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Abstract
Acquired chromosome abnormalities in patients with acute myeloid leukemia (AML) and
myelodysplastic syndromes (MDS) are among the most valuable determinants of diagnosis and
prognosis. In search of new recurrent balanced translocations we reviewed the Cancer and
Leukemia Group B (CALGB) cytogenetics database containing pretreatment and relapse
karyotypes of 4,701 adults with AML and 565 with MDS who were treated on CALGB trials. We
identified all cases with balanced structural rearrangements occurring as a sole abnormality or in
addition to one other abnormality, excluded abnormalities known to be recurrent, and then
reviewed the literature to determine whether any of what we considered unique, previously
unknown abnormalities had been reported. As a result, we identified seven new recurrent balanced
translocations in AML or MDS: t(7;11)(q22;p15.5), t(10;11)(q23;p15), t(2;12)(p13;p13), t(12;17)
(p13;q12), t(2;3)(p21;p21), t(5;21)(q31;q22) and t(8;14)(q24.1;q32.2), and, additionally, t(10;12)
(p11;q15), a new translocation in AML previously reported in a case of acute lymphoblastic
leukemia. Herein we report hematologic and clinical characteristics, and treatment outcomes of
patients with these newly recognized recurrent translocations. We also report 52 unique balanced
translocations, together with the clinical data of patients harboring them, that to our knowledge
have not been previously published. We hope that once the awareness of their existence is
increased, some of these translocations may become recognized as novel recurring abnormalities.
Identification of additional cases with both the new recurrent and the unique balanced
translocations will enable determination of their prognostic significance and help to provide
insights into the mechanisms of disease pathogenesis in patients with these rare abnormalities.

*Correspondence to: Clara D. Bloomfield, MD, The Ohio State University Comprehensive Cancer Center, 1216 James Cancer
Hospital, 300 West Tenth Avenue, Columbus, OH 43210; phone: 614-293-7518, fax: 614-366-1637, clara.bloomfield@osumc.edu, or
Krzysztof Mrózek, MD, PhD, The Ohio State University Comprehensive Cancer Center, 1232A James Cancer Hospital, 300 West
Tenth Avenue, Columbus, OH 43210-1228; phone: 614-293-3150, fax: 614-366-1637, krzysztof.mrozek@osumc.edu.
aBoth Alison Walker and Krzysztof Mrózek contributed equally to this work.

The content of this manuscript is solely the responsibility of the authors and does not necessarily represent the official views of the
National Cancer Institute.

NIH Public Access
Author Manuscript
Genes Chromosomes Cancer. Author manuscript; available in PMC 2013 December 30.

Published in final edited form as:
Genes Chromosomes Cancer. 2013 April ; 52(4): . doi:10.1002/gcc.22036.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Introduction
Pretreatment cytogenetic findings are among the most important diagnostic and prognostic
factors in acute myeloid leukemia (AML) and myelodysplastic syndromes (MDS) (Mrózek
et al., 2001, 2004; Haase et al., 2007; Johansson and Harrison, 2009; Olney and Le Beau,
2009; Vardiman et al., 2009; Grimwade and Mrózek, 2011). Non-random chromosome
abnormalities are independent predictors of the probability of achievement of complete
remission (CR), disease-free survival (DFS), and overall survival (OS) (Grimwade et al.,
1998, 2010; Byrd et al., 2002; Mrózek et al., 2004), and are used to select treatment (Döhner
et al., 2010). Recurrent balanced structural rearrangements detected in AML and MDS,
particularly if they occur as a sole abnormality in at least some cases and are rarely or never
present in other types of hematologic and non-hematologic malignancies, are considered to
be the most important, primary chromosome abnormalities, which are assumed to play an
essential role in leukemogenesis.

It is well established that AML and MDS are very heterogeneous cytogenetically with over
300 structural and numerical chromosome abnormalities recognized as recurrent to date
(Mrózek et al., 2001; Mitelman et al., 2007, 2012). The incidence of specific aberrations
varies considerably, with some being relatively frequent, such as t(15;17)(q22;q21), t(8;21)
(q22;q22), inv(16)(p13.1q22), or t(9;11)(p22;q23), while others are very rare, reported in
only a few patients worldwide (Mitelman et al., 2012). This makes correlations of such rare
aberrations with a patient's pretreatment characteristics and clinical outcome difficult, and
therefore publication of data on each patient carrying one of these abnormalities is a
valuable resource. Furthermore, a substantial proportion of patients harbor aberrations that
are not yet recognized as recurrent. Johansson and Harrison (2009) estimate that non-
recurring aberrations constitute 85% of balanced chromosome translocations detected in
AML patients. However, it is possible that at least some of such unique abnormalities may
become recognized as recurrent once the awareness of their existence is increased. This is
important because the ascertainment of breakpoints in many leukemia-associated balanced
translocations and inversions has led to the detection of genes whose disruption and/or
deregulation contributes to leukemogenesis (Mitelman et al., 2007).

In this study we report cytogenetic and clinical data for seven new recurrent balanced
translocations in AML or MDS, and another translocation that occurred in single cases of
AML and acute lymphoblastic leukemia (ALL). We also describe 51 patients with 52
“unique” balanced chromosome aberrations that to the best of our knowledge have not been
previously reported.

Patients and Methods
To identify new balanced aberrations we reviewed the cytogenetics database created as a
result of the ongoing prospective cytogenetics companion trial 8461 conducted by Cancer
and Leukemia Group B (CALGB, now part of the Alliance for Clinical Trials in Oncology
cooperative group) since 1984 (Byrd et al., 2002). The database contained pretreatment and
relapse karyotypes of 4,701 adults diagnosed with AML and 565 diagnosed with MDS
enrolled on CALGB 8461. The patients had a primary diagnosis of AML or MDS. We used
≥20% as the requisite blast percentage for diagnosis of AML as defined by the World Health
Organization (WHO) criteria (Vardiman et al., 2009). Since many patients were diagnosed
before the publication of the WHO classification, we provide information on their diagnoses
according to the French-American-British (FAB) Cooperative Group classification (Bennett
et al., 1985). All patients were enrolled on CALGB treatment studies and provided written
Institutional Review Board-approved, protocol-specific informed consent for participation in
these studies in accordance with federal and institutional guidelines.
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Cytogenetic analyses of marrow and/or blood were performed in CALGB institutional
cytogenetic laboratories between 1985 and 2009. The G- or, rarely, Q-banded karyotypes
were interpreted according to the International System for Human Cytogenetic
Nomenclature ISCN 2009 (Shaffer et al., 2009) and the results were centrally reviewed
(Mrózek et al., 2008). During initial screening, balanced structural rearrangements occurring
as a sole abnormality or in addition to one other abnormality in at least one clone were
identified. Cases with known recurrent balanced translocations (Mrózek et al., 2001;
Mitelman et al., 2012; http://AtlasGeneticsOncology.org) were eliminated leaving a list of
rare and apparently unique balanced aberrations. We then compared this list to all cases
within the database (including those with a complex karyotype) to identify additional
patients with these rearrangements.

Overall, 80 patients with apparently unique abnormalities were identified. Next, we
performed a search for published cases with abnormalities identical or similar to the ones we
identified using the Mitelman Database of Chromosome Aberrations and Gene Fusions in
Cancer (Mitelman et al., 2012) and the Atlas of Genetics and Cytogenetics in Oncology and
Haematology (http://AtlasGeneticsOncology.org). Once identified, the literature cases were
reviewed with attention to clinical presentation, patient and disease characteristics, and
treatment outcome. If the abnormality was reported as recurrent by the authors within the
published report, it was not included in this study. Once an abnormality identical or virtually
identical to the one identified by us was found, the translocation was classified as a new
recurrent one.

For CALGB patients we report on, the following definitions of clinical endpoints are used.
CR required an absolute neutrophil count ≥1.5 × 109/l, platelet count >100 × 109/l, no
leukemic blasts in the blood, bone marrow cellularity greater than 20% with maturation of
all cell lines, no Auer rods, less than 5% bone marrow blast cells, and no evidence of
extramedullary leukemia, all of which had to persist for at least four weeks (Cheson et al.,
1990). Relapse was defined by ≥5% bone marrow blasts, circulating leukemic blasts, or the
development of extramedullary leukemia. DFS was measured from the date of CR until the
date of relapse or death; patients alive and relapse-free at last follow-up were censored. OS
was measured from the date of study entry until the date of death (from any cause), and
patients alive at last follow-up were censored.

Results and Discussion
New Recurrent Balanced Translocations

We identified seven new recurrent balanced translocations in AML or MDS, and one we
found in AML that was present in a single case of ALL in the literature. Cytogenetic data,
pretreatment characteristics, treatment received, and clinical outcome of each patient with
one of these translocations are summarized below and presented in Table 1.

Translocations involving band 11p15—Band 11p15 is rearranged in several recurrent,
albeit rare, translocations and inversions detected predominantly in myeloid neoplasia, i.e.,
AML, MDS, and chronic myelogenous leukemia (CML). Approximately one-third of these
chromosome rearrangements involve the NUP98 gene, mapped to 11p15.5, which is fused
with a number of partner genes located at the breakpoints in chromosomes participating in
these balanced aberrations (Nebral et al., 2005; Romana et al., 2006; Gough et al., 2011;
Mitelman et al., 2012). We report two new recurrent translocations involving band 11p15.

t(7;11)(q22;p15.5) [n=4]: The first new recurrent translocation, t(7;11)(q22;p15.5), was
detected in an 87-year-old male diagnosed with refractory anemia with ring sideroblasts
(RARS) where the t(7;11) was the sole chromosome aberration (case 1 in Table 1). The
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patient had no history of chemotherapy or radiation exposure and had received epoetin alfa
for one year prior to enrolling on CALGB 10105 (Gupta et al., 2006). He was treated with
the oral VEGF receptor tyrosine kinase inhibitor vatalanib for two months. He then declined
further therapy in favor of transfusion support only. At the time of last follow-up, his OS
was 52.8 months.

Our review of the literature identified three cases with t(7;11)(q22;p15), all occurring in
AML patients. A 47-year-old male was diagnosed with FAB AML-M6, where t(7;11)
(q22;p15) was part of a complex karyotype. Notably, at diagnosis he had severe anemia with
a hemoglobin level of 17 g/l. He received cytarabine and daunorubicin chemotherapy and
required a second induction because of persistent disease, but did achieve a CR. He refused
additional chemotherapy and had a DFS of 14 months at last follow-up (Kirsch et al., 1985).
The second case, reported in a study screening for the presence of NUP98 rearrangements
by fluorescence in situ hybridization (FISH), was a 65-year-old male with AML who had
t(7;11)(q22;p15) as the sole abnormality. Additional clinical details were not reported
(Nebral et al., 2005). In the third case, t(7;11)(q22;p15) was the sole cytogenetic
abnormality in a 5-year-old female diagnosed with AML-M7. She did not achieve a CR
following cytarabine and daunorubicin-based chemotherapy and died of progressive disease
(Ribeiro et al., 1993). Including our case, three of the four patients with t(7;11)(q22;p15)
had this translocation as a sole chromosome abnormality at diagnosis.

t(10;11)(q23;p15) [n=4]: The second new recurrent translocation involving 11p15, t(10;11)
(q23;p15), was detected in a 52-year-old female diagnosed with AML-M4 who presented
with a white blood cell count (WBC) of 76.5 ×109/l, splenomegaly, and salmonella enteritis
septicemia (case 2 in Table 1). She achieved a CR following a single course of induction
chemotherapy with cytarabine and daunorubicin, and received two cycles of high-dose
cytarabine consolidation followed by two cycles of cytarabine and daunorubicin
maintenance on CALGB 8525 (Mayer et al., 1994). Approximately seven months after her
initial diagnosis, at the end of the second cycle of maintenance, she developed central
nervous system relapse with a cerebellar mass and leukemic blasts in the cerebral spinal
fluid. A bone marrow aspirate and biopsy confirmed marrow relapse. She was treated with
intrathecal chemotherapy and cranial radiation; however, she died approximately three
weeks later due to progressive disease. Her DFS was 8.1 months; her OS was 9.2 months.

There are three reported cases in the literature with t(10;11)(q23;p15), all of whom were
diagnosed with AML. The first patient, a 59-year-old male, was diagnosed with AML-M2
and achieved a CR after receiving what was reported as “standard chemotherapy” (Jankovic
et al., 2008). Five years later, he relapsed; cytogenetic analysis was not performed at this
time, nor was it performed at diagnosis. The patient received two cycles of chemotherapy
with mitoxantrone, cytarabine, and etoposide and achieved a second CR that lasted 8 years.
He then presented, at age 73, with pancytopenia and relapse. Cytogenetic and FISH analyses
revealed a karyotype of 45,X,–Y,t(10;11)(q23;p15) with a NUP98/HHEX fusion gene. The
patient received fludarabine, cytarabine, and filgrastim chemotherapy followed by
intermediate-dose cytarabine and daunorubicin and autologous stem cell transplantation
(SCT). He remained in CR at last follow-up eight years later (personal communication,
Christina Mecucci, February 2012). As cytogenetic findings at diagnosis and at the time of
first relapse are not available, it is unknown whether the t(10;11) was an original, persistent
abnormality, or was acquired during the course of the disease.

The second patient was a 39-year-old male with a history of Hodgkin lymphoma who
developed therapy-related AML (t-AML) 16 years after completing chemotherapy and
radiation for his primary malignancy. He had a complex karyotype containing t(10;11)
(q23;p15) in all abnormal clones. The patient achieved a CR after one cycle of high-dose
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cytarabine and received one cycle of consolidation; he relapsed four months later. His DFS
and OS were five and six months, respectively (Larson et al., 1988). The last case was a 4-
year-old female diagnosed with t-AML-M2 and had a karyotype of 46,XX,t(10;11)
(q22-24;p15)/46,idem,add(6)(p25), 14 months after her diagnosis of ALL (Pui et al., 1995).
She received induction chemotherapy with cytarabine, daunorubicin, and etoposide followed
by allogeneic sibling SCT. She relapsed 45 days after SCT and died of progressive disease,
with an OS of 5.5 months (personal communication, Susana Raimondi, February 2012).

Our patient did not have a history of chemotherapy or radiation exposure and presented with
de novo AML, while two of the three cases with t(10;11)(q23;p15) from the literature had t-
AML (Larson et al., 1988; Pui et al., 1995). Without additional clinical information it is not
possible to determine whether the third reported patient (Jankovic et al., 2008) may have had
t-AML, although the five and eight years elapsed between his first and second relapse,
respectively, might suggest this possibility.

Translocations involving band 12p13—Band 12p13 is a chromosomal locus that is
involved in the most common, cryptic translocation in pediatric B lineage ALL, t(12;21)
(p13;q22), but also is involved in several rare, but recurrent balanced translocations in AML
and MDS (Mitelman et al., 2012). We have identified two new recurrent translocations
involving band 12p13 in patients with AML. Given its occurrence in myeloid and lymphoid
malignancies, this locus may be involved in both ALL and AML pathogenesis.

t(2;12)(p13;p13) [n=3]: We report two male patients with AML who acquired the t(2;12)
(p13;p13) at the time of relapse. The first patient (case 3 in Table 1) was a 76-year-old male
with a history of prostate cancer and radiation therapy who presented with left flank pain
and hematuria, and was found to have a WBC of 18.3 × 109/l with circulating myeloid
blasts. He was diagnosed with AML-M4, had a pretreatment karyotype of
45,XY,der(7)t(7;17)(p11.2;q11.2),–17, and received induction chemotherapy with
cytarabine, daunorubicin, and etoposide on CALGB 9720 (Baer et al., 2011). He achieved a
complete morphologic and cytogenetic remission, and received one cycle of consolidation
with cytarabine, daunorubicin, and etoposide followed by observation. Approximately two
months after his last cycle of chemotherapy, he developed progressive leukocytosis; bone
marrow aspirate and biopsy confirmed relapse. His karyotype at this time was 46,XY,t(3;20)
(q21;q13.3)/46,XY,t(2;12)(p13;p13). The patient received salvage chemotherapy with
etoposide, cytarabine, and mitoxantrone. He developed sepsis and multi-organ system
failure during this treatment and died of progressive disease. His OS was 6.3 months.

Our second patient (case 4 in Table 1) was a 41-year-old man diagnosed with AML-M2 with
t(5;13)(q15;q14) and a marker chromosome, after presenting with night sweats, bilateral
lower extremity edema, weight loss, and a WBC of 68.0 × 109/l. He received induction
chemotherapy with cytarabine, daunorubicin, and etoposide on CALGB 9621 (Kolitz et al.,
2004), and a day 14 bone marrow biopsy was negative for morphologic evidence of disease.
However, he continued to have cytogenetic evidence of disease and on day 54 of induction,
a repeat bone marrow biopsy revealed morphologic relapse. At this time, a second clone that
contained the t(2;12)(p13;p13) in addition to t(5;13)(q15;q14) and a marker chromosome
was acquired. The patient received additional therapy with lintuzumab in combination with
mitoxantrone and cytarabine without a response. His OS was 4.3 months. To our knowledge,
the t(5;13)(q15;q14), detected both at diagnosis and relapse, has not been previously
reported in AML and is included among the unique balanced translocations listed in Table 2
(case no. 27).

In the literature, we identified a patient with t(2;12)(p13;p13), which was also detected at
relapse. A 50-year-old male presented with fatigue, lymphadenopathy, anemia, and
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leukocytosis. His diagnosis was reported by the authors as an overlap between AML, MDS,
and a myeloproliferative disorder, with a normal karyotype (Hagiwara et al., 1998). He was
treated with cytarabine, daunorubicin, 6-mercaptopurine and prednisone, and after achieving
a CR, received four courses of unspecified postremission chemotherapy. Approximately one
year later, he developed bilateral inguinal adenopathy, and had 80% blasts in the bone
marrow. At this time, his karyotype was 46,Y,t(X;13)(q28;q14),t(2;12)(p13;p13). No
additional clinical information was provided about the patient.

In both patients we reported and the one described by Hagiwara et al. (1998), t(2;12)
(p13;p13) was acquired at the time of relapse suggesting that it may play a role in disease
progression rather than being a leukemia initiating event. Notably, neither of our patients
responded to cytarabine and mitoxantrone based chemotherapy and both died shortly after
relapse.

t(12;17)(p13;q12) [n=2]: We report a 21-year-old female with a history of juvenile
rheumatoid arthritis (JRA) who presented with fever, splenomegaly, and a WBC of 32 ×
109/l with circulating myeloid blasts (case 5 in Table 1). She had been receiving treatment
with hydroxychloroquine for her diagnosis of JRA prior to presentation. She was diagnosed
with AML-M2, and a t(12;17)(p13;q12) was detected in both abnormal clones, one of which
had t(12;17) as a sole chromosome abnormality, whereas the other contained +13 in addition
to t(12;17). The patient underwent two inductions with cytarabine and daunorubicin on
CALGB 9222 (Moore et al., 2005), but had residual disease after the second induction and
went on to receive salvage chemotherapy. It is unknown what her further treatment was;
however, her OS was 37.4 months and she is reported to have died from biphenotypic
leukemia.

We identified a single patient with an identical t(12;17)(p13;q12), occurring as a sole
chromosome aberration, in the literature. This was a 20-year-old male who presented with t-
AML 11 years after treatment for ALL with a WBC of 38.7 × 109/l. He received
combination chemotherapy of unknown type but did not achieve a CR. His OS was <2
months (UKCCG 2002).

A translocation very similar to that found in our case 5, which results in the TAF15-ZNF384
fusion gene but was variously described as t(12;17)(p13;q11) (Martini et al., 2002) or
t(12;17)(p13;q12) (Nyquist et al., 2011), has been reported as a recurrent abnormality in
ALL. However, one of the five patients included in a study that cloned the TAF15-ZNF384
fusion gene created as a result of t(12;17) was diagnosed with AML (Martini et al., 2002).
Clinical data of this patient were reported by La Starza et al. (2005). He was a 29-year-old
male who presented with a WBC of 65.6 × 109/l, and was diagnosed with AML-M1; his
karyotype was 46,XY,t(12;17)(p12;q11)/46,idem,i(8)(q10),inc. He received “standard
chemotherapy” and subsequently relapsed and died eight months after diagnosis. Another
patient with AML harboring t(12;17)(p13;q11) was a 23-year-old female diagnosed with
AML-M2, but no information was provided regarding her clinical course (Weinkauff et al.,
1999). While it is at present uncertain whether t(12;17)(p13;q12) and t(12;17)(p13;q11) are
in fact the same translocation, interestingly, all four patients with AML and t(12;17) were
young adults in their twenties, and the outcome of the three patients with data available was
poor.

Other translocations
t(2;3)(p21;p21) [n=2]: Reciprocal translocations between 2p and 3p are very rare in AML;
to date, only two patients with t(2;3) were reported, but breakpoints in these translocations
were different (Wang et al., 2010). We identified a 21-year-old male who presented for
evaluation of a persistent tooth infection, as well as leg and groin cellulitis, and was
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diagnosed with AML-M2 with a karyotype of 47,XY,+9/47,idem,t(2;3)(p21;p21) (case 6 in
Table 1). He achieved a CR following cytarabine and daunorubicin induction chemotherapy
and completed consolidation with high-dose cytarabine followed by mitoxantrone and
diaziquone on CALGB 9222 (Moore et al., 2005). At last follow-up, he was disease-free,
with DFS and OS of 151.8 months and 153 months, respectively.

The second AML patient, reported by Wang et al., (2010), was also male; the t(2;3)
(p21;p21) was detected at the time of relapse together with del(3)(q21q26) and t(7;11)
(p21;p14). His pretreatment karyotype was normal and he was found to harbor an internal
tandem duplication of FLT3 (FLT3-ITD) and an NPM1 mutation. At the time of relapse he
was still FLT3-ITD-positive, whereas NPM1 mutational status was not evaluated. No
additional clinical information was provided.

t(5;21)(q31;q22) [n=4]: We identified a 51-year-old female with Turner syndrome who
presented with mild pancytopenia and was diagnosed with AML-M4 with t(5;21)(q31;q22)
detected as a sole acquired abnormality (case 7 in Table 1). At diagnosis, the marrow was
described as having abundant dyspoiesis within the myeloid cells. The patient required two
cycles of induction chemotherapy with cytarabine, daunorubicin, and etoposide on CALGB
19808 (Kolitz et al., 2010), and achieved a CR on day 75 of induction. Following this, she
received high-dose cytarabine and etoposide for stem cell mobilization followed by
myeloablative treatment with busulfan and etoposide and autologous SCT; however, she
relapsed 6.6 months later and eventually died of progressive disease. Her OS was 11
months.

In the literature, t(5;21)(q31;q22) was reported in a patient with AML as part of a complex
pretreatment karyotype that in addition to t(5;21)(q31;q22) included −7. The patient was a
37-year-old male diagnosed with AML-M2, which was refractory to chemotherapy. The
regimen used for induction was not reported and he died three months following his
diagnosis (Streubel et al., 1998).

t(8;14)(q24;q32) [n=5]: Our first patient (case 8 in Table 1) was a 35-year-old male
diagnosed with AML-M4, who presented with a WBC of 123.2 ×109/l, 80% myeloid blasts
in blood, and t(8;14)(q24.1;q32.2) as a sole chromosome abnormality. He underwent
induction chemotherapy with cytarabine, daunorubicin and etoposide with the multidrug
resistance protein inhibitor valspodar on CALGB 19808 (Kolitz et al., 2010) and achieved a
CR. His consolidation consisted of an autologous SCT with busulfan and etoposide
conditioning after high-dose cytarabine and etoposide for stem cell mobilization. His DFS
was 9.8 months and at the time of relapse a clone with t(8;14) as a sole abnormality was
present. He underwent allogeneic SCT, but died of a cardiopulmonary arrest approximately
two months after the procedure. His OS was 17.3 months.

In the second patient (case 9 in Table 1), t(8;14)(q24.1;q32) was found at the time of relapse.
This occurred in a 57-year-old female who presented with AML-M2 and a normal
karyotype. She required two cycles of induction with cytarabine, daunorubicin, and
etoposide chemotherapy on CALGB 10503 (Blum et al., 2010) to achieve a CR, however,
declined further treatment on protocol and received consolidation with high-dose cytarabine
only. Her DFS was 9.1 months, and at the time of relapse her karyotype contained two
reciprocal translocations, t(8;12)(q22;p11.2) and t(8;14)(q24.1;q32). She received salvage
chemotherapy, including high-dose cytarabine; however, she died of progressive disease.
Her OS was 15.4 months. In both of these cases, the morphology and flow cytometry were
consistent with AML, not Burkitt lymphoma.
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To our knowledge, three patients with AML and t(8;14)(q24;q32) have been previously
reported. A 65-year-old male diagnosed with AML-M2 harbored t(8;14) as part of a
complex karyotype (Solé et al., 1992); no additional information was provided. A second
patient, diagnosed with AML-M0, also presented with t(8;14)(q24;q32) in the context of a
complex karyotype; he did not achieve a CR and died on day 15 with an aplastic bone
marrow (Lee et al., 1987). A third patient, a 59-year-old female also diagnosed with AML-
M0, had t(8;14)(q24.1;q32) and del(7)(q32q34) as the only chromosome abnormalities. The
presence of del(7q) as a secondary abnormality known to be recurrent in AML, and the
results of flow cytometry analysis, supported a myeloid origin of the leukemic cells
(Hoppman-Chaney et al., 2010). FISH demonstrated that while t(8;14) in this patient had led
to creation of a MYC/IGH fusion, this fusion was atypical without the IGH gene disruption
well-known to the MYC/IGH fusion characteristic of Burkitt lymphoma with t(8;14)
(q24.1;q32) (Boerma et al., 2009). This finding, coupled with a lack of increase in MYC
expression demonstrated by real-time polymerase chain reaction analysis (Hoppman-Chaney
et al., 2010), suggests the rare t(8;14) occurring in AML may differ molecularly from t(8;14)
associated with Burkitt lymphoma.

t(10;12)(p11;q15), a translocation previously described in ALL [n=2]: In several
instances, the same primary cytogenetic abnormality has been found to occur both in
patients diagnosed with AML and those diagnosed with ALL. Examples include t(10;11)
(p13;q21), resulting in an MLLT10/PICALM gene fusion, t(9;22)(q34;q11.2)/BCR/ABL1 or
certain translocations involving the MLL gene, such as t(1;11)(p32;q23) or t(11;19)
(q23;p13.3) (Mitelman et al., 2012; http://AtlasGeneticsOncology.org). Therefore, below we
report a translocation detected in an AML patient that has thus far only been reported in a
patient with ALL.

We identified a 24-year-old male who presented with fevers, night sweats and weight loss,
and was diagnosed with AML-M1 with extramedullary involvement of the pleura and
pleural effusions (case 10 in Table 1). He had a t(10;12)(p11;q15) accompanied by +4 in all
abnormal cells. He required two cycles of induction with cytarabine and daunorubicin
chemotherapy on CALGB 8525 (Mayer et al., 1994) to achieve a CR. He was then removed
from study because of non-medical (insurance) issues. He received two cycles of cytarabine
and daunorubicin consolidation, but relapsed eight months after completing this therapy.
Following salvage chemotherapy, he underwent an allogeneic SCT and his OS at the time of
last follow-up was 27.4 months.

To our knowledge, the only published case of t(10;12)(p11;q15) was included in a series of
pediatric patients with early T-cell precursor ALL (Coustan-Smith et al., 2009). The patient
was a 14-year-old female with ALL-L1 who had the following karyotype: 47,XX,
+4,t(10;12)(p11.2;q15)/47,idem,del(5)(q22q35). No other clinical features or outcome were
reported. While there are few similarities identified between these two patients with
t(10;12), each karyotype contained a secondary +4. Trisomy 4 can occur as a sole
abnormality or together with double minutes, but it is rarely seen as an aberration secondary
to recurring balanced abnormalities in AML other than t(8;21)(q22;q22) (Mitelman et al.,
2012). However, our review of the CALGB cytogenetics database and the literature (Carlson
et al., 2000; Nakamura et al., 2003; Mulaw et al., 2012) revealed that +4 is a recurrent
aberration secondary to t(10;11)(p13;q14-21), a translocation which can occur in patients
diagnosed with either AML or ALL (Mitelman et al., 2012).

Unique Balanced Translocations
After our initial evaluation there remained 52 balanced translocations detected in 51 patients
that to our knowledge have not been previously reported by others (cases 11-61 in Table 2).
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Of these, the translocation was a sole aberration in at least one clone in 36 patients, whereas
in 10 patients there was one additional structural, and in five patients one additional
numerical abnormality present. In four patients listed in Table 2 (and one in Table 1), the
constitutional nature of balanced translocations could not be excluded. While we believe
these translocations (detected in patients no. 11, 45, 48, and 55 in Table 2 and patient no. 2
in Table 1) should be reported in our study because they could still represent acquired,
leukemia-related abnormalities, we have clearly indicated their uncertain status in both
Tables.

We reviewed the breakpoints in each of the 52 translocations listed in Table 2 and identified
19 breakpoints as recurrent among our cases. We arranged the patients in Table 2 according
to 12 shared common breakpoints. Of note, each patient is listed only once even though
some translocations contained two recurrent breakpoints. Therefore, some patients harboring
abnormalities with recurrent breakpoints are not grouped together in the Table. These
additional recurrent breakpoints are: 3q25 (cases no. 28 and 47), 4p16 (12 and 48), 5p13 (19
and 49), 12p11.2 (22 and 51), 12q12 (13 and 56), 12q24.1 (18 and 50), and 21q22 (14 and
49). With only one case to evaluate for each translocation it was not possible to ascertain
whether a particular outcome or clinical feature is associated with a specific translocation.
This comprehensive list is presented so that it may become feasible to make clinical
associations once additional patients with these translocations are identified in the future.

Conclusion
Non-random chromosome abnormalities remain an important consideration in the
management of patients with newly diagnosed AML, continuing to provide prognostic
information and guide treatment decisions. To continue to expand cytogenetic classification
and possibly identify novel genes that might serve as the target of therapeutic intervention,
recognition of new, recurrent abnormalities is important. We have identified seven
previously unrecognized as recurrent balanced translocations in myeloid diseases and 52
unique abnormalities. Given the small number of cases with these abnormalities, it is not
currently possible to determine their prognostic significance. However, we provide data on
disease characteristics and clinical outcomes, which, when considered with data from other
studies, should allow us to learn more about the biologic and clinical significance of these
chromosome abnormalities.
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