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Abstract

Identification of chromosomal abnormalities in patients with acute
myeloid leukemia (AML) has contributed substantially to our cur-
rent understanding of the molecular pathogenesis underlying leuke-
mogenesis, and risk-stratification based on molecular abnormalities
both influences treatment strategies and aids in determining progno-
sis. While over 300 established mutations have been documented in
AML, the enhanced availability of genetic analysis and the increase
in awareness of uncommon chromosomal translocations have made it
possible for rare, apparently unique translocations to become recog-
nized and to ultimately gain prognostic significance. Hence, we pre-
sent a case of AML with a novel, balanced 2;12 translocation involv-
ing breakpoints previously undescribed. Although the patient required
second induction, first remission was ultimately achieved. While the
prognostic significance of this translocation is not fully elucidated,
it is our hope that documentation of this patient’s presentation will
help to characterize the significance of a yet undefined cytogenetic
abnormality in AML.
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Introduction

Acute myeloid leukemia (AML), the most common of the
acute leukemias, is a complex, heterogeneous malignancy with
marked genetic, epigenetic and phenotypic variation [1, 2]. In
most cases of AML, chromosomes of malignant cells harbor
specific, non-random and often recurrent abnormalities which
have important implications in terms of clinical and pathologi-
cal presentation, prognosis and therapeutic response. Pretreat-
ment cytogenetic abnormalities, morphology, immunopheno-
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type and clinical features define the prognostic categories of
AML and predict induction success, cumulative incidence of
relapse and overall survival in adults with de novo leukemia
[2, 3]. The presence of certain genetic abnormalities, usually
detected by fluorescence in situ hybridization (FISH) analy-
sis, polymerase chain reaction (PCR) and next generation se-
quencing makes it possible to risk stratify patients at the time
of initial presentation with AML.

Case Report

Patient characteristics

A 64-year-old female patient with a medical history of essen-
tial hypertension, obesity and osteoarthritis presented to the
emergency department (ED) after an episode of lightheaded-
ness and near-syncope while using her workplace commode.
On admission, the patient had a white blood cell (WBC) count
of 1.2 x 103/uL, a hemoglobin level of 8.7 g/dL and a platelet
count of 20 x 103/uL. A review of her medical records revealed
an ED admission 5 months prior with similar complaints and
a platelet count of 121 x 103/uL, but at that time, the etiol-
ogy for her thrombocytopenia was not pursued. Once com-
mon causes of pancytopenia, including nutritional, infectious,
immune-mediated and medication-related etiologies were
excluded, a bone marrow aspirate and biopsy was performed
which revealed bone marrow hypercellularity (60%) with 70%
blasts (Fig. 1). Immunophenotypic analysis using flow cytom-
etry highlighted a prominent blast population (45.3% of cells)
highly expressing CD34, CD13, CD33, CD117, CD71, CD22
(partial), and partial human leukocyte antigen D related (HLA-
DR), consistent with myeloblasts. No Auer rods or promyelo-
cytic features were identified.

Chromosomal analysis

Chromosomal analysis demonstrated a balanced 2;12 trans-
location with the following karyotype: 46, XX, t(2;12)
(q35;924.1). This translocation was noted in all metaphases
examined on karyotype analysis. FISH for AML (Mayo Clin-
ic Laboratories) was negative for all cytogenic abnormalities
included in the assay. As this is an unknown translocation in
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Figure 1. Pretreatment images showing blasts in the bone marrow and peripheral blood (a, b) and bone marrow hypercellularity
(c). Bone marrow aspirate after two cycles of chemotherapy showing marked hypocellularity consistent with chemoablation (d).
Post-recovery bone marrow aspirate and core biopsy showing recovered bone marrow (e, f).

AML, a probe for this specific translocation was not utilized.

Chemotherapy and outcome

The patient underwent standard induction chemotherapy (7 +
3 therapy) with a 7-day cycle of cytarabine (100 mg/m? per
day, days 1 - 7) plus idarubicin (12 mg/m? per day, days 1 - 3).
Bone marrow aspirate and biopsy performed 14 days after the
initiation of induction chemotherapy revealed persistent AML
with 60-70% blasts present, and the patient was administered
a 5-day cycle of salvage reinduction chemotherapy with cyta-
rabine (100 mg/m?/day, days 1 - 5) plus idarubicin (12 mg/
m?/day, days 1 - 2). On day 14 following the initiation of the
second induction, bone marrow aspirate and biopsy assess-
ment revealed a markedly hypocellular bone marrow (10%)
with panhypoplasia consistent with chemoablation. Flow cyto-
metric analysis at this time identified less than 0.1% of cells as
CD34 positive myeloblasts.

Discussion

Impact of patient age on therapeutic decision-making

While AML may present at any age, it is most common in the
elderly with a median age at diagnosis of 65 - 70 years. In older
patients, comorbid medical conditions may limit treatment op-
tions, and outcomes are often worse than those seen in younger
patients. Compared to younger AML patients, older patients
tend to have a lower percentage of favorable cytogenetics (e.g.
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t(8;21), t(15;17) or inv(16)), higher percentage of unfavora-
ble cytogenetics (e.g. complex cytogenetics or abnormalities
of chromosomes 5 or 7), higher incidence of multidrug resist-
ance, lower clinical response rates, shorter remission durations
and shorter medial overall survival. Prior myelodysplastic
syndrome, myeloproliferative disorders, or other hematologic
disorders, which are unfavorable risk factors for outcomes, are
also more frequent in older patients. These factors, in combi-
nation with fears of significant toxicity from chemotherapy,
have led to a tendency for physicians to offer less intensive
therapy or palliative care only to older patients with AML [3-
5]. Table 1 summarizes prognostic risk factors for adults with
AML [6].

A review of Medicare records from 2000 to 2009 found
that chemotherapy was administered within 3 months of di-
agnosis in less than half of patients over the age of 65 years,
even though elderly patients receiving chemotherapy lived
longer than those receiving supportive care only [5]. In an in-
ternational study involving 488 patients aged > 65 years with
newly diagnosed AML, physicians were asked whether they
would choose best supportive care only, low-dose cytarabine,
or intense chemotherapy (conventional 7 + 3), and only 18%
of patients were chosen to receive intensive chemotherapy,
compared to 18% for best supportive care only and 64% for
low-dose cytarabine [4]. The risk of treatment-related mortal-
ity (TRM) may be a deterrent for physicians to offer intensive
therapy to elderly patients, but it has been shown that age is
not the most important factor determining TRM and should be
considered only in the context of other covariates when choos-
ing intensity of induction therapy [3, 7, 8]. In fact, excluding
age from certain multivariate models designed to predict the
risk of TRM did not significantly alter the predictive ability of
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Table 1. Favorable and Unfavorable Risk Factors for Outcomes in Adults With Acute Myeloid Leukemia [6]

Favorable factors

Unfavorable factors

Age <50 years
Karnofsky score > 60%

Age > 60 years

MDR 1-negative phenotype

No antecedent hematologic disorder or
prior chemotherapy or radiotherapy

t(8;21), inv(16)/t(16;16), t(15;17)

Karnofsky score < 60%
MDR 1-positive phenotype

Therapy-related AML, prior myelodysplastic syndrome, myeloproliferative
or other hematologic disorder

Complex karyotypic abnormalities, -5, -7, 3q26 aberrations, t(6;9),

1123 aberrations except for t(9;11), “monosomal karyotype”

these models, suggesting that older age is a surrogate for other
prognostic factors and by itself should not be a contraindica-
tion to treatment [3, 9]. These data have significant real-world
implications because, despite the tendency for physicians to
pursue less aggressive therapy in elderly patients, intensive
therapy improves both early death rates and long-term survival
compared to palliative therapy, and some investigators argue
that AML patients up to 80 years of age should be considered
for standard intensive therapy [3, 5, 8]. Ultimately, the deci-
sion to undergo treatment must be weighed against the poten-
tial for significant diminishment in patient quality of life.

Goals of treatment

Goals of care for patients with AML are individualized and
should be based on discussions between the patient and phy-
sicians. Influencers of goals of care include age, medical co-
morbidities, performance status, prognostic genetic features of
the leukemic cells and individual goals of care. Most medi-
cally fit patients are treated with the goal of achieving long-
term survival with the intention of cure. For medically frail
patients, goals of care involve prolongation of life, alleviation
of symptoms and improvement of quality of life. In patients
with significant debility, severe comorbid medical conditions,
or advanced age, treatment is often supportive with avoidance
of disease-modifying therapy [6].

Pretreatment risk stratification

While a multitude of cytogenetic abnormalities exist in AML,
many of these abnormalities are nonoverlapping and are asso-

Table 2. The 2017 ELN Risk Stratification by Geneticsa

ciated with distinct clinical presentations, response to therapy,
rates of relapse and overall survival [8, 10-13]. Thus, it is not
surprising that cytogenetic abnormalities form the foundation
for the classification and risk stratification systems created by
the World Health Organization (WHO) and the European Leu-
kemia Net (ELN) [10]. The 2017 ELN guidelines utilize cy-
togenetics to classify patients into “favorable”, “intermediate”
and “adverse” risk groups (Table 2) [8]. Using this classifica-
tion scheme, AML patients harboring cytogenetic abnormali-
ties not included in the “favorable” or “adverse” categories
should be classified as “intermediate”. The patient we present
in this report was classified as “intermediate” risk due to her
lacking cytogenetic classification criteria for the “favorable” or
“adverse” risk groups. With the increased utility of next gen-
eration sequencing, the ongoing replacement of single gene
assays by gene panel analysis, and the development of exome
sequencing and genome wide assays, it is likely that the future
will see the development of more sophisticated prognostic sys-
tems than ELN 2017 [3].

Initial induction chemotherapy

With the exception of patients with acute promyelocytic leu-
kemia, most patients with AML receive two courses of chemo-
therapy: induction and consolidation (often called post-remis-
sion therapy). The goal of induction therapy is the eradication
of as many leukemic cells as possible from the bone marrow.
In previous decades, induction therapy for most cases of AML
was essentially invariant and consisted of a 7-day infusion of
cytarabine and 3 days of daunorubicin or idarubicin (7 + 3
therapy). Today, this regimen remains the standard of care for
most patients with favorable or intermediate prognostic fea-

Risk category Favorable Intermediate

Adverse

Genetic
abnormality

t(8;21)(q22;q922.1); RUNX1-
RUNXITI1 inv(16)(p13.1922)
or t(16;16)(p13.1;q22);
CBFB-MYHI11 mutated NPM1
without FLT3-ITD or with
FLT3-ITD!ow = allelic ratio > 0.5;
biallelic mutated CEBPA

Mutated NPM1 and FLT3-ITDhigh =
allelic ratio > 0.5, yild-type NPM1 without KMT2A rearranged t(9;22)(q34.1;q11.2); BCR-
FLT3-ITD or with FLT3-ITD'"o¥
(without adverse-risk genetic lesions); GATA2,MECOM(EVI1) 25 or del(5q); -7;
t(9;11)(p21.3;923.3); MLLT3-
KMT2A; cytogenetic abnormalities
not classified as favorable or adverse

1(6;9)(p23;q34.1); DEK-NUP214 t(v;11q23.3);
ABL1 inv(3)(q21.3926.2) or t(3;3)(q21.3;q26.2);
-17/abn(17p); complex karyotype monosomal

karyotype; wild-type NPM1 and FLT3-ITDhigh;
mutated RUNX; mutated ASXL1; mutated TP53

2Adapted from Estey [3].
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tures and for select patients with intermediate fitness. Treat-
ment with a liposomal formulation of cytarabine and dauno-
rubicin may be advisable as an alternate to 7 + 3 in patients
with adverse prognosis AML, therapy-related AML, or AML
with myelodysplasia-related changes [6]. Addition of a third
agent to 7 + 3 may be indicated in some cases of AML. For
example, gemtuzumab ozogamicin (GO), an antibody-drug
conjugate consisting of a monoclonal antibody against CD33
linked to a cytotoxic agent, is approved for newly diagnosed
and relapsed/refractory cases of AML in which cells express
CD33. Midostaurin often is added to 7 + 3 for older patients
harboring FLT3 mutation. In patients who are not candidates
for intensive therapy, the hypomethylating agents decitabine
and azacitidine may represent more appropriate treatment op-
tions. Current guidelines also recommend the consideration of
investigational therapies and clinical trials in all patients with
AML, and this is especially true in poor risk patients as the
likelihood of achieving clinical response with conventional 7
+ 3 is particularly low in these individuals. Additional studies
in progress aim to define the most appropriate and successful
induction strategies for newly diagnosed AML patients of vari-
ous risk categories.

Allogeneic stem cell transplantation (allo-SCT)

The goal of initial therapy in AML is achievement of complete
remission [14]. While over half of patients enter complete re-
mission, without additional post-remission therapy, relapse
of disease is nearly inevitable in the majority of these cases
[14-16]. Post-remission therapy, which is based on cytogenetic
analysis and risk of relapse, includes consolidation chemother-
apy, myeloablative allo-SCT and autologous transplant [15].
In selected patients who have achieved first complete remis-
sion, especially poor-risk patients, allo-SCT is the preferred
consolidation therapy [17-20]. Hematopoietic stem cell trans-
plantation represents the only curative option for patients who
fail to achieve clinical response or who relapse after achieving
clinical response, and should be offered to patients with poor-
risk cytogenetics or patients requiring second induction [17,
20].

Conclusion

Characterization of chromosomal abnormalities in AML has
greatly contributed to our understanding of leukemogenesis.
Risk-stratification based on molecular abnormalities both in-
fluences treatment strategies and aids in determining progno-
sis. With the enhanced availability of genetic analysis and the
increase in awareness of rare chromosomal translocations, it
is possible that previously uncharacterized genetic abnormali-
ties may become recognized and ultimately gain prognostic
significance. To our knowledge, the t(2;12) (q25;q24.1) trans-
location has not been previously described. Although this pa-
tient required second induction, first remission was ultimately
achieved. While the prognostic significance of this transloca-
tion is not fully elucidated, it is our hope that documentation
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of this patient’s presentation will help to characterize the sig-
nificance of a yet undefined cytogenetic abnormality in AML.
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