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Abstract

Acute promyelocytic leukemia (APL) represents 5%–10% of childhood acute mye-

loid leukemia (AML) and is the most curable subtype of AML. Fanconi anemia

(FA) is one of the most common inherited bone marrow failure syndromes caused

by biallelic pathogenic variants (PV) in specific DNA-repair genes. Biallelic PVs in

FANCD1/BRCA2 (FA-D1) account for 3% of FA and are associated with early-onset

leukemia and a high risk of solid tumors. We report a 4 year-old boy from non-

consanguineous parents diagnosed with standard risk APL. This child had café-au-

lait spots and an extra thumb remnant. Genomic sequencing revealed two PV in

FANCD1/BRCA2 confirming a diagnosis of FA-D1. Chromosomal breakage studies

were compatible with FA. Each parent carried one variant and had no personal his-

tory of cancer. Morphological then molecular remissions were achieved with all-

trans retinoic acid and Arsenic trioxide. This patient underwent haploidentical stem

cell transplant. In addition to our patient, a literature search revealed four additional

patients with APL/FA, with a total of three patients with FA-D1. This raises the

possibility of an association between such rare disorders. Practical management of

APL in the setting of FA-D1 is discussed with an overview of current evidence and

knowledge gaps.
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1 | INTRODUCTION

Acute promyelocytic leukemia (APL) represents 5%–10% of pediat-

ric acute myeloid leukemia (AML).1 It is characterized by the bal-

anced translocation t(15;17)(q24.1;q21.2), leading to PML-RARA

fusion gene.2 Advances in therapy with the combined use of all-

trans retinoic acid (ATRA) and arsenic trioxide (ATO) have improved

outcomes for patients with APL in the past several decades, with

an average overall survival of 94% and event-free-survival of 90%.3

A variety of cancer predisposition syndromes have been found in

approximately 4% of AML,4 including Down syndrome, Fanconi

anemia, and several other bone marrow failure syndromes, without

specific data for APL.

Fanconi anemia (FA) is a rare genetic disorder characterized by

congenital anomalies, progressive bone marrow failure, and increased

risk for malignancy, particularly myeloid malignancies as well as solid

tumors such as head and neck squamous cell carcinomas (HNSCC). The

diagnosis of FA is established by demonstrating increased chromosome

breakage on cytogenetic testing of lymphocytes with standard concen-

trations of diepoxybutane (DEB) and mitomycin C, and/or with germ-

line DNA sequencing revealing pathogenic variants (PV) in FA-related

genes. Currently, PV in 23 genes are known to be associated with

FA. Certain genotype–phenotype correlations are highlighted in FA,

notably with FA related to biallelic variants in BRCA2/FANCD15

(FA-D1). Biallelic PV in FANCD1/BRCA2 account for 2%–3% of all

known cases of FA.6 In this particular subtype, there is an extremely

high risk for early-onset acute leukemia and solid embryonal tumors,

predominantly Wilms tumor, medulloblastoma, and neuroblastoma.7,8

The cumulative incidence of any malignancies reaches 76% to 97% in

pediatric age.7,9 This unique tumor spectrum is also seen in FA associ-

ated with biallelic PV in FANCN/PALB2 gene.10,11

In this case report, we describe a child presenting with APL prior

to recognition of a diagnosis of FA-D1. We also review the literature

on the association between these two rare conditions and the overall

clinical management strategy for this child.

2 | CASE REPORT

A four-year-old boy, from non-consanguineous healthy parents from

India, presented with a recent history of muco-cutaneous bleedings

and fever. The initial complete blood count revealed pancytopenia

(white blood cells: 3.3 � 109/L, platelets: 8 � 109/L, hemoglobin:

60 g/L, MCV 79 fl). Hypergranular blasts with Auer rods and Faggot

cells were seen on the peripheral blood and bone marrow morphol-

ogy, suggesting APL. A PML-RARA rearrangement t(15;17)(q24;q21)

was confirmed on cytogenetic analysis by fluorescence in situ hybridi-

zation. The patient did not have disseminated intravascular coagula-

tion. A brain computerized tomography scan performed at diagnosis

demonstrated a Chiari 1 malformation. Patient history and physical

examination were notable for numerous café-au-lait macules (CALMs)

and scarring from an extra thumb remnant removed surgically in the

neonatal period. His weight and height were above the 99th percen-

tile for age. The child was developmentally normal and had no clear

facial dysmorphic features or other anatomical anomalies often seen

in FA patients. He had no siblings. Both parents had no personal his-

tory of cancer, though certain relatives had cancer diagnoses (pedi-

gree depicted in Figure 1).

F IGURE 1 Family pedigree. APL, acute
promyelocytic leukemia; wt, wild type. Arrow:
proband. +/+: BRCA2/FANCD1 compound
heterozygous, +/wt: BRCA2/FANCD1

heterozygous status.
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The patient received ATRA and ATO following the Children's

Oncology Group protocol AAML 1331 (Standard risk). He tolerated

the treatment well, without bone marrow suppression. He was in mor-

phological remission after 1 month of induction, and in molecular

remission after the end of two blocks of consolidation, which he main-

tained at the time of this report (17 months post diagnosis).

Paired somatic/germline DNA sequencing was available

through the Quebec pediatric cancer research sequencing initiative

(Signature study). Germline analyses identified two PV in FANCD1/

BRCA2 gene, c.1333dup (p.Ser445Phefs*7) in exon 10 and c.6896dup

(p.Asn2299Lysfs*41) in exon 12, confirming the diagnosis of FA. These

variants were confirmed clinically in the local molecular diagnostics lab-

oratory (McGill University Health Center). Genetic analyses in both par-

ents revealed that the c.1333dup variant was present in the father and

that the c.6896dup variant was present in the mother. Chromosomal

breakage analysis with DEB on lymphocytes was performed 1.5 months

after the diagnosis and was compatible with a FA diagnosis, possibly

reflecting the compound BRCA2 heterozygosity (see Table 1). With this

finding of FA-D1, the young boy initiated an extended cancer screening

approach, which included an abdominal ultrasound and urine catechol-

amines every 6 months for Wilms and neuroblastoma, as well as a brain

magnetic resonance imaging (MRI) annually for brain tumors.

The underlying germline condition led the oncology team to

offer a hematological stem cell transplant (HSCT) in an attempt to

reduce risks of disease recurrence or subsequent hematological

malignancies. Given that the patient had no matched donor, he

underwent an TCR alpha/beta depleted haploidentical HSCT from

his mother with a conditioning regimen of anti-thymocyte globulin,

Fludarabine, low dose Cyclophosphamide and total body irradiation

(TBI) of 200 cGy single dose.12 He presented an acute graft rejection

with autologous recovery, possibly secondary to this attenuated

conditioning. The child is clinically well 2 months post HSCT and is

awaiting another haploidentical HSCT (same donor, different condi-

tioning regimen).

3 | DISCUSSION

This case report, presenting a 4 year-old boy with APL and FA-D1, is

instructive as it allows the discussion of the epidemiological aspects

and the practical clinical management decisions that arise in the set-

ting of this combination of rare disorders.

While the association of AML and FA is well known, there is no

evidence in the literature to suggest a particular association between

APL and FA. Through a combination of search strategies (PubMed,

Google scholar, disease-specific websites), we identified four addi-

tional cases shown in Table 2.13–15 A total of five patients (including

this case report) with APL/FA (confirmed FA-D1, n = 3) have been

reported, raising the possibility of an association between such rare

disorders. Two publications did not specify the molecular subtype of

FA, though one of the patients had a brother with bilateral Wilms

tumors, suggesting a FANCD1/BRCA2 or FANCN/PALB2 genotype. Cli-

nicians should consider the possibility of FA in patients with APL and

clinical manifestations of FA such as CALMs or suspicious family

histories.

Patients with FA-D1 have a distinct cancer spectrum with a strik-

ingly high rate of solid tumors as well as hematological malignan-

cies.7,8 In a recent publication on 71 patients with FANCD1/BRCA2

variants from literature review, there were 94 cancers in 66 patients,

of which 33% were acute leukemia (unspecified types), 27% were

brain tumors (mainly medulloblastoma), 17% were Wilms tumors and

6% were neuroblastoma (median age of diagnosis: 2, 3, 1.2,

and 1 year, respectively).11 Our patient as well as the other 2 patients

with confirmed FA-D1 identified in the literature were diagnosed with

APL at older ages (4–5 years) and without solid tumors, beyond the

median ages at which solid tumors occur. Based on a recent cancer

risk prediction scoring system in patients with FA-D1, developed by

Radulovic et al,16 our patient's genotype was consistent with a score

of 1. In that study, a score of 1 was associated with 100% risk of

developing a first cancer at a median age of 2.3 years and a 29% rate

of multiple malignancies.

Currently, patients with standard risk APL who respond well to

treatment have a good prognosis and HSCT is not typically indicated.

However, the question of HSCT was raised with the knowledge of the

underlying FA, given that MDS/AML are indications for prompt trans-

plant.17 In a previous publication on hematological malignancies in the

setting of FA, post-HSCT relapse rates were reported in 50% of

patients with FA-D1 (3 of 6 patients).18 Outcome data on patients

with AML and FA-D1 who did not undergo HSCT is not available in

the literature.

As mentioned, a HSCT was proposed for our patient despite the

good prognosis generally associated with APL and remission status

due to high risk for a second hematological malignancy. It is of note

that this patient has a high risk for solid embryonal malignancies, inde-

pendently of a HSCT. The patient will receive a reduced intensity con-

ditioning regimen described by Strocchio et al. (n = 24 patients with

bone marrow failure phenotypes) prior to a haploidentical HSCT. This

regimen was associated with a good engraftment rate (91.6%), a low

incidence of acute and chronic graft-versus-host-disease (GvHD)

(17.4% and 5.5%, respectively) and no fatal transplant related toxic-

ities.12 Limiting chronic GvHD is theoretically relevant given the

increased risk of HNSCC in patients with FA.19,20 However, no cases

of HNSCC have been reported in patients with FA-D1.11 Patients

with FA are more sensitive to genotoxic therapies, such as radiation

and alkylating agents. Nevertheless, there is no current evidence

TABLE 1 Chromosomal breakage results (cultures treated with
0.1 mcg/mL with diepoxybutane).

Percentage of aberrant cells 26

Percentage of multiaberrant cells 18

Breaks/cell 1.58

Breaks/multiaberrant cell 7.89

Percentage of cells with radial figures 12

Chromosomal fragility index 205.11
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confirming excessive toxicity with FA adjusted transplant conditioning

in patients with FA-D1 with hematological malignancies.18 To our

knowledge, there are no reports that describe conditioning regimen

and haploidentical transplant outcomes for patients with FA-D1 diag-

nosed with hematological malignancies, which is the current scenario

for our patient. Specifically in the case of APL and FA-D1, among the

3 patients with APL (2 with confirmed FA-D1, 1 with likely FA-D1),

one received a HSCT and was alive. Two patients did not receive

HSCT, one of whom died of relapse and the other was alive with more

than 14 years of follow-up.

The global management of patients with FA-D1 (and FANCN/

PALB2) requires extended cancer surveillance, above what is recom-

mended for other molecular subtypes. In the Fanconi Anemia Clinical

Care Guidelines, the cancer surveillance for embryonal solid malignan-

cies in FA-D1 is addressed without clear consensus on duration and

frequency of imaging. McReynolds et al suggested surveillance proto-

col with abdominal ultrasound every 6 months until 10 years old,

urine catecholamines every 6 months until 5 years old and brain MRI

yearly until 16 years old for solid tumors. For hematological malignan-

cies, they suggested a complete blood counts every 3–4 months and a

bone marrow aspiration and biopsy yearly.11 While the benefits of this

intensive surveillance need further investigations, we initiated this

screening strategy in our patient.

This case report highlights the clinical management challenges of

APL within the context of FA-D1. It also reveals a series of practical

knowledge and educational gaps. By increased awareness of the spec-

trum of clinical manifestations related to FA, earlier diagnoses of FA

could be made by clinicians, thereby offering an opportunity to opti-

mize management. This is especially true for FA-D1, where cancers

occur in young children. Reporting similar cases with detailed AML phe-

notypes, FA genotype, management, and outcome data will increase

our understanding of cancers in FA-D1. This would also contribute to

the establishment of specific management guidelines and may reveal

associations between rare cancer and genetic disease subtypes.
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