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Background: Acute promyelocytic leukemia (APL) is commonly characterized by the

fusion of retinoic acid receptor alpha (RARA) with promyelocytic leukemia (PML). Most

APL patients acquire long-term survival after treatment with all-trans retinoic acid (ATRA)

or arsenic agents-based chemotherapy.

Case presentation: A rare case of APL was reported after IRF2BP2-RARA was detected

in the relapsed process using next-generation RNA-sequencing analysis. In addition, the

mutation of NRAS was also detected. ATRA and arsenic trioxide combined with daunor-

ubicin were used during induction treatment. The patient acquired complete remission but

relapsed in 12 months. The patient was resistant to all other chemotherapies and refused any

further therapy. The literature review indicated that allogeneic hematopoietic stem cell

transplantation might be a therapeutic method to treat APL with IRF2BP2-RARA fusion.

Conclusion: Atypical APL should be considered even if the patients present with normal

chromosomal karyotype and no classic PML-RARA fusions, but classical clinical features

and bone marrow cell morphology. We reported a case of APL with IRF2BP2-RARA fusion

was shown to harbor the NRAS mutation at relapse.

Keywords: acute promyelocytic leukemia, IRF2BP2-RARA, variant translocation, gene

fusion, NRAS, mutation

Background
Acute promyelocytic leukemia (APL) is characterized by the fusion of retinoic acid

receptor alpha (RARA) with promyelocytic leukemia (PML). In addition, about 2%

APL patients present variant fusions.1 Hitherto, >10 variant translocations have

been reported to share the same C-terminal domains of RARA but different N-

terminal sequences.2 In 2015, Yin et al, for the first time, reported the occurrence of

IRF2BP2-RARA.3 To date, four reports of IRF2BP2-RARA have been published

worldwide.3–6 Herein, we reported a case of relapse APL with IRF2BP2-RARA

fusion from China.

Case presentation
A 32-year old woman was first hospitalized for menorrhagia and severe tiredness.

Anemia with a hemoglobin of 64 g/L and low platelet count of 33×109/L were

noted. Blast cells were also observed in the peripheral blood smear. However, a

normal activated partial prothrombin time (aPTT), fibrinogen level, and thrombin

time were observed in addition to the prolonged prothrombin time (PT) of 14 s. Her

bone marrow was hypercellular with 57% promyelocytes, frequent Auer rods, and

strong myeloperoxidase (Figure 1). All-trans retinoic acid (ATRA) and arsenic
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trioxide (ATO) were administered immediately after APL

was suspected. Flow cytometry showed the immature cells

expressing CD13, CD33, CD117, and CD64, and was

negative for HLA-DR and CD34, CD3, CD4, CD56,

CD5, CD10, CD19, CD20, CD7, CD11b, CD16, CD15,

CD14, CD36, CD41, and CD71. Chromosomal examina-

tion of leukemia cells revealed the karyotype 45, X, -X

(Figure 2). Reverse transcription-polymerase chain reac-

tion (RT-PCR) did not detect any translocations that were

commonly detected in APL and other acute myelogenous

leukemia including PML-RARA, PLZF-RARA, and

NPM-RARA. Fluorescence in situ hybridization (FISH)

failed to detect the fusion of RARA with PML or other

gene partners. Also, no mutations were detected in FLT3,

NPM1, CEBPA, WT1, or IDH1/2. Due to the inconsis-

tency in morphology, immunological, cytogenetical, and

molecular tests, the levels of PML-RARA, NPM-RARA,

NuMA-RARA, FIPIL-RARA, PLZF-RARA, PPK-RARA,

and STAT5b-RARAwere examined for the second time by

RT-PCR in the clinical laboratory of Huaxi Hospital. It

was slightly positive for PML-RARA, thus leading to the

diagnosis of APL.

After receiving ATRA (10 mg po. tid) and ATO (10 mg

ivgtt qd) for 35 days, along with daunorubicin (45 mg/m2 on

days 1–3), the patient acquired complete remission (CR). The

consolidation chemotherapy comprised of treatment with

Figure 1 Bone marrow examination at diagnosis.
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Figure 2 Chromosome karyotype analysis at first diagnosis: 45, X, -X [16].
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DA (daunorubicin 45 mg/m2/day on days 1–3; cytarabine

100 mg/m2/day on days 1–7), and HA (homoharringtonine

2 mg/m2/day on days 1–5, cytarabine 100 mg/m2/day on

days 1–7). ATRA (45 mg/m2/d) was administered on days

1–15 in combination with three single-agent chemotherapy

courses. Subsequently, the patient who tested negative for

PML/RARA was started on oral ATRA (10 mg tid) for

15 days, intravenous ATO (10 mg) for 15 days, and oral

methotrexate (15 mg/m2/week) every 3 months.

Methotrexate (10 mg), cytarabine (50 mg), and dexametha-

sone (10 mg) were administered four times by spinal punc-

ture to prevent the central nervous system leukemia. After

12months, she presented with fever, blast cells were found in

peripheral blood, and relapse was confirmed by bone marrow

aspirate. RT-PCR and FISH still failed to detect the RARA

arrangement. Cytogenetics revealed 45, X, -X [8]/45, idem, t

(9;12)(q13;p11) [12], which differed from that during the

initial diagnosis (Figure 3). The putative fusion gene was

investigated by next-generation RNA-sequencing analysis.

NRAS, BMP4mutations, and the fusion between RARA and

interferon regulatory factor 2 binding proteins 2 (IRF2BP2)

were verified. This confirmed the variant case of APL. The

patient received re-induction therapy, including ATRA, ATO,

and daunorubicin; however, CR was not achieved. Then,

CLAG protocol (cladribine 4 mg/m2 on days 1–5; cytarabine

1000 mg/m2 q12h on days 1–5; G-CSF 300 µg on days 1–5)

was administered. However, the patient still did not respond

to the treatment and refused further therapy, and died

eventually.

Discussion
APL is characterized by the fusion of RARA with PML or,

rarely, other gene partners including PLZF, NPM, NuMA,

STAT5b, PRKAR1A, FLP1L1, BCOR, OBFC2A, TBLR1,

GTF2I, and STAT3. Herein, we reported a rare fusion

IRF2P2-RARA detected in relapsed process. IRF2BP2 is

localized at chromosome 1q42.3 and encodes a nuclear protein

consisting of an N-terminal zinc finger and a C-terminal RING

finger domain that interacts specifically with the C-terminal

transcriptional repression domain of IRF2.9 IRF2BP2 has also

been involved in breast cancer cell lines, monoclonal gammo-

pathy of undetermined significance, and other solid

tumors.7,10,11

To date, four reports have been published on IRF2BP2-

RARA.3–6 Clinical features of the APL with IRF2BP2-RARA

were compared (Table 1). These 5 cases comprised of males

1 2 3 4 5
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19 20 21 22 X Y

181716

Figure 3 Chromosome karyotype analysis at relapse: 45, X, -X [8]/45, idem, t(9; 12) (q13; p11) [12].
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and females; 4 were <40-years-old. . All the patients presented

different degrees of cytopenia or pancytopenia. Only two

patients showed abnormal coagulant function with hypofibri-

nogenemia. Morphologically, four cases were identified as

APL, except the case that was reported as atypical by

Shimomura et al.3–6 Four cases exhibited classic immunophe-

notype of promyelocyte by flow cytometry (CD13, CD33,

CD64, CD117-positive, and HLA-DR-negative), except one

patient, who was HLA-DR-positive. The chromosome karyo-

type of (1;17)(q42; q21) was found in two cases, from which

IRF2BP2-RARAwas derived. In the present study, a case of a

young female with cytopenia, mild abnormal coagulant func-

tion, classic morphology, and immunophenotype of APL at

diagnosis was reported. Before IRF2BP2-RARAwas verified,

several examinations of the chromosome failed to find (1;17)

(q42; q21), and normal karyotype was reported. All the cases

including the current were stratified into low-intermediate risk.

IRF2BP2-RARA was confirmed by next-generation RNA-

sequencing analysis. The breakpoint in the current case was

at the same intron 2 in the RARA as reported by Yin et al in

APL patients with IRF2BP2-RARA and respond differently to

ATRA or ATO, which is usually inferior to typical APL. All

the five cases were administered with ATRA at diagnosis, two

combined with ATO, and three combined with anthracycline

agents during the induction treatment. All cases acquired CR.

The elderly patient from Japan failed to respond to ATRA,

idarubicin, and cytarabine treatment. As reported, three

patients relapsed and the event-free survival (RFS) was

between 10 and 18 months.

Arsenic binds to the PML moiety of the PML-RARA

fusion. ATRA binds to the RARA portion. Each drug

initiates biochemically independent degradation

pathways,12 which might partially explain the lack of

response of APL with the variant fusions between

RARA and other rare partners as compared to that of

classic APL to arsenic agents due to the loss of binding

sites.2,8 In addition, variant fusions can inhibit the target

of retinoic acid but are not sensitive to ATRA. This

phenomenon might lead to ATRA to fail to inhibit the

apoptosis pathway induced by RARA efficiently.13 In the

four cases with IRF2BP2-RARA reported previously, all

patients acquired CR after ATRA-based therapy, one

received allotransplantation and acquired long term survi-

val, three patients relapsed in 12 months, and two main-

tained CR before the article was published. Reportedly,

the RARA fusions occur with other genes including

PLZF, STAT5b, and GTF2I that are resistant to

ATRA.13–16 Whether IRF2BP2 might be a regulatory

factor to enhance the effect of RARA and cause resis-

tance to ATRA is yet unknown.

NRAS mutation was found in the patient in this study

and the 19-year-old female from the USA. EFS after the

first CR was 10 and 12 months, respectively. NRAS muta-

tion was common in myeloid tumors, lymphoma, lympho-

cyte leukemia, melanoma, intestinal cancer, lung cancer,

and pancreatic cancer.17–19 Furthermore, NRAS mutation

was found in 14.7% of acute myeloid leukemia patients.20

Welch et al compared the most mutations in acute myeloid

leukemia and APL. The research concluded that in many

cases, only one or two additional, cooperating mutations

were essential to generate the malignant founding clone.

The cells from the founding clone can acquire additional

cooperating mutations, yielding subclones that contribute

to disease progression and/or relapse.21 Madan et al

explored the mutational landscape using whole-exome

(n=12) and subsequent targeted sequencing of 398 genes

in 153 primary and 69 relapse APLs. Also, the recurrent

alterations in FLT3, WT1, NRAS, and KRAS mutation were

observed in the newly diagnosed APL, whereas mutations

in the other genes commonly mutated in myeloid leukemia

were rarely detected. NRAS mutation occurred at a higher

frequency in newly diagnosed samples as compared to

with the relapse (9.7% in newly diagnosed and 5.2% in

relapse).22 Thus, these studies might explain the poor

prognosis of the APL patient with IRF2BP2-RARA and

NRAS mutation. However, the combined effects of

IRF2BP2-RARA and NRAS mutation in APL need to be

investigated further.

It is worthy of note that only 2 cases of APL with

IRF2BP2-RARA presented with hypofibrinogenemia

(40%). The incidence of abnormal coagulant function

seemed less than typical APL. Wang X et al reviewed

characteristics of STAT5b/RARa APL patients. 9 in 12

cases were diagnosed as disseminated intravascular coa-

gulation. Whether the lower incidence of abnormal coagu-

lant function was the clinical feature of APL with

IRF2BP2-RARA, further observation is needed.23

Conclusion
Patients were suspected to exhibited APL based on the clin-

ical features and bone marrow cell morphology. The abnor-

mal chromosomal karyotype and classic PML-RARA fusion

test were not sufficient to exclude APL. Thus, variant APL

should be considered. IRF2BP2-RARA is a rare variant

fusion in APL, and only five cases were reported worldwide.

ATRA and arsenic agent-based induction treatment are still
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effective for APL with IRF2BP2-RARA fusion. However,

allogeneic hematopoietic stem cell transplantation might be a

therapeutic method to acquire long-term survival.
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