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Abstract

Background—Jumping translocations (JT) are uncommon cytogenetic abnormalities involving
non-reciprocal translocations of a single donor chromosome onto two or more chromosomes. The
clinical characteristics and prognosis of JTs in patients with myeloid malignancies are not well
described.

Materials and Methods—\We searched our cytogenetic database from 2003 to 2014 to identify
cases of myeloid malignancies associated with a JT. These cases were cross-referenced with our
clinical databases to determine patient characteristics, response to treatment and overall survival.

Results—We identified 10 patients with myeloid malignancies and a JT: 4 cases of acute
myeloid leukemia (AML) with MDS-related changes, 4 cases of myelodysplastic syndrome
(MDS) and 2 cases of post-polycythemia myelofibrosis. The donor segment was derived from
chromosome 1 in every case. The acquisition of a JT was a late ocurrence, with a median time to
JT development of 24.9 months (range 0-248 months) from diagnosis. The overall response to
treatment was poor, with no patients achieving a response to conventional chemotherapy or
hypomethylating agents. The median overall survival for the group was 9 months (95% CI
2.5-15.5) after identification of a JT.

Conclusion—The acquisition of a JT in patients with myeloid malignancies appears to be a late
event and is associated with myelodysplasia. In our series, this was associated with a poor
prognosis with patients having a poor response to treatment, disease transformation to AML and
short overall survival.
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Introduction

Methods

Results

Jumping translocations (JT) are non-reciprocal chromosomal translocations of a single
donor chromosome or chromosome fragment onto two or more recipient chromosomes 1.
This was first identified in Prader-Willi Syndrome in the 1970s but has subsequently been
described as an acquired cytogenetic change in several human cancers 2. Jumping
translocations are uncommon but have been recurrently observed in solid and hematologic
cancers, including several cases involving myeloid malignancies 1 3-6, Jumping
translocations involving chromosome 1 as the donor segment are the most frequently
described, although the reason for this predilection is unknown. Several other chromosomes
including 3, 11, 15, and 21 have also been reported to act as a donor chromosome 1.3 5.6,
Case reports and small series of JTs in myeloid malignancies report poor outcomes; however
the implications of this unusual cytogenetic event are poorly understood. We report on a
series of patients with myeloid neoplasms and JT with the goal of determining the
clinicopathologic characteristics and response to treatment.

We searched our cytogenetic database for “jumping translocation” from the 2003 to 2014 to
identify cases of JTs within our institution. This database was cross-referenced with a
clinical database containing patient characteristics, treatments and outcomes. Disease
subtypes were classified according to 2008 WHO classification 7. Response to treatment for
acute myeloid leukemia (AML) was determined according to IWG 2003 criteria, response
for myelodysplastic syndrome (MDS) was determined according to IWG 2006 criteria and
response for polycythemia vera (PV) and myelofibrosis (MF) according to IWG 2013
criteria 811, Overall survival was calculated from the time of the first acquisition of a JT
using the Kaplan-Meier method and data was censored at death or the last follow-up.
Conventional chromosomal analysis was performed on G-banded metaphase cells from
unstimulated 24-hour and 48-hour bone marrow aspirate cultures using standard techniques.
Twenty metaphases were analyzed when possible and the results were reported using the
international System for Human Cytogenetic Nomenclature (ISCN 2013)12.

Baseline clinical characteristics and prior therapy

We identified 10 patients with myeloid neoplasms with a JT in our database from 2003 to
2014 (tables 1-3). The database contained approximately 20,000 individual patient cases
with myeloid neoplasms during this time period. At the time of JT identification, 4 patients
had acute myeloid leukemia (AML), 4 patients had myelodysplastic syndrome (MDS) and 2
patients had post-polycythemic myelofibrosis (post PV-MF). Of the 4 patients with AML all
were classified as AML with myelodysplasia-related changes (AML-MRC), and 2 had a
preceding diagnosis of MDS. Both patients with post PV-MF had the JAK2 V617F
mutation. Only one patient had a JT identified on cytogenetic analysis at the time of their
initial diagnostic bone marrow exam. The median time from initial diagnosis to
identification of a JT was 24.9 months (range 0-248 months).
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The individual treatments and corresponding responses prior to the identification of the JT
are shown in table 3. The median number of therapies prior to identification of a JT was 2
(range 0-4), with only one patient not receiving treatment. Treatments prior to the
development of a JT were diverse and included cytotoxic chemotherapy, hypomethylating
agents, immunomodulatory drugs, targeted small molecule inhibitors and growth factors.
The two patients with AML (patient 1, 2) prior to the identification of the JT had poorly
responsive disease. Patient 1 was treated with a regimen containing Ara-C and idarubicin
and achieved a morphologic CR on a post-induction marrow, yet cytogenetics on that
marrow demonstrated acquisition of JT, and the patient relapsed and died shortly thereafter
with no additional therapy. Patient 2 was treated with 4 different regimens without response
prior to developing a JT. The 6 patients with a preceding diagnosis of MDS (patient 3-8) had
a more variable response to therapy prior to identification of a JT, with 4 of these patients
achieving a CR, PR or hematologic improvement with therapy. Both patients with post-PV
MF had experienced long (>5 years), relatively indolent disease courses with responses to
treatment prior to identification of a JT.

Cytogenetic characteristics

The donor and recipient chromosomes involved the jumping translocation are described for
each case in table 1 and the karyotype at diagnosis and for the jumping translocation is show
in table 2. In all JTs identified, the donor segment was derived from chromosome 1. Donor
chromosome breakpoints were identified at: 1q10 (n=2), 1g11 (n=3), 1921 (n=2), 1925
(n=1), 1p11 (n=1), 1p22 (n=1). Besides the JTs, additional cytogenetic abnormalities were
present in 8 cases (table 2). The additional cytogenetic abnormalities, including del(5q),
del(7q), and -17, are generally considered to confer an intermediate or adverse prognosis in
the MDS and AML cases even in the absence of a JT 13. 14,

After identification, 6 patients had a JT that was observed again at a subsequent bone
marrow aspiration, and the median time that the JT persisted between serial samples was 6
months (range 4.7 to 10.8 months). Four patients had a JT identified only on a single bone
marrow sample: two patients died shortly after the bone marrow showing a JT (patient 1, 2),
one patient had disappearance of the JT with treatment (patient 4) and another patient is
alive but has not had another bone marrow aspirate performed (patient 9). Disappearance of
the JT translocation was observed in 2 patients; one patient with MDS (patient 7) was
treated with high-dose therapy and allogeneic transplant and the other with AML (patient 4)
was treated with clofarabine, idarubicin and Ara-C followed by allogeneic transplant. Figure
1 shows a sample chromosomal karyotype for case 4.

Response to treatment

Nine patients received disease-directed treatment after identification of a JT, which is
described in table 3. One patient (patient 1) with AML had a jumping translocation
identified after induction chemotherapy and relapsed and died prior to subsequent treatment.
Treatments were heterogeneous and six patients were enrolled on clinical trials involving
investigational therapy. Overall, the response to treatment after identification of a JT was
poor. None of the four patients with AML achieved a complete remission (CR) with
treatment. One patient with AML achieved a partial remission (PR: >50% reduction in
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blasts) and received an allogeneic stem cell transplant and is currently alive in remission
approximately 3 months after transplant. Three patients with MDS received therapy with
hypomethylating agents (azacitidine, n=2; SGI 110, n=1). One of these patients (patient 5)
received only one cycle of therapy and did not have another bone marrow exam, although he
died related to MDS 11 months later. Neither of the other 2 patients with MDS (patients 7,
8) had a hematologic response, bone marrow morphologic response or cytogenetic response
according to IWG 2006 criteria 8. One of these patients (patient 7) later received high-dose
therapy with lenalidomide, melphalan and fludarabine followed by allogeneic cord-blood
transplant, which was given as part of a clinical trial. This patient had a bone marrow
aspirate performed on day 34 after transplant which showed donor engraftment without clear
evidence of MDS, although the patient died on day 73 from complications related to graft
vs. host disease. One patient with MDS-RAEB?2 (patient 6) received treatment with
fludarabine and Ara-C and then progressed to AML and subsequently died. One patient with
post-PV MF (patient 10) progressed to AML while being treated with an experimental
BCL-2 inhibitor. The other patient with post-PV MF (patient 9) was recently diagnosed as
having progressed to myelofibrosis and is alive and continuing treatment with hydroxyurea.
The median overall survival after identification of a JT was 9 months (95% CI 2.5-15.5
months) (figure 2).

Discussion

The occurrence of jumping translocations in hematologic malignancies is rare and the
clinicopathologic characteristics and the response to therapy in these patients are poorly
defined. Our series of patients provides important insights into this unusual genetic
aberration. While evidently rare, the incidence of JTs may be under-estimated in our series
as cases that were not explicitly reported as a JT would not have been identified. In our JT
series, chromosome 1 was the only donor chromosome identified, and this has been most
frequently reported in other cases of myeloid malignancy associated with a JT 1. 3. 15,
Chromosome 1 is the largest human chromosome and alterations involving chromosome 1
are frequently found in many types of cancer 16. The donor breakpoints we identified
frequently involved areas of centromeric DNA (1q10, 1q11, 1p11) 17. Another donor
breakpoint, 1921, is an area that encompasses several genes but also contains a large area of
repetitive DNA, which may predispose to crossover events 16. Chromosomes 3 and 11 have
also been identified as donor chromosomes in previous reports of myeloid neoplasms
associated with JT 35 6, The tendency for chromosome 1 to act as a donor chromosome in
these events is poorly understood, but this bias suggests a predisposing mechanism or
survival advantage associated with this change. It has been reported that the gain or
amplification of the cyclin-dependent kinases regulatory subunit 1B (CKS1B) gene located
on 1g21 can override the DNA damage response barrier, promote tumor development and is
associated with an adverse prognosis in multiple myeloma 18. 19,

Chromosome 1 also contains large areas of constitutive heterochromatin which may
predispose to centromeric instability and fusion events 16. Furthermore, DNA excision repair
at areas of heterochromatin on chromosome 1 has been reported to be inefficient relative to
other areas 20. Sawyer et al have reported that JTs involving chromosome 1 are associated
with decondensation of pericentric DNA 21, They propose a model suggesting that
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decondensation may lead to partial endoreplication of the 1q segment resulting in a triradial
chromosome 1, which predisposes to cross-over events or translocation of one chromatid to
an area of telomeric DNA on another chromosome. Shortening of telomeres on recipient
chromosomes has been reported in some cases of JT which may promote fusion with a
donor chromosome 1% 22. 23  although this is not universally described 24.

Three patients (patients 1, 6, 9) in our series had a common cytogenetic abnormality present
at diagnosis and at the time of identification of a JT. This finding suggests that, for these
patients, the acquisition of JTs occurred in one of the original clones. For example, patient 1
initially had del(5)(q13933) and this abnormality persisted 1.4 months later when a JT was
identified. Interestingly, chromosome 5 also acted as a recipient chromosome and the
location of the breakpoint was identical to site of the deletion. Patient 9, had an additional
chromosome 9 present at diagnosis and when a JT was identified, and this chromosome also
acted as a recipient chromosome. The subsequent involvement of the abnormal/extra
chromosome as a recipient chromosome in these cases suggests these abnormalities were
unstable. Patient 6 initially had t(10;21)(g26;921) and later had t(3;10;21) (q27;025;022)
present at the time a JT was identified, also suggesting an evolutionary relationship between
these clones.

Six patients initially had a diploid karyotype. Serial molecular testing was not performed in
these patients so somatic mutations could not be used to determine the relationship between
the original and later clones for any case. Three patients with an initial diploid karyotype
acquired other cytogenetic abnormalities prior to acquiring a JT. Patient 2 had cytogenetic
analysis performed on a bone marrow aspirate 10 weeks prior to the acquisition of a JT that
showed a deletion of chromosome 1 (del(1)(p13)). In this case, it seems plausible that this
deletion could represent a transition stage, occurring prior to replication and fusion of the
deleted segment onto the recipient chromosomes. Patient 3 and 10 were initially diploid and
acquired del(6)(q13923) and del(20)(q11.2) respectively, although neither of these
chromosomes were later involved in a JT. Patient 8 was the only patient that had a JT
identified at the time of diagnosis, with a translocation identified between chromosome 1
and chromosome 7 as well as a translocation involving chromosome 1, an unknown
chromosome and chromosome 19. Interestingly, the breakpoint of chromosome 1 differed
for these two translocations (110 and 1g21), although only the 1910 fragment was involved
in subsequent JTs. As well, the translocation between chromosome 1 and 19 was lost on the
subsequent karyotype but recurred on a karyotype 11 months after diagnosis, although the
unknown chromosome fragment was not involved in this later translocation.

The clinical characteristics of our cohort reinforce the available evidence that JTs are
strongly associated with myelodysplasia. Our series of 10 patients included 4 patients with
MDS and 4 patients with AML; the 4 patients with AML either had preceding MDS or a
diagnosis of AML with MDS related changes. One patient with post-PV MF also had
significant dysplasia in all myeloid lineages, and was classified as having a probable
overlapping diagnosis of MDS and post-PV MF on several bone marrow examinations. Of
note, the median time to identification of a JT was over 2 years from the date of diagnosis,
which suggests that this is a late event during the disease course. In contrast, a recent study
reporting on the acquisition of other cytogenetic abnormalities in MDS reported a median
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time from diagnosis to development of an additional abnormality of 8 months (range 1-77
months) (Jabbour, AJH, 2014). However, two patients (patient 1, patient 8) in our series
developed a JT shortly after diagnosis (<3 months) and interestingly both had complex
cytogenetic abnormalities at diagnosis. Our findings are consistent with a previous study by
Najfeld et al on a series of MDS (n=16) and MPN (n=7) patients that also reported that the
development of a JT appears to be a late event 4. They reported 8 patients (MDS=5,
MPN=3) had a JT identified at the time of diagnosis and the remainder evolved over time.
The median time to development of JT for the cohort that evolved was 34 and 47 months in
patients with MDS (n=11) and MPN (n=4) respectively. The late acquisition of a JT suggests
the development of chromosomal instability and dysfunctional DNA repair over time related
to disease progression and/or to treatment.

Most of our patients had received treatment prior to the development of a JT, and some cases
of JTs may have originated from DNA breakage occurring during chemotherapy and
treatments affecting DNA repair. No predisposing sensitivity to DNA damage such as a
diagnosis of Fanconi's anemia or dyskeratosis congenita was identified in any patient,
although no definitive conclusions about this relationship can be ascertained in this analysis
due to the small sample size, heterogeneous nature of treatments, and retrospective nature of
this review. Nagai et al (2010) have previously reported on a case of a persistent JT that was
present in an AML patient after achieving remission, suggesting the abnormality could be
related to prior therapy 2°. The patient's initial karyotype was 46, X, —=X,+10 (17/20 cells)
and she attained a first CR with anthracycline, Ara-C and etoposide therapy. She relapsed 3
years later and was treated with a similar regimen again achieving CR. Her first bone
marrow to reveal a JT was 2 years after achieving the 2"d CR and the karyotype showed a
translocation between 1921 and 7936. Subsequent bone marrow aspirates showed further
translocations of 1921 with chromosome 13 and the X chromosome. The JT persisted for 15
years on repeat bone marrow examinations despite remaining in remission with no evidence
of therapy related MDS. The authors of this case speculated that the JT occurred in non-
leukemic cells and might be therapy-related.

Most importantly, our results suggest that patients with myeloid neoplasms associated with a
JT have poor responses to chemotherapy and shortened survival. None of the patients we
identified had a durable response to conventional chemotherapy or hypomethylating agents,
although 2 patients achieved remission with intensive chemotherapy and allogeneic
transplant however the follow-up period for these patients is short. Furthermore, JTs appear
to be associated with a high risk for transformation to AML with 2 patients having a JT
present at the time of transformation and 2 patients progressing to AML shortly after
identification. This increased risk has been similarly described in another cohort of patients
with MDS and MPN associated with a JT, where approximately 25% of patients transformed
to AML at a median of 8-9 months from identification . Similarly, Jabbour et al report that
the acquisition of other cytogenetic abnormalities in lower-risk MDS is associated with a
higher risk of transformation to AML (RR 2.6, 95% CI 1.5-4.5) and a median overall
survival of only 17 months 26, Although our group is heterogeneous, the median overall
survival is very low and appears to be most similar to patients with AML and a complex
karyotype or very high risk MDS (IPSS-R) where the median survival is estimated to be less
than 1 year 13: 14 While we cannot determine the independent prognostic value of JTs due to
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the relatively small and heterogeneous nature of our study, our findings suggest an overall
poor prognosis associated with JT acquisition, in terms of treatment resistance, disease
progression and short overall survival. Future studies examining the prognostic impact of
cytogenetic abnormalities in AML and MDS should consider studying jumping
translocations as distinct entities to further elucidate their independent prognostic value.

Conclusion

Our findings indicate that JTs are rare events in myeloid malignancies and that chromosome
1 is most frequently observed as the donor chromosome. In our series, the acquisition of a
JT occurred late in the disease course and appears to be associated with the finding of
dysplasia on bone marrow morphology. Most patients were resistant to treatment with
chemotherapy after identification and the overall survival was short, suggesting JTs are
associated with a poor prognosis.
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Clinical Practice Point

The acquisition of a jumping translocation in myeloid malignancies may
indicate a poor prognosis with increased risk of transformation to AML and
resistance to chemotherapy.
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Case #4. A: karyotype, 46,XY,der(6)t(1;6)(q11;p25); B — E: derivative chromosomes of 7,
10, 12, Y from jumping translocation of t(1;v). For more details see Table 1 and 2.
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