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A B S T R A C T

We present a case of acute myeloid leukemia with der(1)t(1;19)(p13;p13.1) translocation and RUNX1 mutation.
A literature review summarizing the clinical, pathological, and molecular features of the published cases is also
presented.

1. Introduction

Cytogenetic abnormalities provide important prognostic informa-
tion and serve as the frame work for risk adapted therapy for acute
myeloid leukemia [1]. Some of the karyotypic abnormalities are suffi-
ciently common, have been well characterized at the molecular level,
and are known to describe distinct entities. For example translocations t
(8;21), t(15;17), and t(16;16) are known to impart a favorable prog-
nosis while abnormalities of chromosome 3q, monosomies of chromo-
some 5 and/or 7, or complex karyotypes portend an adverse prognosis
[2,3].

Up to 10% of AML patients have rare recurrent cytogenetic ab-
normalities [4]. Many of these have not been characterized in detail
and their impact on prognosis remains unclear. We present a case of
AML with der(1)t(1;19)(p13;p13.1) as the sole cytogenetic abnormality
along with a concise review of the 4 previously described cases of AML
with this anomaly. Next generation sequencing performed in our pa-
tient at the time of disease relapse identified a RUNX1 mutation, which
has not been described in any of the previously published cases.

2. Case report

A 20-year-old Hispanic male presented with oral ulcers, fever, fa-
tigue and headache. Prior to presenting to the emergency department,
he had received a course of antibiotics for suspected sinusitis. He had
developed a pruritic drug rash over his legs, buttocks and abdomen
following the antibiotic use. His medical history was significant for

Henoch Schoenlein purpura as a child and mild autism. No familiar
history of hematologic diseases reported by the patient or otherwise
documented. On examination, temperature was 38.1 °C and heart rate
was 125 beats per minute. Blood pressure and respirations were
normal. His physical examination showed some non-tender sub-
mandibular lymphadenopathy, left upper quadrant tenderness, and a
mild maculopapular rash was seen over both legs and lower abdomen.
Liver and spleen were not palpable.

Initial laboratory studies showed a leukocyte count of 0.85 × 103/
µL, a hemoglobin of 5.6 g/dL, and a platelet count of 123 × 103/µL.
Leukocyte differential included 2% neutrophils, 3% bands, 13%
monocytes, 70% lymphocytes, and 12% blasts. Liver and renal func-
tions were normal.

A bone marrow biopsy showed a cellularity of 70–80% with diffuse
infiltration by blasts and suppression of normal hematopoiesis (Fig. 1).
Blasts showed monocytic features with a variable proportion of the cells
displaying “hand-mirror” morphology with pronounced cytoplasmic
tails and blebs (Fig. 2). Flow cytometry revealed the blasts to be
CD117(+), CD34(-), HLA-DR(+), CD4 (+) and CD64(+).

Cytogenetic analysis was performed on bone marrow aspirate. All
22 metaphases analyzed revealed the presence of a derivative chro-
mosome 1 resulting from an unbalanced translocation of the short arm
of chromosome 19 proximal to 19p13 to the short arm of chromosome 1
at band 1p13: 46, XY, der(1)t(1;19)(p13;p13.1)[22] (Fig. 3).

FISH (Fluorescent in-situ hybridization) analysis was performed
using acute leukemia-specific probes. FISH results using the E2A/PBX1
Translocation, Dual Fusion Probe showed the translocation resulted in
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an extra copy of the E2A gene (19p13.3) on the derivative chromosome
(Fig. 4). The E2A probe, labelled in green, contains two probes (110 kb
and 146 kb) that cover the 3′ end of the E2A (TCF3) gene and flanking
region and a 321 kb probe that covers a region 5′ (centromeric) to the
gene. The PBX1 probe, labelled in red, contains two probes (147 kb and
110 kb) that map within the PBX1 gene and a 117 kb probe that maps 3′
(telomeric) to the gene. In a normal cell, two red and two green signals
(2R, 2G) should be visible. Due to the close proximity of the green

signals, these two signals may overlap and appear as one signal in a
small proportion of cells. In this case, since there is gain of an extra E2A
gene due to the unbalanced translocation, 2R3G signal pattern was
evident by FISH (Fig. 4). DAPI images of the metaphases revealed that
this extra E2A gene copy was on the short arm of chromosome 1 at band
1p13 (Fig. 4). In addition, an extra copy of the MLL (11q23.3) gene was
also identified (Fig. 5).

Molecular testing at diagnosis with FISH using extended pediatric
acute lymphoblastic leukemia panels did not show mutations in FLT3
(either ITD or TKD), NPM1, CEBPA or KIT.

The patient underwent induction therapy with a typical 7+ 3 re-
gimen (employing 200mg/m2/day of cytarabine and 12mg/m2 of
idarubicin). Complete remission (by morphology, flow cytometry and
FISH) was achieved after induction. Repeat karyotype was 46,XY[20].
The patient was advised to undergo an allogeneic stem cell transplant in
1st remission. He, however, declined and received 4 cycles of con-
solidation with high dose cytarabine. At the end of 4 cycles of con-
solidation, a repeat bone marrow aspiration and biopsy showed on-
going morphological and cytogenetic remission.

He relapsed 4 months after completing therapy. Bone marrow
biopsy and aspirate again showed “hand mirror” myeloblasts with
monocytic differentiation and flow cytometry again identified expres-
sion of CD 117, CD 4, and CD 64 without CD 34 expression. Cytogenetic
findings at relapse, however, continued to show a normal male kar-
yotype (46,XY[20]) and FISH studies looking specifically for E2A and
MLL showed normal copy numbers.

Next generation sequencing was performed using Illumina sequen-
cing technology to identify variants in genes commonly associated with
AML (ASXL1, ATM, BCOR, BCORL1, CBL, CDKN2B,CEBPA, CREBP
(ATF2), CSF3R, DDX41, DNMT3A, ETV6, EZH2, FLT3, GATA1, GATA2,
IDH1, IDH2, IKZF1, JAK2, KDM6A, KIT, KRAS, MLL, MPL, NF1,
NPM1,NRAS, PHF6, PTEN, PTPN11, RUNX1, SETBP1, SF3B1, SRSF2,
STAG2, STK11, TET2, TP53, U2AF1, WT1, ZRSR2). The above genes,
except for MLL, were tested using a commercial bait-capture next
generation sequencing platform. MLL was tested by long range PCR
which only detected the presence or absence of the partial tandem
duplication. This revealed a missense mutation on the RUNX1 gene,
c.127C > T variant ID 463,980, with a frequency of 55%, which re-
sulted in the replacement of proline with serine at codon 43 of the
RUNX1 protein (p.Pro43Ser). No other variants in the above genes were
identified.

Fig. 1. Bone marrow morphology demonstrating hypercellularity (70–80%)
with infiltration of myeloid blasts and suppression of normal hematopoiesis.

Fig. 2. Myeloid blasts with pronounced cytoplasmic tails (hand-mirror blasts).

Fig. 3. Cytogenetic analysis demonstrating 46, XY, der(1)t(1;19)(p13;p13.1) karyotype.
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He received salvage therapy with fludarabine, cytarabine and
idarubicin (FLAG-IDA) and was then treated with venetoclax and aza-
cytidine. Second remission lasted 3 months. He then developed leu-
kemia cutis. Repeat therapy with FLAG-IDA was attempted with no
response and the patient opted for supportive care alone.

3. Discussion

We present a case of AML with der(1)t(1;19)(p13;p13.1) as the sole
cytogenetic abnormality. The Mitelman database for chromosomal
aberration and gene fusion, Atlas of genetics and cytogenetics in on-
cology and hematology, and PubMed were searched for all cases of AML

Fig. 4. Fluorescent in situ hybridization demonstrating unbalanced translocation of chromosome 1 band p13 and the short arm of chromosome 19 band p13 resulting
in an extra copy of the E2A gene.

Fig. 5. FISH analysis demonstrating an extra copy of the 5′MLL (11q23.3) gene. .
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with der(1)t(1;19). An additional 4 cases of acute myeloid leukemia
were identified [5–8]. Table 1 summarizes the clinical, pathological and
molecular findings in these, including the current case. The Median age
of patients is 36 years (range 1–84). Median presenting WBC count is
1100/mcl (700–265,000). There are 3 males and 2 females. Two pa-
tients had M5 blast morphology and two had “hand mirror” blasts noted
on smears. In 2 patients der(1)t(1;19) was the sole cytogenetic ab-
normality, while the other 3 had additional chromosomal abnormal-
ities.

Of the 3 cases where molecular findings were reported (including
the current one), 2 had FLT3 ITD mutations; a RUNX1 mutation was
found in our case. Our case is unique in being the first to describe the
karyotype both at presentation and at relapse and being the first to
identify the presence of RUNX1 mutation in association with this kar-
yotype.

RUNX1 encodes for a transcription factor which is essential for
hematopoiesis. Point mutations in RUNX1 in acute leukemia were first
described in 1999. It is now evident that these are frequent in acute
myeloid leukemia being present in up to 33% of AML with normal
karyotype or non-complex chromosomal imbalances. Their presence is
an independent adverse prognostic factor [9–11]. The current (2016)
revision of WHO classification of myeloid neoplasms includes a provi-
sional entity entitled AML with mutated RUNX1 [12,13]. In our case,
the lack of RUNX1 mutational testing performed on the initial sample
prevent us from excluding acquisition of the mutation at the time of
disease relapse when the presence of the abnormal chromosome clone
and derivative chromosome were no longer detected. Although there
was no familiar history of leukemic disorders in this patient, in view of
his young age and high allele burden (55%), the possibility of a con-
stitutional RUNX1 mutation could not be entirely excluded. We con-
clude that presence of der(1)t(1;19) in AML marks the presence of
adverse molecular mutations and poor prognosis. Molecular findings in
future cases need to be studied both at presentation and relapse to
better understand the biology of this leukemia and improve outcomes.
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