Data were analysed using SPSS Statistics version 24.0
(IBM Corp., Armonk, NY, USA). Cox regression or
Fisher's exact test (2x2 table) were used to analyse the
differences between groups for discrete variables. A
p-value of ≤0.05 was considered statistically significant.
Hazard ratios (HR) were calculated and reported with 95%
confidence intervals (CI) for the prediction of different
endocrine disorders. Patients with incomplete medical
records were excluded from calculation.

Ethics Approval
The study was approved by the Institutional Review
Board of the University of Hong Kong/ Hospital Authority
Hong Kong West Cluster (HKU/HA HKW IRB).

Subjects' Demographic and Clinical Characteristics

Among the 233 patients, 156 (67%) were male and 77
(33%) were female. One hundred and thirty-eight (59.2%)
were ALL survivors while ninety-five (40.8%) were
brain tumour survivors [(medulloblastoma: n=33 (14.2%),
GCT: n=46 (19.7%), ependymoma: n=6 (2.6%),
craniopharyngioma: n=10 (4.3%)]. Among the 46 GCT
c as e s , 3 2 w e r e g e r m i n o m a an d 1 4 w e r e n o n germinomatous germ cell tumour (NGGCT).
The mean age at diagnosis for ALL was 6.5±4.8 years
(range: 2-17 years) while the mean age for patients with
medulloblastoma, craniopharyngioma and GCT were
7.5±4.5 years (range: 1-17 years), 9.8±3.9 years old (range:
3-17 years) and 10.9±3.6 years (range: 0.17-17 years)
respectively. Ependymoma patients were the youngest,
with a mean age of 5.8±3.8 years (range: 3-14 years).
The majority of brain tumour patients received
combined treatment modalities including chemotherapy
and radiation therapy. Six ALL patients with central nervous
system involvement received cranial radiotherapy at
relapse. The information was summarised in Table 1.

Endocrine Complications
A total of 78 patients (33.5%) were found to have at
least one endocrine complication, and 57 (25.4%) had
more than one endocrine complication. Endocrine
complication was observed to be more common among
the brain tumour patients (n=60, 63.2%) than ALL patients
(n=18; 13%).
Among all the brain tumours patients,
craniopharyngioma patients (n=10, 100% of all
craniopharyngioma patients) had the highest incidence
and earliest onset of endocrine complication, while
ependymoma patients (n=1, 16.7% of all ependymoma
cases) had the least endocrine dysfunction in this study.
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Table 1

Demographics and treatment characteristics of ALL and brain tumour patients

Disease

ALL

No.
of

Sex
ratio

Mean age at
diagnosis

Median
follow-up

Mean age
of analysis

patients

(F:M)

(Years old)

(Years)

(Years old)

138

47:91

6.5±4.8

11.1

24.5

Treatment
modality

Frequency and
percentage of
endocrinioathies

Chemotherapy only: n=91
Chemotherapy + BMT +
TBI: n=8

Hypogonadism:
n=13 (9.4%)
GHD: n=2 (1.5%)

Chemotherapy + BMT +
TBI + Testicular RT: n=1
Chemotherapy + Cranial RT: n=26

Hypothyroidism:
n=3 (2.2%)
Hypoadrenalism:

Chemotherapy + Testicular RT: n=5
Chemotherapy + BMT: n=7

n=1 (0.7%)
Precocious puberty:
n=1 (0.7%)

Surgery + Chemotherapy +

Hypogonadism:

Craniospinal RT: n=21
Surgery + Chemotherapy +
Craniospinal RT +

n=10 (30.3%)
GHD: n=14 (42.4%)
Hypothyroidism:

autologous BMT: n=4
Chemotherapy + Craniospinal RT +
Autologous BMT: n=3

n=14 (42.4%)
Precocious puberty:
n=1 (3%)

T2DM: n=3 (2.2%)
Medulloblastoma

33

13:20

7.5±4.5

10.2

24.3

Chemotherapy + Craniospinal RT: n=3
Surgery + Chemotherapy: n=2
GCT

46

10:36

10.9±3.6

8

23.1

Chemotherapy only: n=8
Chemotherapy + Cranial RT: n=37

Hypogonadism:
n=12 (26.1%)

Chemotherapy + autologous
BMT: n=1

GHD: n=6 (13%)
Hypothyroidism:
n=19 (41.3%)
Hypoadrenalism:
n=13 (28.3%)
DI: n=19 (41.3%)
Precocious puberty:
n=6 (13%)
T2DM: n=1 (2.2%)

Craniopharyngioma

10

5:5

9.8±3.9

8.7

20.5

Surgery only: n=2
Surgery + Cranial RT: n=8

Hypogonadism:
n=4 (40%)
GHD: n=6 (60%)
Hypothyroidism:
n=9 (90%)
Hypoadrenalism:
n=9 (90%)
DI: n=10 (100%)

Ependymoma

6

2:4

5.8±3.8

7.8

16.8

Surgery + Cranial RT: n=3

Hypogonadism:

Surgery + Chemotherapy: n=1
Surgery + Chemotherapy +
Cranial RT: n=1

n=1 (16.7%)
T2DM: n=1 (16.7%)

Chemotherapy + autologous BMT +
Cranial RT: n=1
ALL: acute lymphoblastic leukaemia; BMT: bone marrow transplantation; TBI: total body irradiation; RT: radiotherapy; GHD: growth hormone deficiency;
GCT: germ cell tumour; T2DM: type 2 diabetes mellitus; DI: diabetes insipidus
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There was no difference in the prevalence of endocrine
complications between germinomatous GCT and NGGCT
either; despite NGGCT patients require two extra courses
of chemotherapy.
Forty-five patients had hypothyroidism; 40 had
hypogonadism; 28 had growth hormone deficiency (GHD).
There were 23 patients with hypoadrenalism and 29
patients with central diabetes insipitus (DI). Other
complications included precocious puberty (n=8) and type
2 diabetes mellitus (T2DM) (n=5). Table 2 summarised
these endocrine complications and their corresponding
primary diagnosis.
Hypogonadism

Hypogonadism was diagnosed in 13 ALL and 27 brain
tumours patients. One GCT patient was excluded from
analysis as the medical record was incomplete.
The use of alkylating agents was associated with
hypogonadism in both male and female (p=0.035) with HR
of 3.96 (95% CI: 1.63 to 9.62). Testicular radiotherapy at
<30 Gy (n=6, p=0.0001) and total body irradiation (TBI) at
12 Gy in six fractions (n=5, p=0.0051) were found to be
associated with primary hypogonadism, with at least
3.98 times (HR: 34.64, 95% CI: 3.98 to 301.81) and 2.02
times higher risk (HR: 9.06, 95% CI: 2.02 to 40.50)
respectively in male patients as compared to those without
irradiation. However, these associations were not observed
in female patients (Table 3). The cumulative incidence of
hypogonadism in brain tumour patients is shown in Figure
1a.
Growth Hormone Deficiency (GHD)

Although no patient was documented to have GHD
before treatment, twenty-eight patients were diagnosed
after treatment. The majority were brain tumour patients
[medulloblastoma patients (n=14), GCT (n=6) and
craniopharyngioma (n=6)] while there were only two ALL

Table 3

patients (Table 2). Both cranial radiotherapy and surgery
were significantly associated with the development of GHD
(p<0.0001). Patients who had cranial radiotherapy were at
least 2.42 times (HR: 7.24, 95% CI: 2.42 to 21.62) or
neurosurgery in particularly at the suprasellar region were
at least 3.31 times (HR7.68, 95% CI: 3.31 to 17.85) more
likely to develop GHD (Table 3). The cumulative incidence
of GHD in brain tumour patients is shown in Figure 1b.
Table 2 Summary of cases with endocrine complications and
their respective primary diagnosis
Hypogonadism (n=40)
Primary: 27
Secondary: 13

ALL: 13/138 (9.4%)
GCT: 12/46 (26.1%)
Medulloblastoma: 10/33 (30.3%)
Craniopharyngioma: 4/10 (40%)
Ependymoma: 1/6 (16.7%)

Growth hormone
deficiency (n=28)

Medulloblastoma: 14/33 (42.4%)
Craniopharyngioma: 6/10 (60%)
GCT: 6/46 (13%)
ALL: 2/138 (1.5%)

Hypothyroidism (n=45)
Primary: 33
Central: 12

GCT: 19/46 (41.3%)
Medulloblastoma: 14/33 (42.4%)
Craniopharyngioma: 9/10 (90%)
ALL: 3/138 (2.2%)

Hypoadrenalism (n=23)
Primary: 19
Secondary: 4

GCT: 13/46 (28.3%)
Craniopharyngioma: 9/10 (90%)
ALL: 1/138 (0.7%)

Central diabetes
insipidus (n=29)
Present at diagnosis: 22
Post-operation: 7

GCT: 19/46 (41.3%)
Craniopharyngioma:
10/10 (100%)

Precocious puberty (n=8)

GCT: 6/46 (13%)
Medulloblastoma: 1/33 (3%)
ALL: 1/138 (0.7%)

Type 2 diabetes mellitus
(n=5)

ALL: 3/138 (2.2%)
GCT: 1/46 (2.2%)
Ependymoma: 1/6 (16.7%)

ALL: acute lymphoblastic leukaemia; GCT: germ cell tumour

Summary of endocrine complications and their significant treatment-related risk

Endocrine complications

Risk factors

p-value

Hazard ratio

95% CI

Alkylating agent
Testicular RT (males only)
TBI (males only)

p=0.0035
p=0.0001
p=0.0051

3.96
34.64
9.06

1.63 to 9.62
3.98 to 301.81
2.02 to 40.50

Cranial RT
Brain surgery

p<0.0001
p<0.0001

7.24
7.68

2.42 to 21.62
3.31 to 17.85

Hypothyroidism

Cranial irradiation >40 Gy

p<0.0001

9.44

4.41 to 20.22

Hypoadrenalism

Cranial irradiation >40 Gy

p=0.0002

7.94

2.96 to 21.33

Primary hypogonadism

Growth hormone deficiency

CI: confidence intervals; RT: radiotherapy; TBI: total body irradiation
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Hypothyroidism

Hypothyroidism was the most common form of
endocrine complication in our study. Among the 45
patients, 33 had primary and 12 had central hypothyroidism.
Nineteen were GCT patients, fourteen were
medulloblastoma patients, nine were craniopharyngioma
patients and three were ALL patients.
Fifteen patients developed hypothyroidism within one
year after completing all treatments. Yet, one GCT patient
developed hypothyroidism 13 years after treatments. The
only identified risk factor for the development of
hypothyroidism was cranial irradiation >40 Gy (p<0.0001)
and the risk was at least 4.41 times (HR: 9.44, 95% CI:
4.41 to 20.22) higher (Table 3). The cumulative incidence
of hypothyroidism in brain tumour patients is shown in
Figure 1c.
Hypoadrenalism

Of these 23 hypoadrenalism patients, 13 were primarily
diagnosed with GCT, nine were craniopharyngioma and one

Figure 1

was ALL. Nineteen cases were primary and four were
secondary hypoadrenalism (Table 2).
There was a strong dose-dependent relationship between
cranial irradiation (>40 Gy) and development of
hypoadrenalism (p=0.0002) with a HR of 7.94 (95% CI:
2.96 to 21.33) (Table 3).
Hypoadrenalism was commonly observed in patients
with craniopharyngioma patients and they had a much
earlier onset when compared with GCT patients (Figure
1d).
Central Diabetes Insipitus (DI)

Central DI was present in 12.4% of our patients and was
solely diagnosed in brain tumour patients. Nineteen cases
were observed in GCT patients while 10 cases were
reported in craniopharyngioma patients. The majority of
craniopharyngioma patients (n=7) acquired DI after
surgery, while three had DI at diagnosis prior to any form
of treatment. It was observed that GCT is significantly
associated with central DI before treatment (p<0.0001)

Cumulative incidence of (A) hypogonadism, (B) growth hormone deficiency, (C) hypothyroidism, and (D) hypoadrenalism.
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and craniopharyngioma patients are at greater risk for
developing DI after surgery (P<0.0001) compared with
other brain tumour patients.
Other Endocrine Complications

Four GCT patients presented with central precocious
puberty at diagnosis and four (one ALL with Central
Nervous System disease, one medulloblastoma and two
GCT patients) were diagnosed to have central precocious
puberty after treatments. In addition, three ALL, one GCT
and one ependymoma patients in our cohort had T2DM.

Discussion
The impacts of tumours and cancer treatments on the
endocrine dysfunction among Hong Kong Chinese
children had not been comprehensively reviewed
previously. This is the first local study to compare the
endocrine complications in a cohort of young survivors
of ALL and brain tumour patients in Hong Kong. Our results
were in line with previous studies on other ethnic groups
overseas.
Seventy-eight patients (33.5% of the cohort) were
observed to have at least one endocrine complication in
our cohort, which is much lower than most reported
cohorts of over 40 to 50%. 6,7 This could be related to
different surveillance protocol as well as the different
definition of endocrinopathies and different follow-up
periods.
Among all the brain tumours patients,
craniopharyngioma patients had the highest incidence
and earliest onset of endocrine complication. This is
probably confounded by the location of the tumours and
the focal treatment involving or in close proximity to
the hypothalamic-pituitary axis. Ependymoma patients
had the least endocrine dysfunction in this study, with
only one patient suffered from hypogonadism. This
might be due to the fact that local RT in ependymoma
patients especially at the posterior fossa did not affect
pituitary function much. On the whole, brain tumours
were significantly more commonly associated with
endocrine complications than ALL patients though. One
study suggested medulloblastoma had a higher
prevalence of hypoadrenalism than the other brain
tumours.7 However, our study did not see any significant
difference in this aspect.
Growth failure can be contributed by GHD, secondary
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hypothyroidism, hypogonadism or a combination of all
three, but they can be distinguished by simple laboratory
tests. However, detecting these endocrine complications
basing on only history and physical examination could be
challenging. For example, patients with both GHD and
precocious puberty might present with a 'normal growth
velocity' for age and these conditions could be missed if
the clinician is just looking at the growth data without proper
pubertal assessment or biochemical tests, and that
appropriate interventions could not be given within the
critical time windows. On the other hand, testicular
enlargement, which is the first sign of puberty in males,
could be masked in patients with hypogonadism and
seminiferous tubules dysfunction, in whom testicular sizes
are typically smaller than their corresponding pubertal
states. Therefore, assessing the timing of puberty in this
group of individuals could be challenging. Regular
surveillance with growth data and proper pubertal
assessment, together with regular blood tests should be
done in all these individuals.
Radiotherapy has been reported to have a positive
association with precocious puberty,5 we did not observe
any significant association in our study. However, TBI was
found to be associated with hypogonadism. Therefore,
proper counselling should be offered and the options of
fertility preservation should be discussed with patients and
their parents. Currently, we are offering the options of
cryopreservation for post-pubertal boys at risk of
developing hypogonadism in our unit. In view of more
complicated procedures involved in fertility preservation
in pre-pubertal boys or girls, this service is not routinely
offered to these groups at the moment.
In the current Hong Kong Paediatric Haematology
Oncology Study Group follow-up protocol for childhood
cancer survivors, regular screening with gonadotrophins
levels for patients who have previously received alkylating
agents or cranial radiotherapy starts at 13 years old. Thyroid
function test and lipid profile are performed every five
years or yearly if they were exposed to RT greater than
40 Gy. Comparing to similar guidelines overseas (Table
4), the Children's Oncology Group Long-Term Follow-Up
Guidelines for Survivors of Childhood, Adolescent, and
Young Adult Cancers (COG LTFU Guidelines)8 suggests
annual endocrinology evaluation if RT dose ≥30 Gy to
hypothalamic-pituitary axis or more frequently during
periods of rapid growth. The UK Children's Cancer Study
Group (UKCCSG)9 recommends monitoring all patients
every six months during pubertal stage even without
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Table 4

Summary of local and overseas surveillance program, and suggested surveillance program for our local childhood cancer survivors

Sequelae

Risk factors

HKPHOSG

Thyroid

RT to the neck,
spine or brain after
completion of
treatment

Every five years
or yearly if they
were exposed
to RT greater
than 40 Gy

Puberty

Exposure to
alkylating agents,
cranial RT

Metabolic
syndrome

Steroid,
cisplatin,
and carboplatin
exposure
Brian tumour survivor
Overweight/obese
individuals

Bone health
assessment

ALL
treatment

US COG
LTFU Guidelines

UKCCSG

Yearly or more
If receive RT
frequent screening to field including
during periods of
thyroid
rapid growth
(base of skull,
if receive ≥40 Gy
cervical spine)
to Cranial

LH and FSH at
LH and FSH if LH and FSH from
13 years old,
patients are
approximately 10
repeat if clinically
clinically
years of age
indicated after
indicated and
received
with signs of
alkylating agents,
accelerated
cranial RT
pubertal progression
and growth
Lipid profile
every 5 years if
received cisplatin,
carboplatin

Annual BP
and BMI in
all survivors
Fasting blood
glucose OR
HbA1c, fasting lipid
profile every 2 years

SIGN

Suggested surveillance
protocol/program

Annually if receive
RT to the neck,
spine or brain after
completion
of treatment

Annually if receive
RT to field including
thyroid

Not specify

Annual growth and
pubertal assessment
LH and FSH from
age of 10, or when
clinically indicated

Screen for
glycosuria

Annual BP and
Annual BP and
BMI in all survivors BMI in all survivors

Fasting blood
glucose, fasting
lipids, HbA1c

Fasting glucose,
Fasting glucose,
insulin, lipid profile: insulin, lipid profile:
2-yearly if obese/
2-yearly if obese/
overweight; 5-yearly overweight; 5-yearly
if normal weight
if normal weight

Baseline DXA,
Bone density
Enquire at long
repeat if clinically evaluation (DXA
term follow
indicated
or quantitative CT)
up clinic re:
Glucocorticoids,
at baseline at entry into 1) Back pain
methotrexate,
long-term follow-up, 2) Fractures
6-mercaptopurine
repeat as clinically
exposure
indicated in at
Consider
risks individuals
evaluation
TBI/Cranial radiotherapy,
of bone mineral
Bone marrow transplantation
density by
Endocrine dysfunction
DXA scan
(GH deficiency, hypogonadism,
hypothyroidism)

DXA 2 years
post-end of
treatment

DXA and lateral
spine X-ray/vertebral
fracture assessment
2 years post-end
Repeat if abnormal
of treatment
or clinical change
Serial measurements
if abnormal
clinical change

HKPHOSG: Hong Kong Paediatric Haematology and Oncology Study Group; COG LTFU Guidelines: Children's Oncology Group Long-Term Follow-Up Guidelines for
Survivors of Childhood, Adolescent, and Young Adult Cancers; UKCCSG: UK Children's Cancer Study Group; SIGN: Scottish Intercollegiate Guidelines Network;
ALL=acute lymphoblastic leukaemia; DXA: dual-energy X-ray absorptiometry; BMI: body mass index; BP: blood pressure; GH: growth hormone; CT: computerised
tomography; RT: radiotherapy; LH: luteinising hormone; FSH: follicle stimulating hormone; TSH: thyroid stimulating hormone; TBI: total body irradiation
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radiotherapy and annual thyroid function test for those who
received TBI and radiotherapy to thyroid. As for metabolic
syndrome, the Scottish Intercollegiate Guidelines Network
(SIGN) suggests to screen metabolic profiles (fasting
glucose, insulin and lipids) every five years and every two
years for normal weight and overweight survivors
respectively.10 In contrast, we only screen lipid profiles
every five years for patients who were treated with cisplatin
and carboplatin, while other metabolic profiles are not
included. Of note, the prevalence of T2DM and metabolic
syndrome were low in our cohort, which is different from
other populations. This could also be related to different
surveillance protocols on this aspect. With the overseas
experience, together with recent findings from both the
UK9 and USA8 groups showing the association between TBI
and central fat accumulation with increased risk of diabetes
in young adulthood, our local surveillance protocol should
be updated.
Our current osteoporosis surveillance program is also
suboptimal. This might potentially prevent the patients
from receiving timely and appropriate interventions. In
other overseas studies, 13%-21% ALL; 11 43% of
intracranial germ cell tumour survivors12; and 47% of
survivors of brain tumours13 were found to have decreased
bone mineral density (BMD). If the survivors could not
reach optimal bone mass during childhood, it is more likely
to develop osteoporosis and fracture in their later life.
Therefore, a better surveillance program should be
implemented for better care of this group of individuals.
Evaluations of BMD with dual-energy X-ray
absorptiometry (DXA) or quantitative CT scan are widely
recommended in different guidelines. UKCCSG and SIGN
recommend it to be done one year after bone marrow
transplantation or two years after the end of treatment. In
addition to low BMD, the incidental vertebral fracture was
reported in up to one-quarter of children with ALL in the 4
years after diagnosis.14 Therefore, regular vertebral fracture
assessment, which could be done simply with a lateral spine
X-ray from T4 to L4, should also be included as part of
the bone health assessment among these ALL survivors.
The overseas surveillance protocols and our proposed
recommendations on endocrinopathies screening, together
with the classes of chemotherapeutic agents used in our
local ALL and brain tumour protocols were summarised
in Tables 4 and 5.
With a high percentage of endocrinopathies among ALL
and brain tumours survivors, early identifications and timely
treatment is needed to optimise physical growth and
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development, as well as cognitive and psychosocial wellbeing in this group of patients. This requires
multidisciplinary inputs from oncologists,
endocrinologists and reproduction specialists, delivering
continual care from acute cancer treatment to long-term
follow-up of late endocrine effects spanning through
childhood to adulthood. Treatments of various
endocrinopathies are generally safe and well-tolerated.
This mainly consists of supplementation of the deficient
hormones, e.g. thyroxine, hydrocortisone and DDAVP
replacement for hypothyroidism, adrenal insufficiency and
diabetes insipidus respectively. Growth hormone (GH)
treatment had been shown to improve the final height of
cancer survivors with GHD, especially if it could be
initiated at younger bone age15 and there is no evidence
that GH treatment would increase the risk of recurrence.16
Nevertheless, most guidelines recommend waiting for one
year after completion of cancer treatment before initiation
of GH treatment.16
This study has several limitations. This is a single
institution-based review with potential selection bias. In
addition, some old medical records contained incomplete
data for analysis. Since we have a relatively larger number
of brain tumours patients in comparison to ALL patients
in our cohort, the prevalence of endocrine complications
might be over-estimated among these childhood cancer
survivors. Most patients received a combination of
treatments; hence it is difficult to conclude on the
contribution of individual treatment to endocrinopathy.
Finally, some apparent risk factors were not statistically
significant which may be due to the relatively small sample
size of this study.

Conclusion
Brain tumour patients are more likely to develop
endocrine complications than ALL patients. Radiotherapy
appeared to be most significant risk factor. An updated
surveillance program involving multidisciplinary long-term
follow-up by paediatric oncologists and paediatric
endocrinologists, together with proper patients' educations
should be considered for Hong Kong Chinese patients.
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Table 5

SCurrent childhood cancer treatments in Hong Kong, and the corresponding at-risk endocrine issues and suggested surveillance

Condition

ALL

Germ cell tumour

Protocol

Before 2002: Hong KongSingapore Acute
Lymphoblastic Leukaemia 97
2002 to 2007: ALL IC BFM 2002
2008 onwards: CCLG ALL
2008 study

HKPHOSG CNS Germ Cell
Tumour Protocol July 2014

Treatments (endocrine issues at risk)

Vincristine
Daunorubicin
L-asparaginase (bone health)
Dexamethasone (bone health)
Methotrexate (bone health)
Cytarabine
Mercaptopurine
Thioguanine
Cyclophosphamide (gonadal dysfunction)
Etoposide
Craniospinal RT for CNS disease (growth and
pubertal problems,central adrenal insufficiency)
Etoposide
Carboplatin (metabolic syndrome)
Ifosfamide (metabolic syndrome)
Craniospinal RT (thyroid nodules,
growth and pubertal problems,
central adrenal insufficiency)

Ependymoma

SIOP Ependymoma 99

Surgical resection (occurrence of endocrinopathies
depends on location of tumour and extent of
surgery)
Cyclophosphamide (gonadal dysfunction)
Vincristine
Etoposide

Medulloblastoma

HKPGOSG-PNET-CNS-2000

Craniopharyngioma No unified protocol in Hong
Kong at the moment with
individualised treatment

Children <3 years
old with
medulloblastoma
or ependymoma

Baby brain tumour protocol
(HKPHOSG 1994)

RT to tumour bed (if involves craniospinal region:
at risk of thyroid nodules, growth and pubertal
problems, central adrenal insufficiency)
Surgical resection (depends on location of tumour
and extent of surgery)
Lomustine
Cisplatin (metabolic syndrome)
Vincristine

Suggested surveillance
for endocrinopathies
(Brain tumour around the pituitary regions
could present with panhypopituitarism at
diagnosis or after initial surgery −
full pituitary hormonal assessment indicated)
• DXA and lateral spine X-ray/vertebral
fracture assessment 2 years post-end of
treatment; serial measurements if abnormal
clinical changes
• Annual growth and pubertal assessment
(monitor for both early and delayed puberty)
• LH and FSH monitoring from age of 10,
or when clinically indicated
• If history of craniospinal RT:
- Annual thyroid exam palpation; post-RT 5 years:
annual TSH/fT4 and regular USG thyroid every
2-3 years or earlier if clinically indicated
- Annual 8am cortisol test
• Annual blood pressure and BMI measurement
• Fasting glucose, insulin, lipid profile: 2-yearly if
obese/overweight; 5-yearly if normal weight
• Annual thyroid exam palpation; post-RT 5 years:
annual TSH/fT4 and regular USG thyroid every
2-3 years or earlier if clinically indicated
• Annual growth and pubertal assessment (monitor
for both early and delayed puberty); LH and FSH
from age of 10, or when clinically indicated
• Annual 8am cortisol test
• Annual growth and pubertal assessment
(monitor for both early and delayed puberty)
• LH and FSH monitoring from age of 10,
or when clinically indicated
• If any craniospinal RT:
- Annual thyroid exam palpation; post-RT 5 years:
annual TSH/fT4 and regular USG thyroid every
2-3 years or earlier if clinically indicated
- Annual 8 am cortisol test

• Annual BP and BMI measurement
• Fasting glucose, insulin, lipid profile: 2-yearly if
obese/overweight; 5-yearly if normal weight
• Annual thyroid exam palpation; post-RT 5 years:
annual TSH/fT4 and regular USG thyroid every
2-3 years or earlier if clinically indicated
Craniospinal RT (thyroid nodules,
• Annual growth and pubertal assessment
growth and pubertal problems,
(monitor for both early and delayed puberty)
central adrenal insufficiency)
• LH and FSH from age of 10, or when
clinically indicated
• Annual 8 am cortisol test
Surgical resection (depends on tumour locations and • Annual growth and pubertal assessment
extent of surgery - hypothalamic obesity,
(monitor for both early and delayed puberty)
panhypopituitarism, diabetes insipidus)
• LH and FSH from age of 10, or when
clinically indicated
Focal RT (growth and pubertal
• Annual 8 am cortisol test
problems, central adrenal insufficiency)
• Annual BP and BMI measurement; if obese,
screen for obesity-related morbidity
Intra-cystic interferon
Surgical resection (depends on location
• Annual growth and pubertal assessment
of tumour and extent of surgery)
(monitor for both early and delayed puberty)
• LH and FSH monitoring from age of 10, or
Cyclophosphamide (gonadal dysfunction)
when clinically indicated
Cisplatin (metabolic syndrome)
• Annual BP and BMI measurement
Etoposide
• Fasting glucose, insulin, lipid profile: 2-yearly
Vincristine
if obese/overweight; 5-yearly if normal weight

ALL=acute lymphoblastic leukaemia; DXA: dual energy X-ray absorptiometry; RT: radiotherapy; CNS: central nervous system; USG: ultrasonography; LH: luteinising
hormone; FSH: follicle stimulating hormone; BMI: body mass index; BP: blood pressure; GH: growth hormone; TSH: thyroid stimulating hormone; fT4: free thyroxine;
CT: computerised tomography
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Appendix 1. Hong Kong childhood cancer treatment protocol
Conditions

Protocol

Acute lymphoblastic leukaemia

Before 2002: Hong Kong-Singapore Acute
Lymphoblastic Leukaemia 97
2002 to 2007: ALL IC BFM 2002
2008 onwards: CCLG ALL 2008 study

Germ cell tumour

HKPHOSG CNS Germ Cell Tumour Protocol July 2014

Ependymoma

SIOP Ependymoma 99

Medulloblastoma

HKPGOSG-PNET-CNS-2000

Craniopharyngioma

No unified protocol in Hong Kong at the moment with
individualised treatment

Children <3 years old withmedulloblastoma or ependymoma

Baby brain tumour protocol (HKPHOSG 1994)

Appendix 2. Assessment of endocrine function in the Department of Paediatrics and Adolescent Medicine, Queen Mary Hospital, Hong
Kong
Gonadal function assessment
Pubertal status was assessed by Tanner staging. Biochemical screening using follicle stimulating hormone (FSH), luteinizing
hormone (LH), estradiol, and testosterone would be performed in those received alkylating agents, cranial or pelvic radiotherapy, and
ovarian/testicular surgery at the age of 13 years or when they are suspected to have pubertal problems.
Primary hypogonadism is defined as elevated gonadotropins. Secondary hypogonadism is defined as low estradiol or testosterone for age with inappropriately normal or low gonadotropins.
Precocious puberty is defined as onset of breast development before the age of 7 years or onset of menarche before the age of
10 years in girls, and onset of testicular enlargement before the age of 9 years in boys.
Growth assessment
Height was measured regularly during follow up and plotted into the growth chart on every visit. Patients with reduced growth
velocity would be tested for growth hormone deficiency by measurement of IGF-1 and growth hormone provocation tests (clonidine
test and insulin tolerance tests).
Thyroid function assessment
Thyroid function was assessed by thyroid stimulating hormone (TSH) and free thyroxine (fT4). It would be checked in those
who had received cranial or cervical radiotherapy or thyroid surgery. Primary hypothyroidism defined as low fT4 and high TSH.
Compensated hypothyroidism defined as normal fT4 and high TSH. Central hypothyroidism defined as low fT4 and low or
inappropriately normal TSH.
Adrenal function assessment
Morning cortisol levels used to screen for adrenal insufficiency. If the cortisol level was low then further testing by short
synacthen test was carried out.
Glucose metabolism
Fasting glucose (FG), random glucose (RG) and oral glucose tolerance test (OGTT) were used to screen for impaired fasting
glucose, impaired glucose tolerance and diabetes mellitus. Impaired fasting glucose was defined as FG 5.6-6.9 mmol/L. Impaired
glucose tolerance defined as plasma glucose ≥7.8 and ≤11.1 mmol/L at 2 hours post 75 gram oral glucose. Diabetes mellitus (DM)
was defined as FG ≥7 mmol/L or RG ≥11.1 mmol/L or OGTT plasma glucose ≥11.1 mmol/L at 2 hours. These tests were not
routinely performed unless patients had special clinical indications e.g. severe obesity, strong family history of diabetes mellitus etc.
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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

Discussion
A. Epidemiology

APL, FAB classification M3 or M3v, represents
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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%
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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
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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

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
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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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Special Article
Paediatric Haematology and Oncology in Hong Kong:
A Quarter Century of Progress
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Abstract

The practice of Paediatric Haematology and Oncology has advanced substantially over recent quarter
century. The developments in biotechnology and molecular technology have enabled innovations in
diagnostic tools and improved treatment, resulting in better patient outcome. Although they are uncommon
conditions, acute leukaemia, thalasssaemia and haemophilia are the important haematological / oncological
diseases affecting Hong Kong children who will need considerable health care resources. Patients with
transfusion-dependent thalassaemia can now enjoy better quality of life with regular transfusion and
appropriate iron chelation therapy. Haematopoietic stem cell transplantation can render patient transfusion
independent and there are alternative donors other than HLA matched siblings. New patients with
haemophilia are spared of the risk of transfusion-transmitted infection with enhanced transfusion safety.
The prevalence of chronic arthropathy has dramatically reduced as a result of prophylactic factor
replacement. The treatment outcome in children with cancer including leukaemia has improved over last
25 years. In addition to the conventional treatment modalities, targeted therapy and immunotherapy show
promise in combatting refractory or relapsed leukaemia.
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Introduction
Paediatric Haematology and Oncology are the clinical
specialties which focus on blood disorders and cancers in
childhood respectively. These 2 specialties are often put
together by tradition as there are many overlaps in clinical
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practice and they are often organised as integral parts of a
comprehensive service program. With more refined
developments in subspecialised areas, clinicians and
scientists can now focus in a designated area under these
specialties. Over the past quarter century, we are very lucky
to work in the field of Paediatric Haematology and
Oncology and able to witness the innovations with many
discoveries impacting patient outcome. Advances in
molecular biology and genomic discovery have enhanced
our understanding of the pathogenesis of blood diseases
and cancers and have contributed to development of new
diagnostic tests and treatment approaches.1 Promising new
immune-based and cellular-based therapies have been
developed for some of the most challenging disorders. The
previous era of dismal outcome for many childhood cancers
has been replaced by an era in which most childhood
cancers are cured. This has been made possible not only
because of advances in oncology but because of the parallel
development of surgery, radiology, radiotherapy as well
as supportive care.
In Hong Kong, we have experienced similar trend of
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changes and development though there were often some
degree of lagging behind. The advance in diagnostic
testing and monitoring has evolved over time contributing
to the advance in our clinical practice. Outcome has
improved for many childhood illnesses, both neoplastic
and non-neoplastic. In this article, we have outlined briefly
the historical perspectives of Paediatric Haematology and
Oncology. Then we have selected 3 areas including
laboratory diagnosis, transfusion safety, haematopoietic
stem cell transplant, and 3 types of childhood diseases,
namely leukaemia, thalassaemia and haemophilia, and
discussed under each topic the concerns in the past, the
road to the present and future developments. The article
can only be a brief overview of Hong Kong situation with
background reference to the situation overseas.

Historical Perspectives
The field of haematology started to develop slowly in
last century. Howard Pearson summarised the key
milestones in the development during these early years.2
Primitive microscope was used in 1674 by Leeuwenhoek
(Dutch) to achieve accurate description of red blood
corpuscles. Development of compound microscope with
2 lenses enabled big advance. Early evolution of the field
was due to quantitation of blood cell elements at the end
of 18th century using a gridded chamber called
haemocytometer. Previously these parameters were
determined by microscopy with considerable observer
variability. The attempt at a more accurate determination
of any one of these parameters was a laborious, timeconsuming enterprise relegated only as a demonstration
in physiology laboratories. Subsequent development of
automated electronic blood-counting equipment, which
was pioneered in 1956 by Wallace H. Coulter, enabled
valuable red cell parameters such as mean corpuscular
volume (MCV) and red cell distribution width (RDW) to
be applied in routine clinical practice. This advance
permitted the reclassification of anaemias based on red cell
indices. Normal reference range with different age groups
was then developed, giving the groundwork for clinical
work and future studies. Bone marrow description was first
described in 1937. In first half of 19th century, many
paediatric haematological disorders were described and
they were very different from adult diseases. Some examples
are Fanconi anaemia, Cooley's anaemia, Diamond-Blackfan
anaemia and haemophilia. In the second half of 19th
century, there were steady developments in the
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understanding of various paediatric haematological and
oncological disorders.

Current Status
In retrospect, it is amazing to see how diagnostic
measures and treatment have progressed so much while
the outcome of sick children was transformed. 3 The
discovery of the various genes responsible for Fanconi
anaemia and other inherited bone marrow failure
syndromes has revealed underlying pathogenesis including
DNA repair, telomere maintenance, ribosome biology and
other new fields of biology. The group of congenital
hemolytic anaemias can now be identified as separate and
distinct enzymopathies and membrane defects. With
improvement in electrophoretic technology and genetic
methods, haemoglobinopathies and thalassaemia are
diagnosed quickly with short turnaround time.
The treatment outcomes of many non-neoplastic
haematological disorders are very different from the past.
Aplastic anaemia has been transformed from a deadly
disease to one with cure in 90% of patients, using either
immunosuppressive therapies or hematopoietic stem cell
transplantation. For immune thrombocytopenia (ITP), the
commonest haematological disorder affecting children, we
often use intravenous gamma-globulin or steroid during
the acute phase if platelet count is <10x109/L or the child
has significant bleeding. For persistent or chronic ITP, we
now can consider using 2 drugs which were not available
in the past, namely Eltrombopag or Rituximab.
Eltrombopag was shown to activate the thrombopoietin
receptor leading to increased proliferation and
differentiation of megakaryocytes. It has recently been
found to have beneficial effects on patients with aplastic
anaemia. Rituximab is an anti-CD20 antibody which
suppresses B-cells proliferation and hence reduction of
auto-antibodies against platelets.
For neoplastic conditions, in addition to conventional
treatment modalities including chemotherapy, surgery and
external beam irradiation, there are new treatment
modalities, namely immunotherapy and targeted therapy.
Immunotherapy can be sub-classified into 5 types, namely
monoclonal antibodies, immune checkpoint inhibitor,
cancer vaccine, adoptive cell therapy and cytokines. Some
of the drugs are already in clinical use. Targeted therapy
refers to therapeutic agent which blocks the growth of
cancer cells by interacting with specific molecules needed
for carcinogenesis. The most famous agents are various
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tyrosine kinase inhibitors (TKI) with imatinib being the
prototype. The use of TKIs has largely transformed the
outlook of patients with chronic myeloid leukaemia (CML).
They will need to take TKI orally and regularly for long
term, and very few need a bone marrow transplant in big
contrast to the past. There are many new targeted drugs for
clinical use or for clinical trial. Some examples are listed
as follows with drug name (target): Bevacizumab (VEGF),
Bortezomib (proteasome), Vorinostat (histone deacetylase),
Quizartinib or Sorafenib (Flt-3), mTOR inhibitor
(mammalian target of rapamycin), Crizotinib (Alk),
Venetoclax (Bcl-2), Apatinib (VEGF receptor 2), Trametinib
(MEK), Entrectinib (NTRK or ROS1). The targeted drug is
often active against specific type of cancer with the
corresponding actionable mutation or molecule expression.4
We need to learn the updated information about these drugs
from clinical studies and accumulate own experience in
their usage.

Laboratory Diagnosis and Monitoring
In the 1980s, there were limited batteries of investigatory
tools provided by haematology and histopathology
laboratory. Other than full blood count and microscopic
examination on morphology of blood cells, the tests for
haemolytic anaemia, coagulopathy, thrombophilia, platelet
dysfunction were limited or only available in a few
laboratories. Over past quarter century, investigatory tools
for leukaemia have advanced from simple morphology
with cytochemical staining to immunophenotyping,
cytogenetics and molecular genetics. The use of
flow cytometry on live cells has enabled improved
immunophenotyping in contrast to the old APPAP
(Alkaline Phosphatase anti Alkaline Phosphatase) method
on slides with fixed blood cells. Cytogenetics study
provides important information on clonal chromosomal
aberrations associated with leukaemia. Other genetics tests
such as FISH (florescence in-situ hybridization) technique
enable detection of small genetic changes and supplement
karyotype analysis. The use of molecular technique RTPCR (reverse transcriptase - polymerase chain reaction)
can detect fusion transcript which occurs in leukaemia cells
with recurrent chromosomal translocation, such as RUNX1RUNX1T1 in AML with t(8;21).
The French-American-British (FAB) classification was
published in 1976 aiming to unify classification of acute
lymphoblastic leukaemia (ALL) and acute myeloid
leukaemia (AML) basing on morphological study only.5
This was a starting point when acute leukaemia
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classification could be standardised and clinical studies
could be compared. In addition to morphology, MIC
classification in 2001 incorporated immunophenotype and
cytogenetics. In the updated version of 2008 World Health
Organization (WHO) Classification of Haematological
Malignancies, cytogenetics study was supplemented by
molecular genetics such as FISH and RT-PCR. The 2016
revision to the WHO classification of myeloid neoplasms
and acute leukaemia is the most updated version and the
simple FAB classification of AML (M0-M7) is now
changed to a diversified classes and subclasses of
leukaemia with cytogenetic and molecular genetic
information which can have prognostic implications 6
(Figure 1).

Acute myeloid leukaemia (AML) and related neoplasms
AML with recurrent genetic abnormalities
AML with t(8;21)(q22;q22.1); RUNX1-RUNX1T1
AML with inv(16)(p13.1;q22) or t(16;16)(p13.1;q22);
CBFB-MYH11
APL with PML-RARA
AML with t(9;11)(p21.3;q23.3); MLLT3-KMT2A
AML with t(6;9)(p23;q34.1); DEK-NUP214
AML with inv(3)(q21.3;q26.2) or t(3;3)(q21.3;q26.2);
GATA2, MECOM
AML (megakaryoblastic) with t(1;22)(p13.3;q13.3);
RBM15-MKL1
Provisional entity: AML with BCR-ABL1
AML with mutated NPM1
AML with biallelic mutations of CEBPA
Provisional entity: AML with mutated RUNX1
AML with myelodysplasia-related changes
Therapy-relatec myeloid neoplasms
AML, NOS
AML with minimal differentiation
AML without maturation
AML with maturation
Acute myelomonocytic leukaemia
Acute monoblastic/monocytic leukaemia
Pure erythroid leukaemia
Acute megakaryoblastic leukaemia
Acute basophilic leukaemia
Acute panmyelosis with myelofibrosis
Myeloid sarcoma
Myeloid proliferations related to Down syndrome
Transient abnormal myelopiesis (TAM)
Myeloid leukaemia associated with Down syndrome
Figure 1
leukaemia.

2016 revision to WHO classification of myeloid
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M o n i t o r i n g fo r r es p o n s e i n l e u k aemia a f t e r
c h em o t h e r ap y i s d o n e b y b l o o d c o u n t an d b y
morphological assessment for number of residual blasts
in bone marrow. Now we can use flow cytometry to look
for minimal residual disease (MRD) i.e. small number of
residual leukaemia cells if we can identify leukaemia
associated immunophenotype (LAIP) for the leukaemia
case under treatment. We can also use molecular method
for detection of MRD such as quantitative RT-PCR if
leukaemia expresses fusion transcript such as RUNX1RUNX1T1 in AML with t(8;21). The latter method is more
sensitive than the flow cytometric analysis.
With advance in technology, there will be more and more
investigatory tools for research and for clinical use. Some
of the potential tools include digital imaging and artificial
intelligence in morphology, next generation flow
cytometry (NGF), next generation sequencing (NGS), ultradeep MRD monitoring, single cell analysis etc. (personal
communication with Dr Jason So). Only through clinical
studies, we can find out which new tool can be applied in
clinical use.

Transfusion Safety
In the 1980s, transfusion of blood components and
products was practiced widely in clinical care and in the

Figure 2

field of haematology. There were concerns about
inadequate supply of various blood components and blood
products. Transfusion-transmitted virus infections were the
major hazards at that time and indeed a proportion of
patients were infected through transfusion. In Hong Kong,
34% of thalassaemia patients were infected with HCV
reported in a study published in 2010.7 In many other places,
these have led to long period of disputes and legal
proceedings regarding the responsibilities of blood
providers and health authorities. In France, the court
pronounced the verdict convicting three former officials
of having knowingly distributed blood extracts
contaminated with HIV and the head officials were
sentenced to imprisonment.8 It was 10 years later that the
supreme court ruled that these officials cannot be held for
delays in blood screening which resulted in thousands of
people infected with HIV. 9 In 1993 the Hong Kong
Government set up AIDS Trust Fund to assist the HIVinfected haemophiliacs and to strengthen the medical and
support services. The transfusion-transmitted infections
have causes nightmares and tragedies to many patients
and their families, and it is a painful lesson for health care
providers.
Hong Kong Red Cross Blood Transfusion Service (BTS)
is all along the only organiser of blood and blood
component provision in Hong Kong. Transfusion safety
in Hong Kong has progressively been enhanced, from the

Transfusion safety is enhanced at Hong Kong Red Cross Blood Transfusion Service over past 30 years.
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introduction of serologic testing for hepatitis C in 1991
to the implementation of rapid nucleic acid testing (NAT)
for various infectious agents, and full compliance with the
ISO international standards in the late 2000s (Figure 2).
A number of patients developed sepsis after platelet
transfusion.10 A study conducted by the BTS found that short
term aerobic bacterial culture surveillance system was able
to reduce bacterial infection through blood transfusion.
The system was subsequently incorporated into the
surveillance system.
It is still possible that new or emerging infective agents
can cause threats in transfusion.11 Virucidal or pathogen
reduction systems for individual blood units are now
applicable such as methylene blue treated fresh frozen
plasma (FFP). Artificial blood substitutes are theoretically
safer but its application in clinical care is still not practical.

Haematopoietic Stem Cell Transplant
Allogeneic haematopoietic stem cell transplantation
(HSCT) is now established as a standard therapeutic
modality for a variety of malignant and non-malignant
diseases both in adults and in children. HSCT not only
replaces the diseased hematopoietic system, but also
provides various immunocompetent donor cells to combat
malignant cells, an effect called graft-versus-tumour
(GVT). Thus, HSCT is a prototype of cellular therapy. The
first successful allogeneic HSCT was done in the USA in
1968.12 We performed the first allogeneic HSCT in Hong
Kong in 1990. Initially, only HLA-identical sibling was
used as the donor. With the establishment of Hong Kong
Marrow Donor Registry in 1991, we started to use human
leukocyte antigen (HLA) matched unrelated donor for
transplant. Severe graft-versus-host disease (GVHD) was
a major complication in the early era as the HLA matching
was crude. Throughout the past decades, transplant
outcomes continue to improve with advancement in
molecular HLA typing techniques, development of potent
immunosuppressants, refinement of transplant conditioning
and supportive care, as well as diagnostics and therapeutics
of infective and other complications. Apart from HLAmatched related and unrelated donors, we also increasingly
utilise unrelated cord blood units as stem cell source, in
parallel with expansion of public and private cord blood
banks. Cord blood transplant has significant advantages
of fast availability, absence of donor risk, and less stringent
requirement for HLA matching. Nowadays, outcomes of
standard HSCT in Hong Kong are on a par with most
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developed countries. Long-term survival after HSCT is
about 60% for high risk or relapsed leukaemia and 90%
for severe aplastic anaemia (unpublished data).
Nevertheless, a substantial proportion of patients lack
HLA-matched donors or appropriate cord blood units.
Some of these patients had HLA-mismatched HSCT
performed. However, employing the usual methods as
for HLA-matched transplant frequently results in graft
rejection, GVHD, and worse survival. 13 Rejection and
GVHD are thought to be mediated by alloreactive T cells
from the recipient and the donor respectively. Attempts
have been made to overcome rejection by megadose of
donor stem cells and more intensive pre-transplant
immunosuppression; and various in vitro and in vivo
methods have been employed to remove donor T cells
to reduce GVHD. These approaches have gradually
improved outcomes of HLA-mismatched or haploidentical
family donor HSCT14 and broadened the donor choices so
that virtually all patients would have at least one readily
available donor for HSCT.
One of the commonly used stem cell engineering
approaches to facilitate successful HLA-mismatched HSCT
is positive selection of CD34+ cells from harvested
peripheral blood stem cells by monoclonal antibodies using
large scale immunomagnetic methods. By infusion of high
doses of purified CD34+ stem cells, HLA barrier can be
successfully overcome with good engraftment rate and low
incidence of GVHD.15,16 However, infection risk is high as
immune reconstitution is slow.17 Relapse of malignancy is
also a major problem. 17 Another approach is negative
selection by depletion of CD3+ T cells, usually combined
with depletion of CD19+ B cells to prevent post-transplant
lymphoproliferative disease. Such approach preserves
natural killer cells, myeloid precursors and other cells
which may facilitate engraftment. Immune recovery is
faster with reduced infections and transplant-related
mortality.18 Depletion of T cell receptor alpha-beta positive
T cells while retaining gamma-delta T cells may also reduce
GVHD while preserving anti-infective and anti-tumour
effects. 19-21 We have adopted such approach for
haploidentical transplant in Hong Kong since 2014.
To augment anti-infective and anti-tumour effects or to
promote donor chimerism, donor lymphocytes are
sometimes infused after HSCT.22 However, unmanipulated
donor lymphocyte infusion is associated with a high risk
of severe GVHD. CD45RA depletion, which removes naïve
T cells while retaining memory T cells, would protect the
transplant recipient against various infections, promote
engraftment and immune reconstitution, and possibly
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reduce recurrence of malignancy23,24 while limiting GVHD,
and we have started to utilise such approach since 2016.
Apart from simple cell sorting, selection and depletion
based on cell surface markers, antigen-specific T cells can
be selected and enriched as another form of adoptive
cellular therapy. Since 2016, we have started to apply
allogeneic antigen-specific T cells purified on the basis of
gamma-interferon secretion upon specific antigen
stimulation. This can be an effective treatment for
cytomegalovirus, Ebstein-Barr virus, adenovirus and other
viruses in severely immunocompromised patients. Adverse
effects are minimal due to high specificity of the infused
cells.
A recent major breakthrough in cellular therapy for
oncology patients is the use of genetically modified
chimeric antigen receptor (CAR) T cells,25 which shows
great promise in multiply relapsed or refractory B cell acute
lymphoblastic leukaemia and various B cell lymphomas.26
Its use continues to expand to other malignancies.
Currently we are actively developing this state-of-art
cellular therapy in Hong Kong.
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Acute Leukaemia
Childhood cancer is rare, with estimated annual
incidence of 150 cases per million children <15 years of
age. In Hong Kong patients <18 years old are usually treated
in the paediatrics and adolescent unit in the public
hospitals. From local data collected over 10 years' period,
(2006 -2015), an average of 170 new cases was registered
each year for patients <18 years of age. Acute lymphoblastic
leukaemia is the commonest cancer type and this does not
differ from other cities in the world. Acute lymphoblastic
leukaemia accounts for 22% while acute myeloid
leukaemia accounts for 9%. Brain tumour accounts for
15% and lymphoma (non-Hodgkin's and Hodgkin) accounts
for a total of 11% (Figure 3).
Concerns in the past related to acute leukaemia are
mainly relapse, refractory leukaemia, and toxicities from
treatment. In the old days, we often treated patients by
adopting protocols from overseas centre or oncology
group. Over the last 2 decades, the Hong Kong Paediatric
Haematology and Oncology Study Group (HKPHOSG) has

ALL: acute lymphoblastic leukaemia, AML: acute myeloid leukaemia, HL: Hodgkin lymphoma, NHL: non-Hodgkin lymphoma, CNS
tumour: central nervous system tumour, CNS GCT: central nervous system germ cell tumour, PNS tumour: peripheral nervous system
tumour, STS: soft tissue sarcoma, GCT: germ cell tumour

Figure 3 Childhood Cancer Statistics 2006-2015 (10 years' data from Hong Kong Paediatric Haematology &
Oncology Study Group. Total number: 1755).
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got the chance to join international studies. The I-BFM
ALL 2002 was one of the early international studies our
Group participated and this resulted in improved outcome
of Hong Kong patients.27 The subsequent two clinical trials
on ALL are CCLG-2008 and CCCG-2015, both being
national trials involving a number of oncology units in
mainland.28 The most recent CCCG-2015 protocol is still
ongoing. Over the years, we have gained experience in
different aspects including ways to conduct clinical trials
and use of flow MRD in patient stratification. More
important is that patients have improved outcome and
cranial RT prophylaxis was largely avoided. For relapse
and refractory cases, we can now consider use of
immunotherapy i.e. blinatumomab (bi-specific antibody
against CD19/CD3), and Inotuzumab Ozogamicin (antibody
against anti-CD22). CAR-T cell therapy, one form of
adoptive T-cell therapy has shown promising results in
achieving remission for refractory leukaemia. This
treatment facility is not yet available in Hong Kong while
the cost charged by drug firm is enormous. So, there is a
need to develop these treatment modalities locally.
For AML, our Group had the chance to join an
international relapse AML protocol using Liposomal
Daunorubicin (DaunoXome). Then we started to join the
NOPHO AML 2007 protocol. This study has examined the
benefits of post-consolidation use of Mylotarg in a
randomised control study and the results only showed the
drug delayed relapse and did not improve outcome.29,30
Currently we are joining the NOPHO AML 2012 protocol
which stratifies patients based on presence of Flt-3
mutation (poor prognostic marker) and in-vivo response
by assessing post-treatment bone marrow MRD by flow
cytometry. The interim analysis shows improved survival
with the new protocol compared with previous 2004
protocol (unpublished data). For relapse case and refractory
cases, use of Clofarabine, Mylotarg (antibody against
CD33), and Flt-3inhibtor should be considered.

Haemophilia
The incidences of haemophilias A and B in Hong Kong
have not been well-defined. Patients with haemophilias
can lead a near normal life with adequate coagulation factor
support but pose significant economic costs to the health
care system.
In the 1980s many patients were managed by 'treatment
on demand' regimen with factor replacement. Recurrent
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bleeding and chronic arthropathy occurred not infrequently
with this approach. Risks of transfusion-transmitted
infections were main concerns at that time. Cohort of 90
children and adolescents with haemophilia were recruited
in a cross-sectional study which showed 46.4% had chronic
arthropathy.31 HCV infection was present in 12 patients, 2
had HBV and none had HIV. 8.1% had inhibitor. From
2004, factor replacement has moved towards prophylactic
use. Chronic arthropathy is now uncommon in the young
generation. A bigger cohort of 222 patients (all age) was
surveyed and reported in 2011. The study showed 26
patients have HIV, 100 have HCV and 14 have HBV, and
most of the infected subjects are in older age group.32
In Hong Kong, plasma-derived factor VIII and IX
concentrates are manufactured from plasma of normal
blood donors. This local source of factor concentrates,
while adequate for haemophilia B patients, is inadequate
for the bigger population of haemophilia A patients, so that
plasma-derived factor VIII concentrates are needed from
other suppliers. For plasma derived product, infection risk
is much reduced with heat treatment and monoclonal
technology. As recombinant product came to market in the
20th century, there was discussion on whether the new
product should replace the plasma derived product in Hong
Kong. Nowadays it remains that plasma derived product is
provided to most patients while recombinant product as a
self-financed item.
Inhibitor development in haemophiliacs poses a very
challenging problem for the clinicians. Studies comparing
the risk of inhibitor development in patients with plasma
derived product or recombinant product have not shown
conclusive results. When a patient develops significant
inhibitor level and has excessive bleeding, this often
necessitates the use of bypassing agents such as Novo Seven
or FEIBA. In some patients, immune tolerance induction
can be tried. Emicizumab (Hemlibra ®) is a bispecific
humanised monoclonal antibody that restores the function
of missing activated FVIII by bridging activated FIX and
FX to facilitate effective haemostasis in patients with
haemophilia A.33 Subcutaneous Emicizumab is approved in
the USA for use as routine prophylaxis to prevent or reduce
the frequency of bleeding episodes in adults and paediatric
patients with haemophilia A with FVIII inhibitors.
Subcutaneous Emicizumab is awaiting approval in several
countries worldwide.
Innovations mainly focus on long acting factor using
different technology, e.g. Fc protein fusion or PEGylated
factor. Clinical trials with adeno-associated virus vectors
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have documented a significant success for haemophilia
gene therapy demonstrating potential to transform
haemophilia treatment.34

Thalassaemia
In early 1980s when the first author started working as a
paediatric trainee, he was given an impression that
thalassaemia was a 'bad' disease with gloomy outcome.
Patients were inadequately transfused and had
characteristic Cooley's facies and hepatosplenomegaly.
They were under threat of transfusion-transmitted
infections. Complications including endocrinopathies and
cardiomyopathies due to iron overload were destined to
develop with time. Iron chelation with subcutaneous
desferrioxamine was started in Hong Kong in the late
1970s and early 1980s. 35 Since then, regular blood
transfusion and subcutaneous desferrioxamine has become
the standard management. However, complications due to
iron overload still occurred in significant number of
patients. This was partly due to poor compliance to the
demanding chelator injection, partly related to efficiency
of the chelator, and also related to lack of tool to monitor
iron overload except serum ferritin. Haematopoietic stem
cell transplant facilities were not available till 1990.
Infections by Klebsiella spp. at different body sites were
commonly encountered, which could lead to significant
morbidity and mortality. 36 Other desferrioxamine-

Figure 4
Comparison between haematopoietic stem cell
transplant (HSCT) and gene therapy.
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associated complications such as skeletal dysplasia were
occasionally observed
In 2009, it was estimated that 9.5% of the blood supply
in Hong Kong (13,460 units) was utilised by about 380
transfusion-dependent thalassaemia patients, with a
predicted annual consumption increment of 0.8%. 37
Thalassaemia patients have been provided with pre-storage
filtered blood as a standard for the past 20 years.
Deferiprone was shown in a randomised controlled study
to significantly reduce ferritin levels in poorly chelated
Chinese patients when combined with desferrioxamine.38
Therefore, combination therapy of desferrioxamine with
deferiprone is frequently used in poorly-chelated patients,
with benefits validated by MRI T2*.39 The use of validated
MRI software to assess organ iron is one the major
innovations which has transformed thalassaemia care as
clinicians can now adjust iron chelation regimen based on
degree of iron overload in specific organs. Deferasirox is
another oral iron chelator which was available in Hong
Kong public hospitals since 2010. It was recommended
for first-line treatment in children aged between 2-6 years,
and for second-line treatment for children older than 6
years, who are not responding optimally to combined
desferrioxamine with deferiprone. Renal tubular
dysfunction has been observed to be a frequent but
reversible adverse effect.40
In Hong Kong, HLA-matched sibling HSCT for
thalassaemia started initially with marrow in 1991, and with
cord blood in 1994.41 Employing conditioning regimens
containing anti-thymocyte globulin, HSCT results in
transfusion-independence in over 90% of recipients. Preimplantation genetic diagnosis (PGD) and embryo
selection for unaffected HLA-matched sibling for
transplant was successfully done for a few cases. Improved
outcomes of unrelated donor transplant and availability
of haploidentical donor transplant have also transformed
the outlook of transfusion-dependent thalassaemia
patients.
Despite high prevalence of thalassaemia carrier rate in
Hong Kong, preventive measures by antenatal screening
and prenatal diagnosis have dramatically reduced the birth
of severe forms of thalassaemia. However occasional
couples with affected fetus have decided to carry on the
pregnancy after being counselled on the current state of
thalassaemia care. Some of the patient with Hb Bart disease
were born this way and they were given intra-uterine
transfusion which reduce the detrimental effects of severe
anaemia.42
Thalassaemia is now becoming an adult disease with
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much improved outlook, reduced morbidities and
mortality. Many of the patients achieved a lot in life both
in careers and parenthood with the current improvements
in treatment, including different chelation regimens that
individualise and optimise to achieve normal or near
normal iron overload status. More iron chelators may come
up in the future.
The most exciting developments in recent years are
on gene therapy which requires transfer (ex-vivo viral
transduction) to haematopoietic stem cells of large
globin gene expression cassettes driven by complex
regulatory elements. Preclinical and early clinical
studies proved safety and efficacy of stem cell–based
gene therapy while showing hurdles and limitations of
the existing technology. 43,44 Although the number of
patients in the two studies are small, a significant
proportion of patients achieved transfusion free. Stem
cell procurement, cell dose, transduction efficiency,
gene expression level, conditioning regimen, and
patient's age at the time of intervention are key factors
affecting the therapeutic range and clinical efficacy of
gene therapy. There will be refinements in the gene
therapy methodology. At the same time haematopoeitic
stem cell transplant will also improve. A comparison
between the 2 approaches is tabulated (Figure 4).
Another approach in gene therapy is gene (genome)
editing in which no viral transduction is required. Nucleases
are employed to either repair, disrupt or to activate certain
globin genes with different approaches aiming at alleviating
globin chain imbalance in intermediately severe forms of
beta thalassaemia. One of the popular nuclease systems is
the CRISPR-Cas9, which was adapted from a naturally
occurring genome editing system in bacteria.45 Challenges
include selection of the most effective genome editing
tools, optimising their delivery to haematopoietic stem
cells (HSCs), improving specificity and better
understanding potential off target effects, particularly those
that are biologically relevant.

Future Challenges
Major changes in service delivery model of paediatric
care are occurring after Hong Kong Children's Hospital
(HKCH) has commenced operation. Out-patient clinic
service started in December 2018 and in-patient service
started on 27 March 2019. In the subsequent four months,
the 5 parent oncology units, 2 of them providing HSCT
have moved to HKCH and the teams merged to provide
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patient care at HKCH. In the coming 1 year, other tertiary
and quaternary services in paediatrics and surgical
specialties will be translocated to HKCH in phases. The
HKCH serves as the tertiary referral centre for complex,
serious and uncommon paediatric cases requiring
multidisciplinary management, providing diagnosis,
treatment and rehabilitation services for patients with
relevant clinical needs, from birth to 18 years of age over
the territory, while the paediatric departments in the other
13 public hospitals continue to provide secondary, acute,
emergency and community paediatric care. This new "huband-spoke" health care delivery model46 is expected to
bring about a coordinated and coherent paediatric service
network and enhance the overall service quality.
For paediatric haematology and oncology, children with
cancer will be treated largely at HKCH. There are however
a lot of different haematology practices happening
in regional units and in the community. Close
communication and consultation with regional units and
private sectors by HKCH is therefore critical to achieve
provision of comprehensive care to children.
Local patient population remains small and many
haematological and oncological disorders are relatively
rare. We need to join research studies, both clinical and
laboratory through national or international collaboration.
New drugs and treatment modalities are often pioneered
by commercial companies and we need to explore
feasibility to participate in sponsored clinical trials.
Globalisation of healthcare and medical tourism have
inevitably been happening and this poses pressure and
momentum for local providers to develop treatment
modalities which are not yet available locally such as proton
therapy, CAT-T cell therapy for acute lymphoblastic
leukaemia, and gene therapy. The surge in healthcare
costing is imminent and financing issue will be continual
challenges to the Government.
With all the changes and hurdles, we feel hopeful that
that the new service model can help to raise the standards
of paediatric care in Hong Kong, with support from the
Government, health care authorities, and non-government
organisations. The success of course relies very much on
the dedication, team spirits, and close collaboration among
health care providers at different units within the "huband-spoke" network.
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Case Report
A Child with Blastic Plasmacytoid Dentritic Cell Neoplasm
Complicated with Perianal Necrotising Fasciitis
WYK CHAN, RYY LEUNG, AKS CHIANG, DKL CHEUK

Abstract

Blastic plasmacytoid dendritic cell neoplasm is an uncommon aggressive haemato-lymphoid neoplasm
derived from type 2 dendritic cells which occur mainly in adults and elderly. It usually manifests as
cutaneous lesions on face, scalp, trunk or limbs. In this report, we describe a 6-year old girl with unusual
presentation of septic shock and perianal necrotising fasciitis, warranting urgent laparotomy, colectomy,
perineal debridement and long term colostomy. She achieved complete remission with acute lymphoblastic
leukaemia-based chemotherapy protocol.
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Introduction

Case Report

Blastic plasmacytoid dendritic cell neoplasm (BPDCN)
is an uncommon aggressive haematological neoplasm
derived from type 2 dendritic cells (DC) and it occurs much
more commonly in adults and elderly.1 It usually manifests
as cutaneous lesions over face, scalp, trunk or limbs. To
the best of our knowledge, less than 50 paediatric cases
have been reported worldwide.1 Here we describe a 6-year
old girl with unusual clinical presentation of septic shock
and perianal necrotising fasciitis for this rare disease.

A 6-year-old girl developed acute onset of high fever,
watery diarrhoea, vomiting and abdominal pain. Diarrhoea
worsened over the next 2 days with mucus and fresh blood
noted on tissue paper upon wiping and pain on defaecation.
Progressive redness and swelling of buttock were noted
and the child was brought to hospital 3 days after symptom
onset. Appetite remained well all along and no weight loss
was noticed.
The child was in septic shock upon admission requiring
fluid resuscitation. Significant buttock swelling with
hyperpigmentation was seen (Figure 1). Intravenous
clindamycin and metronidazole were given empirically.
Examination was unremarkable otherwise. No
lymphadenopathy or hepatosplenomegaly were noted.
Complete blood picture showed cytopenia with left-shift
of white blood cells and toxic granulations, compatible
with severe sepsis. Haemoglobin level was 8.4 g/dL,
platelet count 142 x 10 9/L, and white cell count 0.2 x
10 9 /L. C-reactive protein was elevated to 353 mg/L.
Prothrombin time (PT) and activated partial
thromboplastin time (APTT) were prolonged but no
disseminated intravascular coagulopathy (DIC) was noted
(PT 15.6s, APTT 40.4s, INR 1.4, fibrinogen 8.3 g/L,
D-dimer 0.4 mg/ml). Electrolytes, renal and liver function
tests were unremarkable. Abdominal X-ray showed dilated
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small and large bowel loops but no fluid levels or free
intraperitoneal gas was demonstrated. Computed
tomography of the abdomen revealed severe mucosal
swelling at rectum and sigmoid colon. Severe colitis with
abscess formation and perforation were suspected.
Emergency laparotomy, colectomy, colostomy and
perineal debridement were performed subsequently.
Biopsy of skin and subcutaneous tissue revealed no
conclusive diagnosis on histological examination due to
extensive necrosis. Subcutaneous fatty tissue and perineal
wound swabs together with blood culture later grew Group
G streptococcus. Fever and skin erythema gradually
subsided post-operatively with antibiotics. Complete
blood count and clotting profile subsequently normalised
except persistent lymphopenia (WCC 8.1x109/L, ALC
0.2-0.5x10 9 /L, Hb 12.3 g/dL, platelet 427x10 9 /L, PT
11.7, INR 1.1, APTT 33.1) when sepsis resolved and
transfusions given. Immunology team was consulted for
persistent lymphopenia with dihydrorhodamine test (DHR)
test and lymphocyte subsets performed. Bone marrow
examination was performed and showed predominance of
immature mononuclear cells (93%). Flow cytometry of
marrow blood showed that the cells were positive for CD4,
CD56, CD7, CD123, CD117 and HLA-DR while negative
for myeloid markers (CD13, CD33 & myeloperoxidase)
and B- & T-lineage markers. Tdt-positivity is revealed on
trephine biopsy sections. Peripheral blood smear revealed
occasional (8%) abnormal mononuclear cells presumed
to be blasts (Figure 2, blast cell on the right with
lymphocyte on the left side as comparison). In-situ
hybridization (ISH) for Epstein-Barr virus (EBV) encoded
ribonucleic acid (RNA) [EBER] was negative.
Cerebrospinal fluid (CSF) showed no malignant cells.
Diagnosis of BPDCN was made.
She was started on chemotherapy according to our
contemporary Children's Cancer and Leukaemia Group
(CCLG) 2008 intermediate risk protocol for acute
lymphoblastic leukaemia (ALL). Induction chemotherapy
consisted of 7 days of prednisolone prophase and 4 weeks
of standard 4-drug regimen (dexamethasone, vincristine,
daunorubicin, and asparaginase). Intrathecal chemotherapy
was also incorporated in the protocol. Bone marrow
reassessment on Day 15 of chemotherapy showed
regenerating marrow with no abnormal infiltrate. She
continued early intensification, consolidation, delayed
intensification and maintenance chemotherapy without
significant complications. The whole treatment lasted for
2 years and she remained well now off treatment for more

than 2 years. End of treatment bone marrow examination
showed complete remission of disease. Latest magnetic
resonance imaging of abdomen showed distorted anatomy
of anal canal. The anal sphincters were destroyed as both
internal and external sphincters were not demarcated. She
may need permanent colostomy.

Discussion
BPDCN is an uncommon aggressive haematolymphoid
malignancy derived from plasmacytoid (type 2) DC.

Figure 1
Violaceous skin pigmentation demonstrating necrotising
fasciitis of buttock.

Figure 2
Photomicrograph of blastic plasmacytoid dendritic cell
with small vaculoles riming scanty cytoplasm.
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Nomenclature for this disease entity has been evolved over
past two decades with increased understanding on
underlying biology. It was initially described as acute
agranular CD4+ natural killer (NK) cell leukaemia in 1994
by Adachi et al.2 (due to its unique agranular morphology
and phenotype CD4+CD56+CD15+CD3-), later coined as
blastic NK cell lymphoma (due to its blastic appearance
and CD56 expression) 3 and agranular CD4 + CD56 +
haematodermic neoplasm/tumour 4 (based on its
immunophenotype and skin predilection). Current
nomenclature was employed in the 2008 WHO
classification of tumours of the haematopoietic and
lymphoid tissues and classified as a distinct entity under
the group of acute myeloid leukaemia (AML) and related
precursor neoplasms. It accounts for 0.7% of primary
cutaneous skin lymphomas 5 and occurs much more
commonly in adults and elderly (median age at diagnosis
is 65-67 years) with modest male predominance (male-tofemale ratio is 2.5:1).
Around one-third of the patients with BPDCN present
as cutaneous lesion only6 of variable size (few millimetres
to 10 centimetres), shape (localised or diffuse, nodular or
patchy) and colour (erythema, hyperpigmentation, purpura
or ulceration).1 Most common areas of involvement include
face or scalp (20%), lower limb (11%), trunk (9%), upper
limb (7%) and mucosa. As for our patient, septic shock
and perianal necrotising fasciitis are unusual clinical
presentations of this rare disease. Bone marrow
involvement and leukaemic dissemination may occur as
in this girl with 85% blasts in marrow and 8% in peripheral
blood. Cytopenia (thrombocytopenia 78%, anaemia 65%,
neutropenia 34%, and hyperleucocytosis infrequent) is
another disease feature which is demonstrated in this
patient (mainly anaemia and neutropenia, no significant
thrombocytopenia). In addition, lymphadenopathy and
splenomegaly are common though not seen in our patient.
Other clinical manifestations include hepatomegaly or
involvement of other organ systems such as tonsils,
paranasal cavities, lungs, eyes, central nervous system
(CNS), and paravertebral region. Worth noting is that a
minority of BPDCN patients would present as leukaemia
without skin involvement and thus a bone marrow
examination is warranted.
Diagnosis is usually based on skin biopsy and good
q u a l i t y s p e c im e n i s e s s e n t ia l f o r d ia g n o s i s .
M o r p h o l o g i c a l l y i t ap p e a r s as an i n f i l t r a t e o f
monomorphic, medium-sized, poorly differentiated
cells extending to subcutaneous fat while sparing the
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epidermis. Unfortunately, only necrotic tissues were
obtained from surgical debridement of the affected
areas in our patient and diagnosis was not reached at the
time of surgery.
Immunophenotyping is crucial in confirming the
diagnosis and filtering out other differential diagnoses of
h ae m a t o l o g i c a l m a l i g n an c i e s w i t h c u t an e o u s
manifestations, such as CD56+ AML or myeloid sarcoma,
nasal-type extranodal NK/T cell lymphoma, subcutaneous
panniculitis-like T cell lymphoma (SPTCL) and cutaneous
T cell lymphoma (CTCL). Garanche-Ottou et al7 proposed
immunophenotypic diagnosis of BPDCN including
coexpression of CD4 and CD56/NCAM, positivity of
plasmacytoid dendritic cell specific antigens (CD123/
IL3RA, BDCA-2/CD303/CLEC4E and/or BDCA-4) and
negativity of other T-lineage (CD3), monocytic (CD11c),
myeloid (MPO) and B-lineage (CD79a) markers. Positivity
of CD43/SPN, CD45RA and other DC2 markers (TCL1/
TCL1A, SPIB/CTLA1/GZMB) also support the diagnosis.
A significant proportion of cases are also positive for CD68,
CD33, CD7 and Tdt. In our patient, diagnosis of BPDCN
was made when flow cytometry demonstrated positivity
towards CD4, CD56 and CD 123, while negative for
myeloid and B-cell markers.
Optimal treatment is still unknown due to paucity of
data and absence of prospective clinical trials.
Heterogeneous treatment protocols were employed
depending on institutional preferences. Small
retrospective analyses suggest that younger patients with
solely cutaneous disease with more immature cells
histologically have better response to therapy and higher
complete remission rates using ALL-like induction
therapy8 as in our patient. Allogeneic haematopoietic stem
cell transplantation (HSCT) after first complete remission
(CR) is recommended in adults due to high relapse rate,
but reserved as second line for children after second CR
on relapse. Pagano et al has recently published a diagnostic
and treatment algorithm for BPDCN. 9 Novel treatment
modalities mainly targeted therapeutic agents under active
research have also been mentioned recently by Falcone
et al, 10 such as hypomethylating agent 5-azacytidine
(5-Aza), CD123 / IL3 receptor alpha (IL3Rα) inhibitor
SL401, fusion toxin DT388IL3 containing diphtheria toxin
(DT388) linked to interleukin-3 (IL3), NF-κB pathway
inhibitors Bortezomib and BMS-345541, phosphoinositide
3-kinase (PI3K) / protein kinase B (AKT) pathway inhibitor
MK-2206, bromodomian and extraterminal (BET) domain
protein inhibitor as well as monoclonal antibodies
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epratuzumab, gemtuzumab ozogamicin and lorvotuzumab
mertansine (LM/IMGN901/BB-10901).
To c o n c l u d e , B P D C N i s a r a r e a g g r e s s i v e
haematological neoplasm which commonly presents with
cutaneous lesions. High index of clinical suspicion may
facilitate early diagnosis and treatment. Accurate diagnosis
hinges on immunophenotyping by flow cytometry on bone
marrow samples and histopathology of good quality skin
biopsy. Treatment with ALL-like chemotherapy seems
promising in achieving complete remission. The role of
HSCT and targeted therapy remain to be defined.
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Case Report
An Infant with Diarrhoea and Cyanosis:
A Case Report of Methaemoglobinaemia
TTW CHOW, KM BELARAMANI, CH LI

Abstract

We report a young infant with diarrhoea and associated methaemoglobinaemia, who presented acutely
with shock and cyanosis. The baby was subsequently diagnosed to have cow's milk protein intolerance.
The clinical features, pathogenesis, aetiology and management of the condition were reviewed. We
would like to highlight that methaemoglobinaemia is a medical emergency, and prompt treatment with
methylene blue is life-saving and usually results in good outcome.

Key words

Children; Cow's milk protein allergy; Diarrhoea; Methaemoglobinaemia; Nitrate

Case Report
A 31-day-old Chinese baby girl presented to the
Accident and Emergency Department with two weeks
history of diarrhoea and poor feeding. She was the second
child of a non-consanguineous Chinese couple with no
significant family history. Her perinatal course was
uneventful. Feeding by cow's milk-based formula was
introduced on day 1 of life and tolerated. On day 19, she
started to have diarrhoea. Feeding was changed to soybased formula as suggested by a family doctor.
Promethazine, lacteol, and kaolin pectin were prescribed.
Diarrhoea then improved. One week later, mother noticed
that baby's face became blue and pale. She visited another
doctor who performed electrocardiogram and chest X-ray
with normal findings. Feeding with cow's milk-based
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formula was resumed. Diarrhoea then worsened and baby
developed vomiting and refused to eat. At presentation,
she was lethargic, tachycardic and tachypnoeic with central
cyanosis (Figure 1). The circulation was poor with skin
mottling and delayed capillary refill. Blood pressure was
not measurable. Oxygen saturation (SpO2) was 89-90% in
room air by pulse oximetry. Her body weight was measured
to be similar to her birth weight. She was afebrile.
Examination of heart, chest and abdomen were
unremarkable. Venous blood gas findings were as follows:
pH 7.06, pCO2 4.5kPa, base excess -19.7 mmol/L. She was
given oxygen therapy and normal saline bolus with
improvement of heart rate and blood pressure.
She was transferred to the paediatric intensive care
unit for further management. Despite a high flow oxygen
supplement of 5 L/min and a SpO2 reading of 94%, the
child remained in deep central cyanosis. Complete
blood picture, serum electrolytes and anion gap were
unremarkable. Haemoglobin was 12.4 g/dL and serum
bilirubin was 10 umol/L with no sign of acute
haemolysis. Dark chocolate-brown coloured blood was
drawn from the arterial line (Figure 2). The diagnosis
of methaemoglobinaemia was thus suspected, and was
confirmed by co-oximetry (methaemoglobin was
44.1%, oxyhaemoglobin 55.9%, and deoxyhaemoglobin
<1%). Normal status of glucose-6-phosphate
dehydrogenase enzyme (G6PD) was confirmed by visual
fluorescent method.1 Intravenous methylene blue 1 mg/

An Infant with Diarrhoea and Cyanosis

232

kg bolus was given. The baby quickly turned pink with
improvement of circulation. Heart rate gradually
normalised. SpO2 became 99-100% on 2 L/min of oxygen
through nasal cannula. Metabolic acidosis improved. Cooximetry 1 hour later showed that methaemoglobin level
had gone down to 1.5%, while oxyhaemoglobin increased
to 98%. She then continued on oral methylene blue and
ascorbic acid.
Feeding with cow's milk-based formula was resumed
three days after admission. She developed watery diarrhoea
again. Metabolic acidosis recurred, while methaemoglobin
level rose. The condition improved after stopping feeds
with provision of intravenous fluid and sodium bicarbonate.
Milk formula was changed to hydrolysed protein formula
with the suspicion of cow's milk protein intolerance. It

was well tolerated with resolution of diarrhoea and
normalisation of methaemoglobin level and acid-base
balance. The child had good weight gain afterwards.
Serum and urine screening for metabolic diseases and
toxicology was negative. No viral or bacterial pathogen
was identified in blood or stool hence infective
gastroenteritis was unlikely. Stool was positive for fat
globules but negative for reducing substance. The level of
immunoglobulin E against cow's milk protein was normal.
During the acute episode, urine nitrate was elevated to
1265 mg/L, with high nitrate to creatinine ratio 360 mg/
mmol Cr (Normal value: <100 mg/mmol Cr). It returned to
normal after patient was put on hydrolysed protein formula.
Haemoglobin pattern by electrophoresis was normal.
Genetic study for congenital methaemoglobinaemia type
I and II with polymerase chain reaction of the CYB5R3
gene followed by direct DNA sequencing revealed no
mutation. Methylene blue and vitamin C were then taken
off. MRI scan of brain showed no evidence of hypoxic
damage. On the last follow-up at 4 years old, she enjoyed
normal growth and development without recurrence of
methaemoglobinaemia.

Discussion

Figure 1

Cyanotic appearance of our patient at presentation.

Dark chocolate brown coloured blood
withdrawn from arterial line.
Figure 2

Methaemoglobin is a form of haemoglobin in which
the usual ferrous (Fe2+) form of iron in the haem group is
oxidised into its ferric state (Fe3+). The latter not only
cannot carry oxygen, but also increases the oxygen affinity
of the remaining haem in the haemoglobin.2 This results
in decreased oxygen delivery and tissue hypoxia.
Physiologically, there is a gradual, constant formation of
methaemoglobin by endogenous oxidation. This is
counteracted by several enzymatic pathways which
maintain the level of methaemoglobin under 1%. The major
one is the cytochrome b5-methaemoglobin reductase
pathway, where methaemoglobin is reduced back to
haemoglobin using nicotinamide adenine dinucleotide
(NAD) as a cofactor. 2 Another pathway involves the
nicotinamide adenine dinucleotide phosphate (NADPH)Methaemoglobin reductase, in the presence of NADPH as
a cofactor. The production of NADPH requires G6PD. This
pathway plays a minor role in usual physiological state,
but can be activated by methylene blue.2
Methaemoglobinaemia occurs when there is an increased
production of methaemoglobin, or a failure in the
protective reducing mechanisms. With accumulation of
methaemoglobin to values higher than 1.5 g/dL (15% of
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total haemoglobin), cyanosis becomes clinically
noticeable. Anxiety, headache, dizziness and tachycardia
may occur when level rises to above 20%. Levels between
30% and 50% can produce fatigue, confusion, and
tachypnoea. Above 50%, there may be arrhythmias,
acidosis, seizures, and coma. Levels exceeding 70% are
usually fatal.2,3
Methaemoglobinaemia is classically in the list of
differential diagnosis of cyanosis. However, its clinical
encounter is rare. High index of suspicion is pivotal for
timely diagnosis and treatment. Clinical features that
should raise suspicion of this condition include: cyanosis
which does not improve with oxygen therapy, mild or
absent respiratory or cardiac symptoms; discrepancy in the
SpO2 measured by a pulse oximeter and clinical cyanosis;
chocolate-brown colour blood which does not turn bright
red on exposure to atmospheric oxygen.3 Pulse oximeter is
not reliable in measuring oxygen saturation in patients
with methaemoglobinaemia. The SpO2 measured can be
normal or may plateau at 85% when methaemoglobin level
rises above 35%.4,5 Saturation gap(the difference between
the calculated oxygen saturation from blood gas machine
and the reading from pulse oximetry) of greater than 5%
suggests the diagnosis of abnormal haemoglobin such as
methaemoglobinaemia.3 Definitive diagnosis is made by
co-oximetry, which measures the level of methaemoglobin
in the blood.
Treatment should be started promptly after diagnosis.
Mild cases may resolve with withdrawal of offending drug
or enhanced hydration. Treatment by methylene blue is
indicated in cases with severe symptoms and high
methaemoglobin level.3 The recommended dose is 1-2 mg/
kg administered intravenously over 5 to 10 minutes. 2,6
Improvement is usually seen within minutes and maximum
effect occurs at 30 minutes. Additional doses may be given
after 1 hour if response is inadequate. This treatment should
be avoided in patient with G6PD deficiency as it would
increase the risk of haemolysis and paradoxical
methaemoglobinaemia. Ascorbic acid directly reduces
methaemoglobin, but the rate is too slow when used alone.7
Alternative treatments include hyperbaric oxygen and
exchange transfusion.3,7
I n p a t i e n t s w i t h m e t h ae m o g l o b i n ae m ia , an
underlying cause needs to be identified. Congenital
methaemoglobinaemia is very rare, and is caused by
deficiency of cytochrome b5 reductase or Haemoglobin
M disease. The former is an autosomal recessive disease
with two subtypes, where the enzymatic deficiency is
limited to erythrocytes, or involves all body cells. 7
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Diagnosis can be made by measuring cytochrome b5
reductase activity or genetic studies. Haemoglobin M
disease is an autosomal dominant disease caused by
structural alteration of the haem pocket, where the iron
remains in ferric state. It is diagnosed by electrophoresis
or DNA sequencing.8
Most cases of methaemoglobinaemia are acquired. The
most common culprits are oxidising drugs such as dapsone
and benzocaine. 2 Consumption of well water contaminated
by nitrate is another well-known cause. Diarrhoea has been
reported as an aetiology of methaemoglobinaemia in young
infants.5,9,10 A study performed blood test in 43 infants with
diarrhoea found that 64% had elevated methaemoglobin
levels with a mean level of 10.5%, which may be
subclinical. 9 In a case series of 45 infants with
methaemoglobin associated with diarrhoeal disease, 18%
were diagnosed to have intolerance to cow's milk or soy
protein-based formula.10 One of the proposed mechanisms
for the pathogenesis is that diarrhoea causes bacterial
overgrowth in the intestine, which synthesizes nitrites and/
or nitrates.10,11 Nitrate is converted to nitrite by gut flora,
which promotes formation of methaemoglobin. In patients
with milk-protein sensitivity, altered colonic homeostasis
in nitrate metabolism also plays a role, with increased
nitrate formation by inflammatory cells of the colonic
mucosa, and decreased epithelial catalase activity to
metabolise nitrite. 11 Hence, nitrate level in blood and
excreted in urine is significantly increased. Infants younger
than six months are more prone to methaemoglobinaemia
due to the following reasons: fetal haemoglobin is more
easily oxidised than adult-type haemoglobin; cytochrome
b5-methaemoglobin reductase methaemoglobin reductase
activity is lower compared to adults; and the higher
intestinal pH which promote the over-growth of nitrateproducing bacteria.5,10
Our patient presented with methaemoglobinaemia
associated with diarrhoea and increased urine nitrite
level. The drugs taken by the patient were not known to
i n d u c e m e t h aem o g l o b i n aemia . Wi t h n o h i s t o r y
suggestive of nitrate contamination of water or diet, and
the fact that symptoms resolved on stopping cow's milk
but recurred on re-challenge, the diagnosis was cow's
milk protein intolerance causing diarrhoea-induced
methaemoglobinaemia.
This case illustrates the importance of recognising
methaemoglobinaemia as a rare medical emergency, where
prompt treatment is life-saving and results in good
outcome. A correct diagnosis of the underlying cause will
prevent the relapse of this life-threatening condition.

An Infant with Diarrhoea and Cyanosis
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Case Report
A Rare Tumour in Chinese: The First Reported
Case of Paediatric Uveal Melanoma in Hong Kong
and Literature Review
CH FU, JJT CHAN, HL YUEN, CW LUK

Abstract

Differential diagnosis of paediatric malignant ocular tumour is limited, with retinoblastoma being the
most common among all ethnicities in the world. The incidence of paediatric malignant cutaneous
melanoma among Asians is low and paediatric ocular melanoma is even scarce. We reported the first case
of paediatric malignant ocular melanoma in Hong Kong, a 10-year-old boy with a large localised choroidal
melanoma managed by enucleation uneventfully. Genetic tests for high-risk features were negative. He
remained under close surveillance with no evidence of metastasis 1 year post enucleation.

Key words

BAP1 mutation; Choroidal; Metastasis; Monosomy 3; Uveal melanoma

Introduction
Melanomas are malignant tumours that develop from
melanocytes. They most commonly occur on skin but can
also arise from mucous membranes and the eye including
uvea, conjunctiva, eyelid and orbit. Uveal melanoma
constitutes over 80% of cases of ocular melanoma. They
are primarily reported in White Caucasians, followed by
Hispanics, Asians and rarely in Africans. According to the
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most updated Hong Kong Paediatric Haematology &
Oncology Study Group's childhood cancer registry and
Hong Kong Cancer Registry, this is the first reported case
of malignant choroidal melanoma in a Chinese boy in Hong
Kong.

Case Report
A 10-year-old Chinese boy first presented in February
2017 with right eye localised retinal detachment found
incidentally during routine eye examination. He enjoyed
good past health. He had non-consanguineous parents and
no family history of cancer. Magnetic resonance imaging
(MRI) of the orbit and brain showed a biconvex lesion in
the supero-temporal region of the right vitreous chamber.
It measured 10.7 mm x 9.5 mm (transaxial plane) and
9.3 mm (height). The anterior limit of the lesion lied in
the region of the ora serrata while it was separated from
optic nerve posteriorly. It showed T1-weighted
hyperintensity and marked T2-weighted hypointensity with
subtle contrast enhancement.
He was referred to Hong Kong Eye Hospital (HKEH)
by the private ophthalmologist for management
immediately. However, he did not attend until one year
later in April 2018. By that time, he had developed right
divergent squint for 6 months. His right eye visual acuity
deteriorated to light perception only with a right relative
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afferent pupillary defect. Examination under anesthesia
showed a large retrolental choroidal pigmented mass
arising from the superotemporal quadrant near the ora
serrata. It measured 15.53 mm x 16.04 mm and was
associated with total exudative retinal detachment. Anterior
segment was normal with clear cornea and lens without
iris neovascularisation. Ultrasound biomicroscopy showed
that the tumour was in close proximity to the ciliary body.
No calcification was seen on B-scan ultrasound. The left
eye was normal without intraocular mass. MRI repeated in
April 2018 showed a mass with 'mushroom' configuration
(Figure 1) measuring up to 17.8 mm x 12.3 mm (transaxial
plane) and 18.6 mm (height) with interval increase in size.
It showed heterogenous internal T1 hyperintensity and
marked T2 hypointensity with subtle contrast enhancement
along the medial border of the lesion. Positron emission
tomography and computed tomography (PET-CT) showed
a mildly hypermetabolic nodule (Standardised Uptake
Values max 3.8) in lateral aspect of right globe. There was
no evidence of distant metastasis. He was thus referred to
our paediatric oncology centre for multi-disciplinary
evaluation. Systemic review was negative for metastatic
disease.
The clinical and radiological findings were compatible
with malignant choroidal melanoma with scleral
involvement as per our radiologists review. Differential
diagnoses included other intraocular tumours such as
retinoblastoma, choroidal haemangioma or inflammatory,

infective lesions and haemorrhage. In view of the large
tumour size and very guarded visual prognosis, right eye
enucleation and orbital implant was advised and performed
immediately. Macroscopic examination of the globe
showed a 'Black' endophytic circumscribed tumour
measuring 20 mm x 17 mm (largest dimension) associated
with retinal detachment (Figure 2A). The vitreous cavity
was filled with a dark brownish jelly-like material. Both
the ciliary body and iris were intact. Microscopic
examination confirmed the diagnosis of choroidal
melanoma consisting of diffuse sheets of epithelioid cells
with vesicular chromatin, prominent nucleoli and abundant
eosinophilic cytoplasm filled with melanin (Figure 2B).
The mitotic count was not high at 1 per 10 high power
fields. The tumour showed invasion of the inner layer of
the sclera but no ciliary body involvement. There was no
extra-ocular extension or vascular invasion. The
pathological staging was pT4a (American Joint Committee
on Cancer 7th edition).
Genetic test on tumour tissue and peripheral blood were
performed in Hong Kong (Queen Elizabeth Hospital) and
Canada (ImpactGenetics®). Tests on tumour tissue showed
chromosome 3 disomy and were negative for chromosome
8q gain. Tests on the peripheral blood showed no germline
mutation of the BAP1 Tumour Predisposition Syndrome
gene. These were good prognostic factors indicating a
'lower risk' of systemic metastasis. Nevertheless, we were
very cautious with regular imaging surveillance arranged
for him since metastatic melanoma was associated with
high mortality. Both MRI abdomen and CT thorax in
September 2018 were normal with no metastasis. This
patient was undergoing jointed follow-up by
ophthalmologists and paediatric oncologists. He remained
clinically well with no evidence of metastasis 1 year postenucleation.

Discussion

Figure 1
MRI orbit showing the 'Mushroom' configuration of
the right intraocular mass (T1 post-contrast).

Uveal melanoma is the most common primary malignant
ocular tumour in adults, with a mean age-adjusted
incidence of 1 to 9 cases per 1,000,000 per year. However,
it is rare in the paediatric population. In a study published
by Dr. C.L. Shields with 8033 uveal melanoma patients
from August 1970 to August 2008, only 1% of them were
under 20 years of age.1 In children, uveal melanomas tend
to be smaller in size, less pigmented, more often located
on the iris, further from the optic disc and fovea, and less
extrascleral extension.
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Uveal melanoma most commonly occurs in White
Caucasians. Weis et al performed a meta-analysis to study
the relationship between host susceptibility factors and
incidence of uveal melanoma.2 Light eye colour (Relative
Risk, 1.75), fair skin colour (RR, 1.80) and inability to tan
(RR, 1.64) were statistically significant factors while blond
hair was not. It is postulated that lighter-skinned and light
(blue or grey) coloured eyes may have less melanin in the
choroid and retinal pigment epithelium, leading to less
protection from ultraviolet light with increased risk. Other
susceptible factors include presence of oculodermal
melanocytosis, cutaneous, iris or choroid naevi.
BAP1 (BRCA 1-associated protein 1) is a nuclear protein
encoded by a tumour suppressor gene located on
chromosome 3p21.1. The BAP1 tumour predisposition
syndrome is a hereditary cancer syndrome such that patients
with somatic or germline BAP1 mutation are predisposed
to developing uveal melanoma, malignant mesothelioma,
cutaneous melanoma, basal cell carcinoma and renal cell
carcinoma.3 Mrinali et al reported that germline BAP1
mutation occurred infrequently in uveal melanoma patients
but its presence exhibited larger tumour diameters, higher
rates of ciliary body involvement and higher metastatic
rate compared with controls in univariate analysis.4
Iris melanoma usually presents as a circumscribed mass
(90%) or less commonly, a diffuse infiltrative growth
pattern (10%). It is less common compared to ciliochoroidal
melanoma and is usually diagnosed 10 to 20 years earlier.
Ciliary body and choroidal melanoma may present with
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blurred vision, floaters, visual field loss, visible tumour
or pain but can also be asymptomatic (30%). Ciliary body
melanoma is often diagnosed late since it is obscured by
the iris. The patient may remain asymptomatic until the
lesion become quite large. Choroidal melanoma usually
presents as a dome-shaped (75%) or a mushroom-shaped
mass because of rupture of Bruch's membrane (19%). It
can be pigmented (55%), non-pigmented (15%) or mixed
(30%). Complications include retinal detachment (71%),
intraocular haemorrhage (10%) or extraocular extension
(3%). 5
Mainstay of diagnosis relies on detailed
ophthalmological assessment and investigations
depending on tumour location. These include slip-lamp
examination for iris melanoma and detailed fundus
evaluation by direct and indirect ophthalmoscopy for
ciliochoroidal melanoma. B-scan ultrasound and
ultrasound biomicroscopy delineate the extent, shape and
dimensions of the tumour. Fluorescein angiography and
indocyanine green angiography may help differentiate
melanomas from simulating lesions such as choroidal
haemangioma and neovascularisation. Imaging studies such
as CT and MRI provide important diagnostic information.
On CT orbit, uveal melanoma appears as a hyperdense
lesion with slight to moderate contrast enhancement. On
MRI, melanoma is typically hyperintense on T1 but
hypointense on T2-weighted images. The presence of
contrast enhancement in melanoma distinguishes it from
haemorrhage. PET shows a mildly hypermetabolic lesion.

Figure 2
(A) Macroscopic appearance of the black circumscribed choroidal melanoma; (B) Microscopic appearance of predominantly
epithelioid, heavily-pigmented melanoma cells.
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Occasionally, fine needle aspiration biopsy may be
necessary to confirm the diagnosis, such as in small iris
lesions. Microscopically, tumour cells can be spindle,
epithelioid or mixed shape.
Treatment of uveal melanoma depends on the tumour
location, extent and size, visual acuity on presentation,
and systemic health status of the patient. Small
asymptomatic tumours may be monitored conservatively
unless there is documented growth. The risks and benefits
of treatment versus observation need to be carefully
balanced. Treatment options can be broadly categorised
into thermotherapy, radiotherapy (plaque or external
beam), surgery and a combination of the above (for
example, plaque radiotherapy and transpupillary
thermotherapy). Transpupillary thermotherapy has a
maximum depth penetration of 4 mm and is only suitable
for small choroidal melanomas.5 Plaque brachytherapy is
most commonly used for posterior uveal melanomas and
can be considered in tumours ≤18 mm in diameter &
≤12 mm in thickness.5 The Collaborative Ocular Melanoma
Study (COMS), a multi-center randomised controlled trial,
found no difference in the long-term survival between
plaque brachytherapy and enucleation in medium-sized
tumours.6 Local resection may be considered in melanomas
located in the ciliary body or periphery of choroid.
Enucleation is indicated when tumour is large, presence of
extraocular extension or poor visual potential. Orbital
exenteration is reserved for tumours with extensive
extraocular and orbital extension.
Prognosis of iris melanoma is more favorable than
posterior uveal (ciliochoroidal) melanoma and it is
associated with a five to ten times lower mortality rate.
Posterior uveal melanoma has a high tendency to
metastasise, especially to liver (89%), lung (29%), bone
(17%), skin and subcutaneous tissue (12%) and lymph
nodes (11%). Unfortunately, patients with metastasis have
high mortality rates. Clinical trials on chemotherapy, target
therapy or immunotherapy have not shown effective
adjuvant therapy to reduce the risk of metastasis or improve
survival.7 Older age is associated with a higher risk of
metastasis. To the contrary, lower metastatic rates in
younger patients may be related to smaller tumours, a more
robust immune response and fewer genetic mutational
events within the melanoma. Cytogenetics and tumour size
(largest basal diameter and thickness) are the two most
important clinical predictors of metastasis and hence
prognosis in posterior uveal melanoma. Large tumours
(>8 mm thickness & >15 mm basal diameter) have an
estimated 5-year mortality rate of around 50%, when

compared to small tumours (<2 or 3 mm tumour thickness
& <10 or 11 mm basal diameter) at 16%.8 Each millimeter
increase in tumour thickness is estimated to result in a 5%
increase in metastatic risk at 10 years. 9 Aberrations in
chromosomes 1, 3, 6, and 8 have been shown to
prognosticate the risk of tumour metastasis and survival.
Monosomy 3 signifies a high-risk melanoma with a higher
incidence of clinical and histopathologic risk factors, such
as larger tumour, ciliary body tumour location, extraocular
extension. The 3-year mortality rate is 50% compared with
0% without monosomy 3. 10 BAP1 mutation is also
associated with an increased risk of metastasis. In addition,
uveal melanoma can be broadly divided into 2 distinct
molecular classes (Class 1 and 2) by gene expression
profiling. 11 Most Class 1 tumours have disomy 3,
chromosome 6p gain and are considered low-risk tumours.
In contrast, most, if not all Class 2 tumours have monosomy
3 and are high-risk aggressive tumours with increased rates
of metastasis and melanoma-related mortality.

Conclusion
Our patient illustrates a rare but challenging case of
paediatric tumour which is especially uncommon in our
locality and among Asians. Retrospectively, early
intervention might have allowed globe salvage therapy
when he first presented. Unfortunately, he required
enucleation as the tumour had grown too large by the time
he sought treatment after becoming symptomatic.
Fortunately, his tumour's genetic profile was favorable and
associated with a lower-risk of metastasis. Nonetheless,
regular surveillance by ophthalmologists and paediatric
oncologists will remain a crucial part of his management
in the future. There is no clinical telltale sign to suggest
this rare tumour. Therefore, I would recommend an early
detailed ophthalmological assessment when patient first
aware of symptom.

Acknowledgement
The authors sincerely thank pathologist, Dr. Cheuk Wah
for providing the precious slide images.

Declaration of Interest
The authors declare that there is no conflict of interest.

Fu et al

References
1.

2.

3.
4.

5.
6.

Shields CL, Kaliki S, Furuta M, Mashayekhi A, Shields JA. Clinical
spectrum and prognosis of uveal melanoma based on age at
presentation in 8,033 cases. Retina 2012;32:1363-72.
Weis E, Shah CP, Lajous M, Shields JA, Shields CL. The association
between host susceptibility factors and uveal melanoma: a metaanalysis. Arch Ophthalmol 2006;124:54-60.
Carbone M, Yang H, Pass HI, Krausz T, Testa JR, Gaudino G.
BAP1 and cancer. Nat Rev Cancer 2013;13:153-9.
Mrinali PG, Anne ML, Margaret MDA, et al. Clinical Characteristics
of Uveal Melanoma in Patients With Germline BAP1 Mutations.
JAMA Ophthalmology 2015;133:881-7.
Kaliki S, Shields CL. Uveal melanoma: relatively rare but deadly
cancer. Eye (Lond) 2017;31:241-57.
Collaborative Ocular Melanoma Study Group. The COMS
randomized trial of iodine 125 brachytherapy for choroidal

239

melanoma: V. Twelve-year mortality rates and prognostic factors:
COMS report No. 28. Arch Ophthalmol 2006;124:1684-93.
7. Yang J, Manson DK, Marr BP, Carvajal RD. Treatment of uveal
melanoma: where are we now? Ther Adv Med Oncol 2018;10:117.
8. Diener-West M, Hawkins BS, Markowitz JA, Schachat AP. A
review of mortality from choroidal melanoma. II. A meta-analysis
of 5-year mortality rates following enucleation, 1966 through
1988. Arch Ophthalmol 1992;110:245-50.
9. Shields CL, Furuta M, Thangappan A, et al. Metastasis of uveal
melanoma millimeter-by-millimeter in 8033 consecutive eyes. Arch
Ophthalmol 2009;127:989-98.
10. Prescher G, Bornfeld N, Hirche H, Horsthemke B, Jockel KH,
Becher R. Prognostic implications of monosomy 3 in uveal
melanoma. Lancet 1996;347:1222-5.
11. Onken MD, Worley LA, Ehlers JP, Harbour JW. Gene expression
profiling in uveal melanoma reveals two molecular classes and
predicts metastatic death. Cancer Res 2004;64:7205-9.

HK J Paediatr (new series) 2019;24:240-244

Case Report
Arterial and Venous Thrombosis in a Chinese Boy with
Hypereosinophilic Syndrome
CH WONG, SY HA, PCY CHONG, JS ROSA DUQUE

Abstract

A 16-year-old Chinese boy presented with multiple tender subcutaneous nodules and erythematous pruritic
rashes over bilateral lower limbs. Investigation showed markedly elevated circulating eosinophils
(7.35x109/L) and positive lupus anticoagulant. Doppler ultrasound and positron emission tomography
scan revealed extensive venous thromboses and arterial insufficiency. The diagnosis of idiopathic
hypereosinophilic syndrome with multiple end-organ involvement was established after exclusion of
possible infectious, allergic and oncologic causes. Symptoms resolved after treatment that included lowmolecular-weight heparin, corticosteroid and azathioprine. Here we describe the variable manifestations
of hypereosinophilic syndrome and its associated features.

Key words

Hypereosinophilia; Lupus anticoagulant; Thrombosis; Vasculitis

Introduction
Hypereosinophilic syndrome is notorious for its
heterogeneous manifestations and any organ system can
be involved. Vasculitis and thrombosis, if they occur, can
be life-threatening. The presence of lupus anticoagulant
may further increase the risk of thrombotic events. Here we
describe a case involving a Chinese child who developed

Department of Paediatrics and Adolescent Medicine,
Pamela Youde Nethersole Eastern Hospital, 3 Lok Man
Road, Chai Wan, Hong Kong SAR
CH WONG

MBBS, MRCPCH

Department of Paediatrics and Adolescent Medicine,
Queen Mary Hospital, Li Ka Shing Faculty of Medicine,
The University of Hong Kong, Pokfulam, Hong Kong SAR
SY HA
PCY CHONG
JS ROSA DUQUE

MBBS, FHKAM, FRCPCH
MBBS, FHKAM, FRCPCH
MD, PhD, FACAAI

Correspondence to: Dr JS ROSA DUQUE
Email: jsrduque@hku.hk
Received May 5, 2019

this rare disease entity complicated by vasculitis and
thrombosis, which was managed with anticoagulation
therapy, corticosteroid and then azathioprine.

Case Presentation
A 16-year-old Chinese boy from Hong Kong with a past
history of childhood allergic rhinitis and asthma presented
with 3 months of bilateral ankle swelling and multiple
indurated lesions under the skin of his thigh, with overlying
erythema. There was no travel history and he denied
consumption of exotic foods, unsanitary water, over-thecounter medications or herbal supplements. This was
treated as cellulitis with several courses of antibiotics
consisting of oral amoxicillin-clavulanate, ceftriaxone and
ceftazidime. Subsequently, he developed tingling and
numbness at his left middle fingertip.
The patient was admitted for progressive symptoms and
a low-grade fever of 38.1°C. Physical examination revealed
multiple tender, erythematous indurations over bilateral
calves and thighs and increased warmth. The largest
induration was up to 3 cm x 3 cm. Additionally, there was
increased warmth, tenderness and effusion of his left knee.
Bilateral inguinal lymph nodes were enlarged.
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Laboratory results revealed leukocytosis (14.6x109/L)
with marked eosinophilia (7.35x10 9 /L), and normal
haemoglobin concentration and platelet count. Liver and
renal function was normal. Inflammatory markers were
elevated (C-reactive protein: 13.4 mg/L, or 127.6 nmol/L;
erythrocyte sedimentation rate: 12 mm/hr). Cultures from
the blood and knee synovial fluid were negative, and the
knee aspirate had white cells of 1+. Immunoglobulin E
(IgE) was markedly elevated at 10,100 IU/ml. Autoimmune
markers including C3, C4, rheumatoid factor, anti-cyclic
citrullinated peptide, anti-cardiolipin, antinuclear
antibodies and antineutrophil cytoplasmic antibodies were
within the normal ranges, but lupus anticoagulant was
detectable. His clotting profile was slightly deranged
(prothrombin time 15.5 sec N: 10-12.3 sec; APTT 41.6 sec
N: 28.2-38.2 sec). Levels of protein C, protein S, antithrombin III, and tryptase (3.2 µg/L N: <11.4 µg/L) and
urinanalysis were unremarkable.
The patient began to have spikes of high fever and night
sweats. Numbness over his fingertips became more
apparent and gangrene later developed over multiple
fingertips. The right radial, bilateral posterior tibial and
right dorsalis pedis pulses became non-palpable. There was
also superficial thrombophlebitis of his left great
saphenous vein and left small saphenous vein, which
presented as hardened and tender veins (Figure 1).
To assess the extent of end-organ involvement, biopsy
of an inguinal lymph node showed reactive lymphoid
hyperplasia with a component of dermatopathic
lymphadenopathy. Skin biopsies of the left calf and thigh
lesions showed dermal, subcutaneous peri-vascular and

Figure 1
Superficial thrombophlebitis of the patient's left great
saphenous vein: a non-tender, non-collapsible and hardened left
great saphenous vein (red arrow).

241

peri-adnexal mature eosinophilic infiltration, with focal
micro-thrombus and angiitis. There was no evidence of
malignancy, flame figures or granuloma.
Positron emission tomography scan showed vasculitis
involving both lower extremities. There were
subcutaneous oedema and skin thickening with increased
fludeoxyglucose-F-18 activity, probably inflammatory
in nature. There were also multiple mildly active lymph
nodes in the lower limbs and increased bone marrow
activity. An artery duplex scan of the lower limbs
revealed thromboses of the bilateral ulnar and right
radial arteries, and very limited flow to both tibial
arteries. Ultrasound of the lower limbs showed deep vein
thrombosis (DVT) in one of the peroneal veins in the
left mid-calf and superficial thrombophlebitis of the left
great and small saphenous veins.
A comprehensive microbiological investigation was
negative, including stool examination for ova and cyst,
serum microfilaria culture and antibodies against
Penicillium marneffei, Aspergillus, Coccidioides,
Histoplasma, Blastomyces and Cryptococcus spp. Viral
serologies for human immunodeficiency virus,
cytomegalovirus, parvovirus, Epstein-Barr virus, hepatitis
B virus and hepatitis C virus were negative. Acid-fast
bacillus smear and culture in the stool and urine were
negative. Bone marrow examination revealed
megakaryocytic hyperplasia with marrow eosinophilia (the
eosinophil and their precursors counts were up to 19%)
and a blast count of up to 1.2%. Trephine biopsy
demonstrated slight marrow eosinophilia but no abnormal
cellular infiltration. Fluorescence in situ hybridisation of
the bone marrow showed an absence of FIP1L1 and
platelet-derived growth factor receptor (PDGFR) A and B
rearrangement. Flow cytometry showed no clonal
expansion of lymphocytes.
For his vasculitis and venous thromboses, the patient
was started on oral prednisolone 30 mg twice daily and
subcutaneous tinzaparin 11,000 IU daily, which was later
tapered to 9,000 IU daily according to serum anti-Xa level
monitoring. Nifedipine 5 mg four times daily and
dipyridamole 100 mg three times daily were given for his
arterial insufficiency.
After commencement of corticosteroid therapy, his
eosinophilia resolved the next day, followed by a fall in
IgE levels. Lupus anticoagulant became negative. His
arterial insufficiency gradually improved, and ultrasound
of his lower limbs showed recanalisation of the previous
thrombosed veins. Oral azathioprine 100 mg daily was
added as a steroid-sparing agent one month later while the
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corticosteroid was tapered down slowly, and he is currently
on prednisolone 5 mg on alternate days. Tinzaparin was
discontinued after 6 months. The child is followed up
regularly with monitoring of his eosinophil counts, IgE
levels and inflammatory markers.

Discussion
Manifestations of Hypereosinophilic Syndrome

In 2012, a consensus on the criteria of eosinophilic
disorders was made, and hypereosinophilic syndrome
(HES) was defined by 1) persistent peripheral blood
eosinophilia of ≥1.5 x109/L (1500/mm3) on 2 examinations
(with an interval of ≥1 month apart) and/or tissue
hypereosinophilia, 2) with the absence of a secondary cause
3) and evidence of eosinophil-associated end-organ
damage.1 This disorder rarely occurs in children, and the
cause is often secondary. Atopic dermatitis and graftversus-host disease are the two most commonly associated
conditions.2 Our patient fulfilled these criteria based on
peripheral eosinophilia and vascular infiltration of
eosinophils, complicated by vasculitis and thrombosis.
Secondary causes were ruled out after workup by multiple
paediatric subspecialists.
The manifestations of HES can be heterogeneous and
any organ system can be involved. Ogbogu and colleagues
reviewed 188 patients from 11 institutions who met the
criteria for HES and they found a male predominance of
55%, with a median age at diagnosis of 45 years old (range:
6-85 years).3 There was a mean peak eosinophil count of
6.6x109/L. The most common presentation of HES involves
the dermatologic (37%), followed by pulmonary (25%)
and gastrointestinal (14%) systems. Other systems include
rheumatologic, cardiac, neurologic and hematologic
(including DVT and superficial thrombophlebitis), while
<6% of patients were asymptomatic. However, only
occasional cases of peripheral vascular involvement and/
or thrombotic complication have been reported.4,5
Eosinophilia, Lupus Anticoagulant and Thrombosis

The precise mechanism underlying thrombosis
associated with eosinophilia is unclear. It is known that
eosinophils secrete tissue factor (TF) and major basic
protein (MBP). TF activates the clotting cascade, and MBP
stimulates platelet aggregation and inhibit vascular
endothelial thrombomodulin. 6 Recently, two groups
reviewed HES-related arterial vasculitis. 4,5 Male
predominance was a common finding. Complications

included limb ischaemia requiring amputation, mesenteric
ischaemia, stroke, DVT and pulmonary thromboembolism.
As such, prompt anticoagulation treatment is paramount.
In addition to his significant eosinophilia, our patient
had circulating lupus anticoagulant that likely further
contributed to thrombosis. Lupus anticoagulants are
thrombogenic autoantibodies and act via several pathways
that may ultimately result in increased tissue factor
expression by monocytes and endothelial cells, platelet
activation, thromboxane release, fibrin polymerization, a
decrease in fibrinolysis and inhibition of natural
anticoagulants.7 Ames et al reviewed 12 cases of different
disease identities including infective causes, antiphospholipid syndrome, eosinophilic granulomatosis with
polyangiitis and HES with co-existing eosinophilia and
anti-phospholipid antibodies.8 Ten patients suffered from
vascular occlusions and ischaemic stroke. The exact
mechanism of this phenomenon and the association
between HES and elevated lupus anticoagulants are not
yet fully understood. We speculate that our patient's
lupus anticoagulants became absent due to the
immunosuppressive effects of corticosteroids and
azathioprine.

Management
T h e Wo r l d H e a l t h O rg an i z a t i o n r e v i s e d t h e
classification of eosinophilic disorders in 2017.9 After
ruling out reactive causes of eosinophilia, treatment is
primarily dependent on the type of eosinophilic
disorder according to the classification scheme (Figure
2). In the case of clonal eosinophilia with FIP1L1PDGFRA (FP-positive) or PDGFRA/PDGFRB
rearrangements, imatinib is the first-line option and
corticosteroid should also be added for patients with
cardiac involvement. 9 Corticosteroid therapy is the
mainstay treatment for hypereosinophilia in FP-negative
clonal eosinophilia, lymphocyte variant and idiopathic
HES. Hydroxyurea may be used in conjunction with
corticosteroid for non-responders. The most appropriate
dose and the duration of treatment remain controversial.
The novel anti-IL-5 therapy (benralizumab) has recently
completed a phase 2 trial for PDGFRA-negative HES
with promising results. 10
Prednisolone was started for our patient and tapered
down according to his decreasing eosinophil counts, while
an anticoagulant was given for 6 months until complete
resolution of his thrombosis. Azathioprine was added as a
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steroid-sparing agent. Anti-IL-5 therapy was reserved as a
second-line treatment if his symptoms remained
refractory.

treatment for FP-negative HES. Our patient's disease is
currently in remission with sustained resolution of his
eosinophilia and thrombosis.

Conclusion

Ethical Approval

Hypereosinophilia can lead to vasculitis and the
presence of lupus anticoagulant may further aggravate the
associated thrombosis. This combination, although rare,
can occur such as for our patient and may result in
significant morbidity or mortality. Early identification and
treatment can prevent loss of limb(s) and life-threatening
complications. Corticosteroid therapy is the mainstay
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Figure 2
The recommended therapies for hypereosinophilia are dependent on results from following the diagnostic algorithm (PDGFRA,
platelet-derived growth factor receptor alpha gene; PDGFRB, platelet-derived growth factor receptor beta gene; FGFR1, fibroblast growth
factor receptor 1; JAK2, Janus kinase 2; IFN-alpha, interferon-alpha).
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Case Report
A Rare Case of Mucosa-associated Lymphoid Tissue (MALT)
Lymphoma in a Child with Sjögren's Syndrome Presenting
with Parotid Mass and Subglottic Stenosis
TWY CHEUNG, CH LI, TL KU, SY LAM, SN WONG

Abstract

Sjögren's syndrome is a chronic inflammatory autoimmune disorder characterised by lymphocytic
infiltration and destruction of the salivary and lacrimal glands by auto-antibodies. Although considered
a benign disease, it is associated with a range of complications manifested in multiple organ systems and
even higher risk for developing lymphoma, one of which is mucosa-associated lymphoid tissue (MALT)
lymphoma. It is a rare complication and predominantly occurs in adults, with limited reports in the
paediatric population. We report a case of MALT lymphoma presenting with a left parotid mass and
subglottic stenosis in a 13-year-old girl with known history of Sjögren's syndrome. Although cases of
children with Sjögren's syndrome have been reported, the development of MALT lymphoma in children
presenting with subglottic stenosis is rarely reported. Clinicians should be alerted for the possibility of
malignant infiltration.
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Introduction
Marginal zone lymphomas (MZL) are mature B-cell
lymphomas. They account for a small percentage of nonHodgkin lymphomas. There are 3 main types of marginal
zone lymphomas, namely nodal MZL, splenic MZL and
mucosa-associated lymphoid tissue type (MALT)
lymphoma. The MALT lymphoma comprises 7-8% of all
B-cell lymphomas.1
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Most cases of MALT lymphoma occur in adults with
a median age of 60 and in mucosa-associated lymphoid
tissue, including the orbit, conjunctiva, salivary glands,
skin, thyroid gland, lungs, stomach, and intestine. 2
Patients with certain autoimmune diseases, such as
Sjögren's syndrome or Hashimoto thyroiditis and
Helicobacter pylori associated chronic gastritis, are at
increased risk of developing MALT lymphoma.
Subglottic stenosis is a narrowing of the subglottic
airway and is clinically manifested as dyspnoea and
stridor. Although an uncommon condition in children,
there is a wide range of underlying aetiology accounting
for subglottic stenosis; it can be attributed to in-utero
congenital malformations or acquired conditions such
as post traumatic due to prolonged intubation and
ventilation, post infective, and some cases with cause
undetermined. 3
We report a paediatric patient with a known history
of Sjögren's syndrome, presenting with upper airway
obstruction symptoms, subsequently found to show
subglottic stenosis due to MALT lymphoma involving
the airway.
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Case Report
A 13-year-old Chinese girl presented to the paediatric
clinic for two-year history of a left parotid mass and
xerophthalmia. Examination revealed a 2-cm firm
mass in the left parotid region. Lymphadenopathy,
hepatosplenomegaly, and other joint abnormalities were
absent on physical examination. Further investigations
including ultrasound scan of the parotid revealed chronic
parotitis changes. Serological tests showed a positive
ANA serology titre of 2560 (normal <40), positive
rheumatoid factor IgM, anti-La and anti-Ro antibodies.
The diagnosis of Sjögren's syndrome was confirmed with
salivary gland biopsy and positive Schirmer's test.
Subsequently the girl complained of shortness of breath
and decreased exercise tolerance for a few weeks. She had
neither stridor nor hoarseness. Fiber-optic laryngoscopy
revealed subglottic stenosis occupying approximately 50%
narrowing of the lumen with an indistinct lower border.
Contrast computed tomography scans demonstrated

Figure 1

circumferential mural thickening of trachea involving the
inferior aryepiglottic folds, glottic and subglottic regions,
extending approximately 3 cm in length leading to airway
narrowing (Figure 1). A 3.4 cm x 2.2 cm x 3.2 cm solid
enhancing area was suspicious of a mass in superficial left
parotid gland. Baseline spirometry revealed fixed upper
airway obstruction pattern. Bronchoscopy performed
several weeks after the first airway assessment showed
subglottic stenosis with suspected increase in severity of
obstruction (Figure 2). With the severity of the obstruction,
the bronchoscope was not passed further beyond the site
of stenosis. The differential diagnosis of Wegener's
granulomatosis was unlikely due to negative results for
serum anti-neutrophil cytoplasm antibody assay.
Sjögren's syndrome with subglottic involvement was an
unusual presentation. A biopsy of the parotid mass and
subglottic mass was performed. Histopathologic
examination of the parotid tissue showed dense infiltration
of lymphoid cells with almost complete acinar destruction
and few remaining ductal structures. In most areas, the

Computed tomography scan showing subglottic stenosis in different views.
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lymphoid infiltrate comprised of small sized lymphocyte
with pale cytoplasm and twisted irregular nuclei consistent
with cells with marginal zone differentiation. These cells
grew in thick pale bands around residual ductal structures,
which were also infiltrated by those lymphoid cells
forming lymphoepithelial lesions. Immunohistochemical
stains confirmed that the thick bands of small lymphoid
cells are CD20+B cells, which were BCL2+, CD10-, and
BCL6-. They did not co-express CD5, CD23 or CD43.
The findings were in keeping with an extranodal marginal
zone B cell lymphoma (MALT lymphoma). No large cell
transformation was seen. The sections of fragments
obtained from subglottic region showed submucosa
infiltrated by a dense lymphoid infiltrate. Immunostain
showed prominently B cells (CD 20+) with features similar
to the biopsy specimen of left parotid gland. No
lymphoepithelial lesion was seen. The dense B cell
infiltrate were characteristic of marginal zone B cell
lymphoma.
Positron emission tomography (PET) scans revealed an
abnormal mass measuring 3.6 cm x 2 cm at the left parotid
gland with elevated FDG uptake (SUV max=6.3).
Thickening with FDG uptake is noted over the vocal cord.
A bone marrow biopsy revealed no evidence of lymphoma
infiltration.
The chemotherapy regimen (R-CHOP) containing
rituximab, cyclophosphamide, doxorubicin and
prednisolone was commenced. Prompt clinical response
noted with examination showing shrinkage in size of the
left parotid mass and relief of respiratory symptoms after
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the initial course of chemotherapy. After the second course
of chemotherapy, the spirometry showed the peak
inspiratory flow improved from 1.92 L/sec to 5.41 L/sec
and the FEV1 (% predicted) improved from 54.5% before
treatment to 95%. CT thorax demonstrated significant
interval shrinkage of the enhancing lesion of the left parotid
gland. 3D virtual reconstruction of the airway and lungs
showed that the airway was no longer narrowed with
resolution of the previously seen wall thickening along
glottic and subglottic region. Lung function testing
revealed a normal spirometry, lung volume and DLCO.
There was no longer evidence of upper airway obstruction
as previously seen on flow volume loops.
A total of 6 courses of chemotherapy were given. The
end-of-treatment whole body PET scan showed resolution
of previously detected FDG-avid mucosal thickening at the
nasopharynx. No sizable mass lesion of abnormal FDG
uptake was noted. There was also an interval reduction in
size and metabolic activity of the hypoenhancing lesion at
the left parotid region, measuring 2.35 cm x 1.79 cm (SUV
max =1.5). This lesion further regressed and was not
visible in the follow up PET scan performed 6 months later.
Reassessment bronchoscopy was performed at 1 month
after completion of treatment. The subglottis was of
normal caliber and the rest of the airway was unremarkable.
Lung function studies performed 4 months after
completion of chemotherapy were also unremarkable. The
patient remained disease free at 4 years post-treatment
follow up.

Discussion

Figure 2

Subglottic stenosis demonstrated on bronchoscopy.

Sjögren's syndrome is a chronic inflammatory
autoimmune disorder characterised by lymphocytic
infiltration and destruction of the salivary and lacrimal
glands by autoantibodies, resulting in xerostomia and
keratoconjunctivitis sicca. Up to 4 to 10% of the patients
suffering from Sjögren's syndrome are at risk for
developing lymphoma, the majority being MALT
lymphoma. The risk is believed to be approximately 44
times that seen in the general population.4 Nevertheless,
the incidence of MALT lymphoma in the paediatric
population is uncommon.2,5,6
Despite observation that MALT lymphomas are
commonly derived from a background of chronic
inflammatory disorders, including autoimmune diseases,2
in a large review of MALT lymphoma in children in 2004,7 of
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the 15 report cases with salivary gland MALT lymphoma,
none had an associated history of Sjögren's syndrome, or
other autoimmune disorders. One recent article reported
on two cases of MALT lymphomas arising in the parotid
glands of two teenagers with Sjögren's syndrome.
Likewise, subglottic stenosis is a rare condition in
children. There is a wide range of underlying aetiology
accounting for subglottic stenosis; it can be attributed to
in-utero congenital malformations or acquired conditions
such as post traumatic due to prolonged intubation, post
infective, some cases the cause remains undetermined. Few
case reports have described MALT lymphoma presenting
with subglottic stenosis but all beyond the paediatric
population.8-10
Sjögren's syndrome complicated with MALT lymphoma
presenting with subglottic stenosis have not been well
documented previously in paediatric population according
to a Pubmed search in the English language prior to 2018.
Pubmed search using keywords including "Sjögren's
syndrome", "upper airway OR subglottic OR trachea",
"subglottic stenosis" yielded 21 citations (only 4 relevant
and 1 in Japanese) but all of which mentioned case reports
of the elder population.4,8,9 Until recently, Pubmed search
yielded two similar cases reported in July 2019 of MALT
lymphoma in a 15 year old child with Sjögren's syndrome.10
This case report describes one of the first few cases of
patients with history of Sjögren's syndrome presenting with
subglottic stenosis in our locality, subsequently proven
to be MALT lymphoma of the subglottis.
Most MALT lymphomas in adult patients are treated
conservatively, by surgery or local radiotherapy for early
stage cases. Chemotherapy is reserved for disseminated
diseases. 6 In the paediatric age group regardless of an
association with Sjögren's syndrome, the consensus of
treatment is lacking. Most clinicians follow the experience
from adult series. Majority of MALT lymphoma in adults
have an indolent clinical course and prognosis is usually
favourable, with 5-year overall survival reported between
86% and 95%.6
Paediatric marginal zone lymphoma (be it nodal or
extranodal) also shows very good prognosis. In our case,
prompt treatment with chemotherapy showed rapid
response and good outcome and remain disease free since
treatment.

Conclusion
Although rare, it is important to recognise MALT
lymphoma as a developing complication in paediatric
population with Sjögren's syndrome and it may present
insidiously with subglottic stenosis causing significant
symptoms. This was previously not reported in children.
Early recognition is important for initiating prompt
treatment, as the condition tends to show good and rapid
clinical response to chemotherapy with favourable and
lasting outcomes.
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MCQs
Instruction:
1. Please use pencil to shade the box for the best and correct answer (only one answer for each question).
2. Send back the answer sheet (see loose leaf page) to the Hong Kong College of Paediatricians. One point will be awarded
to each article if ≥3 of the 5 answers are correct. The total score of the 4 articles will be 4 CME points.

(A) Treatment Outcome for Therapy-related
Myeloid Neoplasm in Children
1. What is the usual time interval between primary cancer
and therapy-related myeloid leukaemia?
a. 3 to 6 months
b. 1- 5 years
c. 6-10 years
d. 10-20 years
e. >10-20 years
2. The 5-year event-free survival of de novo acute myeloid
leukaemia is about
a. 10%
b. 90%
c. 80%
d. 30%
e. 60%
3. The 5-year event-free survival of therapy-related myeloid
neoplasm is about
a. 10%
b. 90%
c. 80%
d. 40%
e. 70%
4. Which of the following belongs to therapy-related
myeloid neoplasm?
a. Acute myeloid leukaemia
b. Acute lymphoblastic leukaemia
c. Malignant brain tumour
d. Osteosarcoma
e. Rhabdomyosarcoma

5. Which of the following is a treatment option of therapyrelated myeloid neoplasm?
a. Salvage chemotherapy with allogeneic stem cell
transplantation
b. Observation and wait for remission
c. Surgical excision
d. Salvage chemotherapy and observation after
remission
e. Radiotherapy
(B) Overview of Treatment of Childhood Acute
Lymphoblastic Leukaemia in Hong Kong
1. Which of the following is the most common childhood
malignant disease entity?
a. Osteosarcoma
b. Acute myeloid leukaemia
c. Acute lymphoblastic leukaemia
d. Chronic myeloid leukaemia
e. Central nervous system (CNS) germinoma
2. The 5-year event-free survival (EFS) of standard risk
acute lymphoblastic leukaemia (ALL) is about
a. 30%
b. 50%
c. 60%
d. 90%
e. 100%
3. The main treatment modality of acute lymphoblastic
leukaemia is
a. Chemotherapy
b. Radiotherapy
c. Allogeneic stem cell transplantation
d. Observation
e. Plasmapheresis
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4. The approximate duration of treatment of acute
lymphoblastic leukaemia is about
a. 3 months - 6 months
b. 6 months - 12 months
c. 12 months - 18 months
d. 18 months - 24 months
e. 24 months - 30 months
5. Which of the following is NOT a known long term
complication of acute lymphoblastic leukaemia?
a. Risk of second malignancies
b. Osteoporosis
c. Risk of diabetes mellitus / impaired glucose tolerance
d. Diabetes insipidus
e. Avascular necrosis of bone
(C) Long-term Therapy Related Side Effect on
Endocrine System Among Paediatric Survivors
with Brain Tumour and Acute Lymphoblastic
Leukaemia
1. Which of the following statements is correct?
a. Endocrine complications were observed to be more
common among survivors of childhood leukaemia
than brain tumour
b. Endocrine complications were observed to be more
common among survivors of brain tumour than
childhood leukaemia
c. Endocrine complications were rare in brain tumour
survivors
d. Endocrine complications were rare in childhood
leukaemia survivors
e. A m o n g a l l t h e b r a i n t u m o u r s p a t i e n t s ,
craniopharyngioma patients had the lowest incidence
of endocrine complication
2. Which of the following endocrine conditions is the
commonest among leukaemia and brain tumour
survivors?
a. Hypothyroidism
b. Adrenal insufficiency
c. Growth hormone deficiency
d. Diabetes mellitus
e. Hypogonadism
3. Which of the following conditions had the lowest
incidence of endocrine complications?
a. Leukaemia
b. Ependymoma
c. Craniopharyngioma
d. Medulloblastoma
e. Germ cell tumour

4. What are the risk factors for the development of
hypogonadism:
1. Use of alkylating agent
2. Total body irradiation (TBI)
3. Use of steroids
a. 1 only
b. 2 only
c. 3 only
d. 1 & 2 only
e. All of the above
5. Which of the following statements about growth
hormone deficiency is/are correct?
a. Cranial radiotherapy was observed to be a risk factor
for the development of growth hormone deficiency.
b. Use of alkylating agent was observed to be associated
with the development of growth hormone deficiency.
c. Growth hormone deficiency was the commonest
endocrine complication observed in childhood
leukaemia survivors.
d. All of the above
e. None of the above
(D) Comparison on Treatment Outcomes on
Paediatric Acute Promyelocytic Leukaemia: ICC
APL 2001 Versus HKPHOSG AML 1996 Protocol
1. Which of the following is a unique presentation in acute
promyelocytic leukemia (APL) that is not commonly
seen in other types of myeloid leukaemias?
a. Anaemia
b. Coagulopathy
c. Hepatosplenomegaly
d. Hyperleucocytosis
e. Tumour lysis syndrome
2. What is the most useful investigation in confirming the
diagnosis of APL promptly in emergency situation?
a. Bone marrow aspirate for cytogenetic study
b. Bone marrow trephine biopsy for morphology
c. Immunophenotyping by flow cytometry
d. Molecular study for PML-RAR fusion transcripts
e. Peripheral blood smear for promyelocytes
3. Once diagnosis of APL is confirmed, which of the
following therapeutic agents should be given promptly
to improve the outcome of disease?
a. All trans retinoic acid (ATRA)
b. Dexamethasone (Dexa)
c. L-asparaginase (L-asp)
d. Methotrexate (MTX)
e. Vincristine (VCR)
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4. When patients with APL develop treatment-related
differentiation syndrome, what would be the evidencebased first line management?
a. Anti-pyretics
b. Antibiotics
c. Inotropes
d. Diuretics
e. Steroid

5. What is the major cause of death of patients with APL?
a. Disease refractoriness to conventional chemotherapy
b. Early relapse despite aggressive treatment
c. Late relapse non-salvageable by haemopoietic stem
cell transplant
d. Lethal haemorrhage at initial presentation
e. Secondary malignancies related to cytotoxic use

Answers of July issue 2019
(A)

1. a; 2. e; 3. e; 4. c; 5. a

(C)

1. e; 2. d; 3. b; 4. c; 5. c

(B)

1. c; 2. d; 3. e; 4. b; 5. b

(D)

1. d; 2. c; 3. b; 4. b; 5. d
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