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Abstract. The karyotype represents one of the main cornerstones for the International 

Prognostic Scoring System (IPSS) and the revised IPSS-R (IPSS-R) that are most widely used for 

prognostication in patients with myelodysplastic syndromes (MDS). The most frequent 

cytogenetic abnormalities in MDS, i.e. del(5q), -7/del(7q), +8, complex karyotypes, or –Y have 

been extensively explored for their prognostic impact. The IPSS-R also considers some less 

frequent abnormalities such as del(11q), isochromosome 17, +19, or 3q abnormalities. However, 

more than 600 different cytogenetic categories had been identified in a previous MDS study. This 

review aims to focus interest on selected rare cytogenetic abnormalities in patients with MDS. 

Examples are numerical gains of the chromosomes 11 (indicating rapid progression), of 

chromosome 14 or 14q (prognostically intermediate to favorable), -X (in females, with an 

intermediate prognosis), or numerical abnormalities of chromosome 21. Structural 

abnormalities are also considered, e.g. del(13q) that is associated with bone marrow failure 

syndromes and favorable response to immunosuppressive therapy. These and other rare 

cytogenetic abnormalities should be integrated into existing prognostication systems such as the 

IPSS-R. However, due to the very low number of cases, this is clearly dependent on international 

collaboration. Hopefully, this article will help to inaugurate this process. 
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Introduction. Myelodysplastic Syndromes (MDS) 

representing clonal hematopoietic stem cell disorders 

were shown to be highly heterogeneous from clinical, 

phenotypic, cytogenetic,
1,2

 and, more recently, from 

molecular genetic aspects.
3-5

 Cytogenetic abnormalities 

are detectable in 40-60% of patients with de novo MDS 

and in up to 90% of patients with therapy-associated 

MDS (t-MDS) or secondary MDS.
6
 Together with the 

bone marrow blast percentage and peripheral blood 

values (hemoglobin, neutrophils, thrombocytes), the 

karyotype of the hematopoietic cells provides the basis 

for the IPSS-R (international prognostic scoring 

system)
2,7

 and is essential for therapeutic decision 

making in patients with this heterogeneous disorder. 

This is of utmost importance considering the range of 

possible therapeutic strategies
8
 including purely 

supportive concepts, treatment with drugs including 

lenalidomide and demethylating agents (azacitidine and 

decitabine), or allogeneic hematopoietic stem cell 

transplantation (HSCT) for high-risk MDS patients.
9
 

The karyotype furthermore has an important role 

establishing the diagnosis of MDS. During the course 

of the disease, karyotyping contributes to assess the 

response to therapy or may identify clonal evolution as 

a sign of progression.
10

  

The most frequent cytogenetic abnormalities in 

MDS such as del(5q), -7/del(7q), +8, complex 

karyotypes, or –Y have been extensively explored for 

their prognostic impact. Some less frequent isolated 

cytogenetic abnormalities have been characterized for 
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their impact on prognosis such as del(11q) (very good 

prognosis), isochromosome 17q or +19 (intermediate 

prognosis), or inv3/t(3q)/del(3q) (poor prognosis).
2
 

These results found already entrance in the IPSS-R.
7
 

However, there is a much larger variety of cytogenetic 

abnormalities in MDS. In a previous study
1
 

investigating a large cohort of more than 2,000 patients 

with MDS, a total of 684 different cytogenetic 

categories were identified. The wide spectrum of less 

frequent cytogenetic categories includes e.g. gains of 

chromosomes 1 or 1q, 14 or 14q, gains or losses of 

chromosome 21, or loss of one X-chromosome.
1
 Many 

of those rare cytogenetic abnormalities are associated 

with distinct prognostic profiles. So far, these rare 

cytogenetic abnormalities only found limited attention 

in MDS studies. Aiming to focus interest on this issue, 

this review article discusses the role of several selected 

rare cytogenetic abnormalities (Table 1) in patients 

with MDS. Cytogenetic aberrations that had already 

been considered within the IPSS-R
2,7

 (i.e. cytogenetic 

abnormalities that were detected in more than 10 

patients in the large cohort of patients with MDS were 

representing the basis for the cytogenetic scoring 

system of the IPSS-R)
2
 were not included in this 

review article. As a complete summary of all relevant 

rare abnormalities in MDS was beyond the scope of 

this article, the authors focused on a selection of 

abnormalities that were considered to be most 

interesting due to their prognostic relevance, due to 

specific biologic characteristics, or due to associations 

with specific molecular mutations.  

In general, most frequent in MDS are cytogenetic 

losses resulting from monosomies or deletions, mostly 

involving chromosomes 5, 7, 20 or Y. The gain of 

genetic material with the occurrence of total or partial 

trisomies (e.g. of chromosomes 1, 8, 11, and 21) is less 

frequent. Unbalanced translocations may also cause 

losses or gains of genetic material. Different from 

AML balanced structural abnormalities occur only 

rarely in MDS. Some of the most important rare 

cytogenetic abnormalities in MDS are discussed in 

detail in the following, focusing on their frequency, 

their diagnostic meaning, their molecular background 

or associations and their impact on the prognosis 

according to the literature and own findings.  

 

Chromosomal Losses 

Loss of the X-chromosome. Acquired non-

constitutional loss of a sex chromosome (Y-loss in 

males, X-loss in females) is an age-related 

phenomenon, but can also occur in association with 

hematological malignancies.
11-14

 Usually, aberrations of 

the sex chromosomes are numerical losses or gains 

affecting the whole chromosome. Structural changes 

such as partial deletion of X are very rarely detected as 

part of unbalanced translocations or very complex 

aberrations. The loss of the Y-chromosome as a sole 

abnormality belongs to the more frequent cytogenetic 

abnormalities in MDS and is associated with a very 

good prognosis.
2
 In contrast, an acquired loss of the X-

chromosome in females is a rare abnormality in MDS 

and AML and is described to occur as a single 

abnormality in 0.2 – 0.3% of patients with these 

myeloid malignancies only
2,15,16

 and in up to 1.5% in 

combination with other abnormalities.
17

 As a sole 

aberration, loss of X-chromosome in MDS is 

associated with an intermediate prognosis, a median 

overall survival (OS) of 16 months and a median 

leukemia-free survival of 14 months.
2
 As a 

constitutional abnormality, a monosomy X defines 

Turner´s syndrome,
18,19

 but the respective syndrome 

does not seem to be associated with an increased risk 

of hematological malignancies.
20-22

 

By FISH a suitable probe for the detection of the 

sex chromosomes is easily available and can be 

performed on different samples (bone marrow, CD34+ 

myeloid peripheral blood cells, CD3+ peripheral T-

cells).
13,23,24

 Further cytogenetic analyses of e.g. PHA- 

stimulated lymphocytes are needed
11

 to distinguish a 

constitutional monosomy X from an acquired loss of 

the X-chromosome restricted to the hematopoietic 

cells.  
 
Table 1. Frequency of selected rare cytogenetic abnormalities (occurring as non-complex alterations either as isolated abnormalities or in 

combination with one additional abnormality) in a previous study investigating a total of 1,084 patients with de novo MDS (being part of the 

total study cohort consisting of 2,124 MDS patients).1 

 Frequency related to all cases 

Cytogenetic abnormality as non-complex abnormality as isolated abnormality Plus 1 add. abnormality 

Loss of chrom. X 0.74% 0.37% 0.37% 

13q deletion 0.74% 0.37% 0.37% 

Monosomy 21 0.65% 0.28% 0.37% 

Trisomy 11 0.92% 0.55% 0.37% 

Trisomy 13 0.74% 0.37% 0.37% 

Trisomy 14/14q 0.65% 0.28% 0.37% 

Trisomy 21 2.12% 0.46% 1.66% 

der(7)t(1;7)(q10;p10)  0.41%* 0.30%2 0.11%* 

11q23/MLL translocations2 0.41%* 0.20%2 0.21%* 

Chrom.: chromosome; add.: additional; *unpublished data  
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Figure 1. Isolated 13q deletion in a female patient with MDS.  

 

13q Deletion. Deletion of 13q occurs in different 

hematological malignancies, i.e. in lymphatic 

malignancies such as chronic lymphocytic leukemia 

(CLL) or multiple myeloma, but may also be observed 

in myeloid malignancies such as chronic myeloid 

leukemia (CML), myeloproliferative neoplasms 

(MPNs), or MDS (Figure 1). The RB1 gene that had 

been first identified in patients with retinoblastoma
25

 

was shown to be located within the common deleted 

region in leukemic cells carrying a del(13q).
26

 The RB1 

gene is a tumor suppressor gene that is involved in cell-

cycle control and in the process of cell differentiation.
27

 

FISH with probes for RB1 is a useful adjunct to 

cytogenetics when abnormalities of 13q14 are 

detected.
28

 In MDS, the frequency of 13q deletion was 

given around 2%.
27

 In patients with myeloid 

malignancies and occurrence of 13q deletion, a strong 

association to therapy-associated MDS or AML has 

been described.
27

  

It has been suggested that unclassified MDS (MDS-

U) with del(13q) was a benign bone marrow failure 

subset characterized by good response to 

immunosuppressive therapy and a high prevalence of 

PNH clones.
29-31

 Hosokawa et al. investigated 22 

patients showing bone marrow failure with a sole 

del(13q) or with a del(13q) and additional cytogenetic 

abnormalities. All del(13q) patients were diagnosed 

with MDS-U. PNH clones were detected in 19 patients. 

Strikingly, all 14 patients with del(13q) alone and 2 of 

5 patients with additional cytogenetic abnormalities 

responded well to immunosuppressive therapy with 

favorable 10-year OS rates of 83% and 67%. Only two 

patients with additional cytogenetic abnormalities 

developed s-AML.
29

 To further investigate this 

phenomenon, Holbro et al. analyzed 86 patients with 

aplastic anemia (AA) with available cytogenetic 

results. Six patients (7%) showed a del(13q). All but 

one of these patients showed evidence of PNH clones. 

Also in this series, there was a favorable response to 

immunosuppressive therapy and all patients but one 

were still alive after a median follow-up of 105 

months. None of the patients with del(13q) developed 

leukemic transformation. Thus, the patients with bone 

marrow failure and del(13q) from both cohorts (Holbro 

et al.; Hosokawa et al.) showed similar characteristics 

and outcomes. These reports suggest that MDS-U with 

del(13q) may be seen as an overlap condition between 

MDS and AA.  

 

Monosomy 21. Monosomy 21 (-21) as a sole 

abnormality is rare in primary MDS with a frequency 

of 0.3%.
2
 Monosomy 21 may also occur in 

combination with one more cytogenetic aberration, 

reaching a frequency of 0.5% in a large series of 

patients with primary and secondary MDS.
1
 The 

frequency of -21 as part of a complex karyotype is not 

well defined in the literature, possibly due to the small 

number of cases. The knowledge regarding the 

prognostic impact of a sole -21 is limited. In a series of 

8 patients with a -21 as a sole abnormality, the median 

OS was calculated as 32 months and the leukemia-free 

survival as 31.3 months,
2
 which was in good 

accordance with the previous study of Haase et al..
1
 

Thus, an isolated -21 would fit into the intermediate 

risk group according to the IPSS-R.
7
 However, due to 

the very low number of patients, this prognostic 

assessment needs to be considered with caution. 

Monosomy 21 is associated with low peripheral blood 
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values and elevated bone marrow blasts. In 8 patients 

with an isolated -21, reported by Schanz et al., the 

median hemoglobin level was 7.2 g/dl, the median 

platelet count was 35/nl and the median ANC count 

2.2/nl, respectively. The median bone marrow blast 

count was 13%.
2
 The finding of a -21 by karyotyping, 

sometimes, does not reflect a real monosomy but a 

technical artifact that mimics the respective 

abnormality. Loss of chromosome 21 may occur 

randomly by preparing the cells for chromosome 

banding analysis. Thus, the finding of a monosomy 21 

by chromosome banding analysis should be confirmed 

by other techniques like FISH at least if it appears in a 

small mosaic.
32

 

 

Chromosomal Gains. 

Trisomy 11. Isolated trisomy 11 (+11) is a very rare 

abnormality in MDS. The frequency was described 

between 0.2 and 0.3% of all MDS cases.
2,33-35

 Wang et 

al.
33

 report on a retrospective study with a duration of 

15 years including 17 out of 5,000 MDS patients with 

+11 as a sole abnormality (n=10) or as part of a non-

complex karyotype (n=7). The additional abnormalities 

contained trisomies of chromosomes 2, 8, 10, 19 or 22 

without any typical poor-risk abnormalities such as 

chromosome 7 abnormalities. MDS patients with 

trisomy 11 showed a median survival time of 14 

months only and a high frequency of disease 

progression. Within a median interval of 5 months 69% 

of the affected patients developed s-AML, the 

remaining patients progressed to advanced MDS 

stages.
33

  

Trisomy 11 can also occur in patients with AML. 

MDS and AML patients with +11 were reported to 

show early stem cell features with a low degree of 

maturation.
33,35,36

 AML patients with trisomy 11 as 

isolated abnormality or within a non-complex aberrant 

karyotype were reported to show as well adverse 

outcomes with a median OS of only 9 months.
33

 

Alseraye et al.
35

 published a retrospective study 

including more than 20,000 AML patients in a 10-

years-period and found 18 patients (0.09%) with 

isolated +11: 14 patients with de novo AML and 4 

patients with s-AML following MDS who showed a 

median OS of 5 months and an aggressive course of the 

disease. Obviously, +11 does not show any specific 

association to a certain WHO (WHO) or FAB MDS 

subtype or secondary or therapy-related MDS.
33

  

Trisomy 11 affects the MLL gene on 11q23.
37

 Sixty-

four percent of AML and 50% of MDS patients with 

+11 showed MLL partial tandem duplications (MLL-

PTDs).
33

 Twenty to twenty-five percent of AML with 

+11, but no MDS patients with this cytogenetic 

abnormality presented an additional FLT3-ITD 

mutation.
33,38

 

Because of the very low frequency of isolated +11 

in MDS, it was so far assigned to the intermediate risk 

category according to the IPSS and the IPSS-R, 

respectively.
2,7,39

 According to the published literature, 

trisomy 11 seems to be associated with an aggressive 

course of the disease, short OS, and rapid progression 

or leukemic transformation.  

 

Trisomy 13. Trisomy 13 (+13), especially as solitary 

abnormality, is very rare, however it has been observed 

recurrently in myeloid neoplasia, mostly in AML, 

primary myelofibrosis, atypical CML and MDS.
40

 

Isolated +13 in a patient with MDS RAEB was first 

reported in 1989.
41

 A second case report – also MDS 

RAEB - followed in 1990.
42

 In the same year +13 was 

identified as a rare but recurrent abnormality in de novo 

acute leukemia being observed in 8/621 (1.3%) 

consecutive patients (5 AML, 1 acute mixed lineage 

leukemia, 1 ALL, 1 acute undifferentiated leukemia). 

The survival of these patients was poor with a median 

of 9.5 months (range: 0.5 to 14.7 months).
43

 The 

United Kingdom Cancer Cytogenetics Group published 

a survey report on patients with +13 and myeloid 

malignancy. Of the 28 patients reported 5 (18%) had 

MDS (1 RA, 1 RAEB, 5 RAEB-t) while the others had 

AML. In general the OS of the entire group was poor 

(median: 3.0 months, range: 1-96), however no 

prognostic data were available for single patients with 

MDS.
44

 In a multicenter cytogenetic study our group 

observed isolated +13 in 4 (0.2%), with one additional 

abnormality in 4 (0.2%) and in 8 (0.4%) patients as a 

component of complex changes in a cohort of 2,072 

patients with MDS.
1
 This is contrasting the statement 

in the “Huret Atlas” saying that in the majority of cases 

+13 is the only cytogenetic abnormality.
40

 In AML, 

trisomy 13 was shown to be closely associated with 

FLT3 overexpression and cooperating RUNX1 

mutations.
45,46

 

In a large series published by the Mayo Clinic in 

Rochester +13 was detected in 0.2% (n=9) of all MDS 

and 0.7% (n=15) of all AML patients. Furthermore one 

patient with primary myelofibrosis, one with CMML 

and one with pernicious anemia had +13, too. There 

was a clear gender imbalance with 21/27 males. The 

median age was 73 years. In 96% of these cases, +13 

was isolated. In the 9 MDS cases, the majority showed 

blast increase and disgranulopoiesis with 

hypogranulation. Furthermore, 6/9 patients showed 

small monolobated megakaryocytes remembering the 

situation in del(5q) MDS. Two patients with higher risk 

MDS were treated with hypomethylating agents but did 

not respond. Blood values (medians) for the whole +13 

cohort were Hb = 9.0 g/dl (6.2-13), leukocytes = 5.3/nl 

(1.0-264.8) and platelets = 87/nl (11-312). The whole 

trisomy 13 cohort (summarizing the MDS and AML 

patients) revealed a median survival of 5.8 months 

(range: 0.5 – 24).
47

 In 2 older male patients with AML 

and isolated +13 treatment with high dose lenalidomide 

resulted in a sustained morphologic and cytogenetic 

complete remission in this otherwise poor risk 
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cytogenetic subset of AML not responding to standard 

high-dose chemotherapy.
48

 

In conclusion, +13 is a very rare condition in MDS, 

occurring in 0.2 to 0.8% of patients, mostly as an 

isolated change. In AML +13 is a bit more frequent 

with an incidence between 1 and 2%. The majority of 

patients have isolated +13. Most patients are over 70 

years old and are males. Typically, the MDS is 

advanced with blast excess and moderate pancytopenia. 

Although most survival data relate to AML cases, the 

prognosis is bad with median survival ranging between 

less than six months and one year. Patients with AML 

and +13 do not respond to standard intensive 

chemotherapy, and hypomethylating agents for MDS 

patients also might be inefficient although database is 

not satisfying concerning this issue. However, high-

dose lenalidomide could be an option. On a molecular 

level, +13 is associated with an overexpression of 

FLT3 located at the triplicated chromosome. 

Furthermore, there is a close association between +13 

and mutations of RUNX1. 

 

Trisomy 14/14q. Trisomy 14, in general, is extremely 

rare in hematologic malignancies but shows a clear 

association with myeloid neoplasia.
49

 Trisomy 14/14q 

has been mainly observed in MDS and CMML; more 

rarely it has been seen in AML and in atypical 

MDS/MPN overlap syndromes.
49-52

 Most reports in the 

literature refer to single cases or smaller series of 

patients. In the largest series (n=16) published so far, 

10 patients presented with isolated complete trisomy 

14, in one case trisomy 14 represented the second 

evolutionary step in a patient with loss of the Y-

chromosome as primary change. Finally, 5/16 patients 

showed an isolated isochromosome 14q – i(14)(q10) – 

for the long arm, resulting in trisomy 14q. In this 

series, 7/16 patients had MDS (including 4 RAEB-1/-2, 

4 CMML, 4 AML and one atypical MDS/MPN overlap 

syndrome).
50

 The median age was ranging between 67 

and 72 years. There was a male preponderance with 

roughly 70% of patients being of the male gender.  

In a multicenter cytogenetic study we observed +14 

in 3 (0.1%) patients, with one additional abnormality in 

4 (0.2%) and in 9 (0.4%) patients with complex 

changes out of 2,072 patients of the entire cohort.
1
 To 

the best of our knowledge, this is the only published 

report
1
 on the frequency of trisomy 14 as yet. It has to 

be mentioned that cases with i(14)(q10) were not 

included in our dataset. The cumulative incidence 

combining trisomy 14 and i(14)(q10) may be one-third 

higher.  

Hematologic findings in patients with trisomy 

14/14q are inconsistent. Mancini reported a tendency to 

normal or increased platelets while in the case 

collection of Cui patients with MDS showed a broad 

range of platelet levels (23 – 465/µl, median 79/µl). 

Remarkably thrombocytosis was only observed in 2 

RARS cases, whereas in the remaining five MDS cases 

(4 RAEB-1/-2 and 1 RCMD) platelets were low to 

normal (23 – 156/µl, median 75/µl). Patients with 

CMML showed normal to increased platelet counts 

(160 – 626/µl, median 198/µl). Hb values ranged 

between 4.0 g/dl and 12.0 g/dl (median 9.8 g/dl) in the 

review of Mancini with comparable data (median 10.0 

g/dl) in the series of Cui.
50,51

 Leukocytes ranged 

between 2.6/nl and 9.2/nl (median 3.8/nl) in Mancini´s 

series and between 1.6 and 8.8/nl (median 4.2/nl) in 

Cui´s cohort thus being moderately reduced to normal.  

In a literature review, survival data from 18 patients 

suggest an intermediate prognosis.
51

 These data are 

supported by the findings of Cui et al. who reported a 

median survival of 28 months in MDS, 31.5 months in 

MDS/MPN and nine months in AML.
50

  

The only systematic molecular investigation (KIT, 

RAS, FLT3, NPM1, JAK2) in this cytogenetic subgroup 

identified FLT3-ITD in 1/6 MDS at diagnosis later 

transforming to s-AML and KRAS-mutation in 1/7 

MDS patients at the time of leukemic transformation. 

Thus, the molecular background in these cases remains 

to be clarified.
50

 More comprehensive analyzes are 

needed, however surely hampered by the scarcity of 

trisomy14/14q. 

Taken together trisomy 14/14q occurs in less than 

0.5% of patients with MDS as isolated change. The 

abnormality seems to be an early event, and the 

affected cell clones seem to be genetically stable with a 

low tendency to acquire additional changes and a low 

tendency to leukemic transformation.
50

 The 

abnormalities typically can be seen in older male MDS 

patients with and without blast excess. The prognosis 

seems to be intermediate to good. Blood counts 

typically show normal leukocytes or mild 

leukocytopenia, moderate anemia and moderately 

reduced to normal platelets with the exception of 

thrombocytosis in RARS. In CMML, platelets are not 

decreased. The molecular background is unclear. 

Especially the role of oncogenes located at 14q needs 

further elucidation. 

 

Trisomy 21. Trisomy 21 (+21) is well known in the 

context of Down’s syndrome, associated with a marked 

risk to develop AML during childhood. However, 

besides this hereditary disease, +21 may also occur as a 

clonal somatic abnormality in several hematologic 

disorders. In adult de novo AML, trisomy 21 occurs in 

around 3% of patients.
53

 In MDS, +21 as a single 

abnormality (Figure 2) is occurring more rarely. In a 

series of 968 patients published by Solé et al., isolated 

+21 was detected in 0.8% of patients and showed a 

significant association with CMML, where 3.5% of 

patients showed +21 as sole abnormality.
54

 Further 

publications found a comparable incidence, calculated 

as 1.1% of patients showing +21 within a non-complex 

karyotype. Based on a  cohort of 2,901 patients, the 

incidence of +21 as an isolated abnormality was 0.3%, 

assigning this abnormality to the group of rare 
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Figure 2: Isolated trisomy 21 in a male patient with MDS. 

 

abnormalities in MDS. Based on nine patients, the 

authors described an association with a low ANC 

(median 1.9/nl) and a slightly decreased platelet 

(median 105/nl) and hemoglobin (9.1 g/dl) level. The 

median blast count in these patients was 6%, indicating 

an association with higher risk MDS.
2
 The median OS 

was 100.8 months in +21 within a non-complex 

karyotype.
1
 Other publications stated a median OS of 

13.9 months
54

 and 21.5 months 2 respectively, for 

patients showing isolated +21. The median time to 

AML evolution was 100.7 months in the publication of 

Schanz et al..
2
 Solé et al. stated a cumulative AML risk 

of 25% after one year and 50% after five years.
54

 

Taken these results together, the prognostic impact of 

an acquired, isolated +21 in patients with MDS remains 

unclear und has to be stated as intermediate until a 

higher number of patients were analyzed.  

The molecular background of patients showing +21 

in myeloid malignancies remains undefined as yet. 

RUNX1 (=AML1), located on chromosome 8q22, 

commonly involved in t(8;21)/RUNX1-RUNXT1 in 

AML, was shown to be also point mutated in patients 

with myeloid malignancies like AML, MDS and MPN 

with +21.
55

 A Japanese group found a poor prognostic 

impact of intragenic RUNX1 mutations in MDS but did 

not describe a correlation with +21.
56

 

 

Structural Abnormalities. 

Gain of chromosome 1q. Gain of 1q resulting in 

complete or partial trisomy 1q can be due to 

duplications, to the formation of an isochromosome 

i(1q), to the gain of a deleted or a whole chromosome, 

or to unbalanced translocations with different partner 

chromosomes as demonstrated in an MDS case series 

presented by Fonatsch et al.
57

  

 

Isochromosome 1q [i(1q)] may occur in different 

hematological malignancies such as ALL or 

lymphoproliferative disorders, or in solid tumors.
58

 In 

myeloid disorders, i(1q) shows very rare occurrence.
58

 

Pawarode et al. reported on a male patient developing 

t-MDS with isolated i(1q) 14 years after therapy of 

acute promyelocytic leukemia (APL). There was no 

blast increase, and the t-MDS showed only slow 

progression under supportive therapy.
58

 Occasional 

cases with i(1q) as isolated abnormality have also been 

reported as de novo MDS, e.g. a 20-year-old female 

patient with a hypocellular bone marrow who received 

allogeneic HSCT.
59

 Fonatsch et al. reported on a 24 

years old male patient with RAEB-T and isolated i(1q) 

who remained clinically stable over ten months.
57

 

Prognostic assessment of i(1q) is difficult due to the 

rare occurrence.  

 

Duplication of 1q mainly occurs as a secondary event 

in MDS. Occasionally, dup(1)(q21q32) has been 

documented as a sole cytogenetic abnormality in MDS 

patients. Alfaro et al. reported on two MDS patients 

with a sole dup(1)(q21q32). One patient showed a 

clonal cytogenetic evolution with an additional +8; the 

other patient evolved to s-AML.
60

 The authors 

considered duplication of 21q to be prognostically 

adverse in MDS.  

Furthermore, various unbalanced translocations 

may lead to a gain of 1q. Derivative translocation 

der(1;5) was described mostly in patients with AML, 

but also in patients with CML, MPNs, or MDS. The 
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breakpoints of der(1;5) vary from 1q11 to 1q43, with a 

clustering to 1q21-23, and the 5q breaks occurred in 

5q11 to 5q35, with preponderance in the distal 5q3 

region. Derivative translocation der(1;5) was either 

reported as isolated abnormality or in combination with 

other cytogenetic abnormalities.
61

 According to a 

collection of two own cases and a review of the 

literature, Johansson et al. suggested that the 

prognostic impact of the respective abnormality was 

poor as most patients included in this report had died.
61

 

Lunghi et al. summarized several MDS cases with 

der(1)(t;16) from the literature. Male preponderance 

was evident. Patients showed different MDS subtypes 

with or without blast increase, but a high 

transformation rate to s-AML was noted in 4 out of 7 

patients. As shown by FISH analyzes, the respective 

translocation was resulting in a gain of 1q and loss of 

16q.
62

 Another rare unbalanced translocation in MDS 

resulting in a gain of 1q is der(1)(1;13)(q21;p12).
57

  

Hypothetically, the major consequence of these 

unbalanced translocations is the chromosomal 

imbalance resulting from the gain of the long arm of 

chromosome 1q and the loss of genetic material from 

the partner chromosome rather than the chromosomal 

break per se.
62

 This argument is further underlined by 

the fact that the breakpoints within 1q show 

considerable variation depending on the translocation 

partners. Based on the analysis of a large cohort of 968 

patients with MDS, Sole et al. came to the conclusion 

that MDS with 1q involvement shows a poor outcome 

when compared with the overall series of patients. 

However, due to the rare occurrence of this 

abnormality the authors recommended caution with 

regards to this interpretation.
54

  

The most frequently reported unbalanced translocation 

in this context is the derivative translocation 

der(7)t(1;7)(q10;p10) that represents an unbalanced 

whole-arm translocation between the centromere-near 

regions of 7p and 1q and results in unbalanced gain of 

1q and loss of 7q (Figure 3). It mostly occurs in MDS, 

but may also occur in AML (often of secondary origin) 

or myeloproliferative neoplasms (MPNs) such as 

myelofibrosis. The der(7)t(1;7)(q10;p10) has been 

described to occur in 1-3% of MDS cases, more 

frequently in males.
63,64

 In half of all cases, 

der(7)t(1;7)(q10;p10) occurs as sole abnormality, in a 

third of cases it is accompanied by numerical gains 

such as +8 or +21; additional structural abnormalities 

were described in around 15% of affected cases.
63

 Even 

in case of multiple cytogenetic subclones, it could be 

shown that der(1;7) affects all abnormal metaphases. 

Furthermore, the der(1;7) can be identified in all 

affected patients already at first diagnosis of the 

disease
65

 which suggests a high level of genetic 

stability for the respective cytogenetic abnormality.  

A poor prognostic impact and a high risk of 

transformation to s-AML has been described in MDS 

patients carrying der(1;7). Slovak et al. compared the 

prognosis of der(1;7) positive MDS patients with 

patients with chromosome 7 abnormalities (-7 and 7q-; 

both are known to be prognostically highly adverse) 

and found no significant differences with regard to 

leukemic transformation rate or 5-year survival 

between these different cytogenetic risk groups.
64

 On 

the other hand, Sanada et al. retrospectively compared 

 
Figure 3: Karyogramme of a male patient with MDS RCMD showing monosomy 7 and an additional derivative chromosome 

der(7)t(1;7)(q10;p10): 46,XY,+der(7)t(1;7)(q10;p10),-7. The additional chromosome der(7)t(1;7)(q10;p10) and the missing chromosome 7 

are marked by arrows. 
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a cohort of 77 patients suffering from different myeloid 

malignancies (MDS, AML, MPNs) all carrying 

der(1;7) with patients with -7 or 7q. The MDS patients 

with a der(1;7) showed significantly lower blast counts, 

higher hemoglobin levels, and slower progression to s-

AML as compared with the cases carrying other 

chromosome 7 abnormalities.
65

 However, as the 

median survival of the MDS patients with a der(1;7) 

was only 23.7 months in this study
65

 there was no 

doubt that the respective abnormality confers an 

adverse prognosis in patients with MDS. Our 

unpublished data confirm the significant better 

outcome of MDS patients with a der(1;7) as compared 

with patients with -7 or 7q-.
66

 Hsiao et al. documented 

frequent occurrence of previous chemo- or 

radiotherapy or additional cytogenetic changes in 

patients with MDS or AML with der(1;7).
67

 Westman 

et al. described an increased frequency of isocitrate 

dehydrogenase (IDH1 and IDH2) mutations in t-

MDS/AML patients with der(1;7) and other +1q 

abnormalities.
68

 

 

11q23/MLL translocations. Reciprocal translocations 

of 11q23, involving the MLL gene, are frequent in adult 

and pediatric acute lymphoblastic and myeloid 

leukemia. Rearrangements of the MLL gene with 

several partner genes result in various effects on 

hematopoietic stem cells, especially differentiation 

anomalies. Actually, more than 70 translocation 

partners have been identified.
69

 On the molecular level, 

the MLL gene may also be affected by partial tandem 

duplications (MLL-PTDs). 11q23/MLL translocations 

are seen in around 22% of patients with ALL which is 

much more frequent as compared to AML with only 

5% of patients being affected.
70

 In patients with ALL, 

t(4;11) is most frequent, followed by t(11;19). In AML, 

t(9;11) and t(10;11) are most commonly detected.
70

 In 

therapy-related AML/MDS, 11q23/MLL translocations 

are strongly associated with a previous exposition to 

topoisomerase-II inhibitors (e.g. etoposide).
71

 About 

5% of all patients showing 11q23/MLL translocations 

suffer from myelodysplastic syndromes.
72

 11q23/MLL 

translocations are very rare in primary MDS and can be 

found in 0.5% of patients as part of a non-complex 

karyotype.
1
 The frequency of 11q23/MLL 

translocations as sole aberrations in MDS is even lower 

with 0.2% of all patients.
2
 11q23/MLL translocations 

are correlated with the WHO subtypes RA or RAEB-

1.
72

 In the 7 patients with sole 11q23/MLL 

translocations described by Schanz et al., these 

abnormalities were associated with a low hemoglobin 

level (7.9 g/dl) but a normal platelet (140/nl) and ANC 

(6.3/nl) count. The median bone marrow blast count in 

these seven patients was 4.0%. A higher frequency of 

11q23/MLL translocations was described by Solé et al. 

in a study based on 968 patients with MDS. In this 

cohort, sole 11q23/MLL translocations were described 

in 6% of patients.
54

 The authors found no correlation 

with FAB subtypes.  

Regarding the prognostic impact of 11q23/MLL 

translocations in MDS, Solé et al. found a median OS 

of 26 months and a cumulative risk for developing 

acute leukemia of 40% to 1 year and 92% to 5 years,
54

 

but did not discriminate between the different types of 

11q23/MLL translocations. In another study, the 

median OS of patients with 11q23/MLL translocations 

occurring within a non-complex karyotypes was 20 

months.
1
 In this study, primary as well as therapy-

associated MDS patients were included. The largest 

series of patients with a primary, untreated MDS 

described a median OS of 26.7 months and a median 

AML-free survival of 78 months.
2
 However, also due 

to the low number of patients showing 11q23/MLL 

translocations in MDS, their real prognostic impact is 

not well defined for this hematologic entity. 

Consequently, as other rare single abnormalities, 

11q23/MLL translocations were assigned to the 

intermediate risk group in the IPSS and also in the 

IPSS-R.
7,39

  

 

Conclusion. Due to the missing statistical validity 

caused by the low number of cases, rare cytogenetic 

abnormalities that are not considered specifically by 

the IPSS-R are assigned to the prognostically 

intermediate cytogenetic subgroup
2
 corresponding to 

2.0 scoring points within this risk stratification system.
7
 

Although the cytogenetic scoring categories of the 

IPSS-R include already more than 90% of patients with 

MDS,
2
 several patients remain for whom a correct 

cytogenetic classification is not available so far. 

Although a complete overview of all relevant rare 

cytogenetic abnormalities in MDS
1
 is beyond the scope 

of this review, this article provides examples for 

cytogenetic abnormalities that could be integrated into 

risk stratification systems. According to the above-

cited studies and own experience, loss of the X-

chromosome,
2
 loss

1,2
 and gain

2,54
 of chromosome 21, 

and 11q23/MLL translocations are associated with an 

intermediate prognosis. Trisomy 14 is prognostically 

intermediate to favorable.
50,51

 13q deletion is associated 

with favorable response to immunosuppressive 

therapy.
29,30

 The prognostic impact of a 

der(7)t(1;7)(q10;or p10) is less adverse as compared to 

monosomy 7 or 7q deletion.
66

 Trisomy of 

chromosomes 11
33

 and 13
47

 mediates an unfavorable 

impact. These and other examples of prognostically 

relevant rare cytogenetic abnormalities emphasize the 

necessity to expand existing prognostic models and to 

optimize the IPSS-R.
2,7

  

Finally, our working group would like to emphasize 

our interest in collecting additional cases with rare 

cytogenetic abnormalities with the aim to expand our 

database, to increase insights in the cytogenetic 

complexity of myelodysplastic syndromes, and to 

promote the exchange between hematologists 

interested in this issue.  

 

http://www.mjhid.org/


 
Mediterr J Hematol Infect Dis www.mjhid.org 2015; 7: Open Journal System 

Acknowledgements. The authors would like to thank 

Dr. Christina Ganster and Dr. Katayoon Shirneshan 

from the Department of Hematology and Medical 

Oncology, Medical Center Göttingen, for providing the 

figures for this article.  

 

References:  

1. Haase D, Germing U, Schanz J, Pfeilstocker M, Nosslinger T, 

Hildebrandt B, et al. New insights into the prognostic impact 
of the karyotype in MDS and correlation with subtypes: 

evidence from a core dataset of 2124 patients. Blood 2007 Dec 

15; 110(13): 4385-4395. http://dx.doi.org/10.1182/blood-2007-
03-082404 PMid:17726160  

2. Schanz J, Tuchler H, Sole F, Mallo M, Luno E, Cervera J, et 
al. New comprehensive cytogenetic scoring system for primary 

myelodysplastic syndromes (MDS) and oligoblastic acute 

myeloid leukemia after MDS derived from an international 
database merge. Journal of clinical oncology : official journal 

of the American Society of Clinical Oncology 2012 Mar 10; 

30(8): 820-829. http://dx.doi.org/10.1200/JCO.2011.35.6394 
PMid:22331955  

3. Papaemmanuil E, Gerstung M, Malcovati L, Tauro S, Gundem 

G, Van Loo P, et al. Clinical and biological implications of 
driver mutations in myelodysplastic syndromes. Blood 2013 

Nov 21; 122(22): 3616-3627; quiz 3699. 

http://dx.doi.org/10.1182/blood-2013-08-518886 

PMid:24030381 PMCid:PMC3837510 

4. Cazzola M, Della Porta MG, Malcovati L. The genetic basis of 

myelodysplasia and its clinical relevance. Blood 2013 Dec 12; 
122(25): 4021-4034. http://dx.doi.org/10.1182/blood-2013-09-

381665 PMid:24136165 PMCid:PMC3862275  

5. Haferlach T, Nagata Y, Grossmann V, Okuno Y, Bacher U, 
Nagae G, et al. Landscape of genetic lesions in 944 patients 

with myelodysplastic syndromes. Leukemia 2014 Feb; 28(2): 

241-247. http://dx.doi.org/10.1038/leu.2013.336  
PMid:24220272 PMCid:PMC3918868  

6. Larson RA. Therapy-related myeloid neoplasms. 

Haematologica 2009 Apr; 94(4): 454-459. 
 http://dx.doi.org/10.3324/haematol.2008.005157 

PMid:19336749 PMCid:PMC2663607  

7. Greenberg PL, Tuechler H, Schanz J, Sanz G, Garcia-Manero 
G, Sole F, et al. Revised international prognostic scoring 

system for myelodysplastic syndromes. Blood 2012 Sep 20; 

120(12): 2454-2465. http://dx.doi.org/10.1182/blood-2012-03-
420489 PMid:22740453  

8. Bejar R, Steensma DP. Recent developments in 

myelodysplastic syndromes. Blood 2014 Oct 30; 124(18): 
2793-2803. http://dx.doi.org/10.1182/blood-2014-04-522136 

PMid:25237199  

9. Lim Z, Brand R, Martino R, van Biezen A, Finke J, 
Bacigalupo A, et al. Allogeneic hematopoietic stem-cell 

transplantation for patients 50 years or older with 

myelodysplastic syndromes or secondary acute myeloid 
leukemia. Journal of clinical oncology : official journal of the 

American Society of Clinical Oncology 2010 Jan 20; 28(3): 

405-411. http://dx.doi.org/10.1200/JCO.2009.21.8073 
 PMid:20008642  

10. Jabbour E, Takahashi K, Wang X, Cornelison AM, Abruzzo L, 

Kadia T, et al. Acquisition of cytogenetic abnormalities in 
patients with IPSS defined lower-risk myelodysplastic 

syndrome is associated with poor prognosis and transformation 

to acute myelogenous leukemia. American journal of 
hematology 2013 Oct; 88(10): 831-837. 

http://dx.doi.org/10.1002/ajh.23513  
11. Stone JF, Sandberg AA. Sex chromosome aneuploidy and 

aging. Mutation research 1995 Oct; 338(1-6): 107-113. 

http://dx.doi.org/10.1016/0921-8734(95)00016-Y  

12. Wiktor A, Rybicki BA, Piao ZS, Shurafa M, Barthel B, Maeda 

K, et al. Clinical significance of Y chromosome loss in 

hematologic disease. Genes, chromosomes & cancer 2000 Jan; 
27(1): 11-16. http://dx.doi.org/10.1002/(SICI)1098-

2264(200001)27:1<11::AID-GCC2>3.0.CO;2-I  

13. Ganster C BF, Shirneshan K, Kämpfe D, Platzbecker U, 
Söling U, Bramlage CP, Legler TJ, Haase D, Schanz J. Proof 

of Y-Loss As Clonal Abnormality in MDS by Comparative 

Analysis of CD34+ and CD3+ Peripheral Blood Cells. Blood; 
ASH Annual Meeting Abstracts; 2011. p. Abstract 3800.  

14. Forsberg LA, Rasi C, Malmqvist N, Davies H, Pasupulati S, 

Pakalapati G, et al. Mosaic loss of chromosome Y in 

peripheral blood is associated with shorter survival and higher 

risk of cancer. Nature genetics 2014 Jun; 46(6): 624-628. 
http://dx.doi.org/10.1038/ng.2966 PMid:24777449  

15. Abruzzese E, Rao PN, Slatkoff M, Cruz J, Powell BL, Jackle 

B, et al. Monosomy X as a recurring sole cytogenetic 
abnormality associated with myelodysplastic diseases. Cancer 

genetics and cytogenetics 1997 Feb; 93(2): 140-146. 
http://dx.doi.org/10.1016/S0165-4608(97)83556-X  

16. Zeidan A, Phatak P. Acquired biclonal chromosome X 

aberrations without autosomal chromosomal anomalies in 
acute myeloid leukemia. Cancer genetics and cytogenetics 

2008 Mar; 181(2): 125-130. 

 http://dx.doi.org/10.1016/j.cancergencyto.2007.11.010 
PMid:18295665  

17. Byrd JC, Mrozek K, Dodge RK, Carroll AJ, Edwards CG, 

Arthur DC, et al. Pretreatment cytogenetic abnormalities are 
predictive of induction success, cumulative incidence of 

relapse, and overall survival in adult patients with de novo 

acute myeloid leukemia: results from Cancer and Leukemia 

Group B (CALGB 8461). Blood 2002 Dec 15; 100(13): 4325-

4336. http://dx.doi.org/10.1182/blood-2002-03-0772  

PMid:12393746  
18. Turner HH. A Syndrome of infantilism, congenital webbed 

neck, and cubitus valgus. Endocrinology 1938; 23.  

19. Ford CE, Jones KW, Polani PE, De Almeida JC, Briggs JH. A 
sex-chromosome anomaly in a case of gonadal dysgenesis 

(Turner's syndrome). Lancet 1959 Apr 4; 1(7075): 711-713. 

http://dx.doi.org/10.1016/S0140-6736(59)91893-8  
20. Takeshita A, Shinjo K, Yamashita M, Fujisawa S, Naito K, 

Ohnishi K, et al. Extensive cytogenetic studies of clonality 

following interferon-alpha therapy in chronic myeloid 
leukemia occurring in monosomic cells in a patient with 

Turner syndrome mosaic. Leukemia 1999 Nov; 13(11): 1749-

1753. http://dx.doi.org/10.1038/sj.leu.2401528  
PMid:10557048  

21. Saito T, Usui N, Asai O, Yano S, Sugiyama K, Hisatomi M, et 

al. Toxicity and outcome of intensive chemotherapy for acute 
lymphoblastic leukemia complicated with Turner's syndrome. 

Internal medicine 2005 Feb; 44(2): 145-148. 

http://dx.doi.org/10.2169/internalmedicine.44.145 
PMid:15750276  

22. Manola KN, Sambani C, Karakasis D, Kalliakosta G, 

Harhalakis N, Papaioannou M. Leukemias associated with 
Turner syndrome: report of three cases and review of the 

literature. Leukemia research 2008 Mar; 32(3): 481-486. 

http://dx.doi.org/10.1016/j.leukres.2007.06.004 
PMid:17669490  

23. Braulke F, Jung K, Schanz J, Gotze K, Muller-Thomas C, 

Platzbecker U, et al. Molecular cytogenetic monitoring from 
CD34+ peripheral blood cells in myelodysplastic syndromes: 

first results from a prospective multicenter German diagnostic 

study. Leukemia research 2013 Aug; 37(8): 900-906. 
http://dx.doi.org/10.1016/j.leukres.2013.03.019 

PMid:23623559  

24. Braulke F, Platzbecker U, Muller-Thomas C, Gotze K, 
Germing U, Brummendorf TH, et al. Validation of cytogenetic 

risk groups according to International Prognostic Scoring 
Systems by peripheral blood CD34+FISH: results from a 

German diagnostic study in comparison with an international 

control group. Haematologica 2015 Feb; 100(2): 205-213. 

http://dx.doi.org/10.3324/haematol.2014.110452 

PMid:25344522  

25. Godbout R, Dryja TP, Squire J, Gallie BL, Phillips RA. 
Somatic inactivation of genes on chromosome 13 is a common 

event in retinoblastoma. Nature 1983 Aug 4-10; 304(5925): 

451-453. http://dx.doi.org/10.1038/304451a0 PMid:6877367  
26. Morris CM, Cochrane JM, Benjes SM, Crossen PE, Fitzgerald 

PH. Molecular definition of interstitial deletions of 

chromosome 13 in leukemic cells. Genes, chromosomes & 
cancer 1991 Nov; 3(6): 455-460. 

 http://dx.doi.org/10.1002/gcc.2870030607 PMid:1685670  

27. Boyer J. del(13q) in myeloid malignancies. Atlas Genet 

http://www.mjhid.org/
http://dx.doi.org/10.1182/blood-2007-03-082404
http://dx.doi.org/10.1182/blood-2007-03-082404
http://dx.doi.org/10.1200/JCO.2011.35.6394
http://dx.doi.org/10.1182/blood-2013-08-518886
http://dx.doi.org/10.1182/blood-2013-09-381665
http://dx.doi.org/10.1182/blood-2013-09-381665
http://dx.doi.org/10.1038/leu.2013.336
http://dx.doi.org/10.3324/haematol.2008.005157
http://dx.doi.org/10.1182/blood-2012-03-420489
http://dx.doi.org/10.1182/blood-2012-03-420489
http://dx.doi.org/10.1182/blood-2014-04-522136
http://dx.doi.org/10.1200/JCO.2009.21.8073
http://dx.doi.org/10.1002/ajh.23513
http://dx.doi.org/10.1016/0921-8734(95)00016-Y
http://dx.doi.org/10.1002/(SICI)1098-2264(200001)27:1%3c11::AID-GCC2%3e3.0.CO;2-I
http://dx.doi.org/10.1002/(SICI)1098-2264(200001)27:1%3c11::AID-GCC2%3e3.0.CO;2-I
http://dx.doi.org/10.1038/ng.2966
http://dx.doi.org/10.1016/S0165-4608(97)83556-X
http://dx.doi.org/10.1016/j.cancergencyto.2007.11.010
http://dx.doi.org/10.1182/blood-2002-03-0772
http://dx.doi.org/10.1016/S0140-6736(59)91893-8
http://dx.doi.org/10.1038/sj.leu.2401528
http://dx.doi.org/10.2169/internalmedicine.44.145
http://dx.doi.org/10.1016/j.leukres.2007.06.004
http://dx.doi.org/10.1016/j.leukres.2013.03.019
http://dx.doi.org/10.3324/haematol.2014.110452
http://dx.doi.org/10.1038/304451a0
http://dx.doi.org/10.1002/gcc.2870030607


 
Mediterr J Hematol Infect Dis www.mjhid.org 2015; 7: Open Journal System 

Cytogenet Oncol Haematol; 2002. p. 29-31.  
28. Juneau AL, Kaehler M, Christensen ER, Schad CR, 

Zinsmeister AR, Lust J, et al. Detection of RB1 deletions by 

fluorescence in situ hybridization in malignant hematologic 
disorders. Cancer genetics and cytogenetics 1998 Jun; 103(2): 

117-123. http://dx.doi.org/10.1016/S0165-4608(97)00408-1  

29. Hosokawa K, Katagiri T, Sugimori N, Ishiyama K, Sasaki Y, 
Seiki Y, et al. Favorable outcome of patients who have 13q 

deletion: a suggestion for revision of the WHO 'MDS-U' 

designation. Haematologica 2012 Dec; 97(12): 1845-1849. 
http://dx.doi.org/10.3324/haematol.2011.061127 

PMid:22689682 PMCid:PMC3590091  

30. Holbro A, Jotterand M, Passweg JR, Buser A, Tichelli A, 
Rovo A. Comment to "Favorable outcome of patients who 

have 13q deletion: a suggestion for revision of the WHO 
'MDS-U' designation" Haematologica. 2012;97(12):1845-9. 

Haematologica 2013 Apr; 98(4): e46-47. 

 http://dx.doi.org/10.3324/haematol.2012.082875 
PMid:23300181 PMCid:PMC3660003  

31. Ishiyama K, Karasawa M, Miyawaki S, Ueda Y, Noda M, 

Wakita A, et al. Aplastic anaemia with 13q-: a benign subset 
of bone marrow failure responsive to immunosuppressive 

therapy. British journal of haematology 2002 Jun; 117(3): 747-

750. http://dx.doi.org/10.1046/j.1365-2141.2002.03518.x 
PMid:12028052  

32. Van Dyke DL. -21 or monosomy 21 (solely). Atlas Genet 

Cytogenet Oncol Haematol 2003. p. 27-28.  
33. Wang SA, Jabbar K, Lu G, Chen SS, Galili N, Vega F, et al. 

Trisomy 11 in myelodysplastic syndromes defines a unique 

group of disease with aggressive clinicopathologic features. 
Leukemia 2010 Apr; 24(4): 740-747 

 http://dx.doi.org/10.1038/leu.2009.289 PMid:20072149  

34. Pozdnyakova O, Miron PM, Tang G, Walter O, Raza A, Woda 
B, et al. Cytogenetic abnormalities in a series of 1,029 patients 

with primary myelodysplastic syndromes: a report from the US 

with a focus on some undefined single chromosomal 
abnormalities. Cancer 2008 Dec 15; 113(12): 3331-3340. 

http://dx.doi.org/10.1002/cncr.23977 PMid:18988232  

35. Alseraye FM, Zuo Z, Bueso-Ramos C, Wang S, Medeiros LJ, 
Lu G. Trisomy 11 as an isolated abnormality in acute myeloid 

leukemia is associated with unfavorable prognosis but not with 

an NPM1 or KIT mutation. International journal of clinical and 
experimental pathology 2011 Apr; 4(4): 371-377. 

PMid:21577323 PMCid:PMC3093062  

36. Slovak ML, Traweek ST, Willman CL, Head DR, Kopecky 
KJ, Magenis RE, et al. Trisomy 11: an association with 

stem/progenitor cell immunophenotype. British journal of 

haematology 1995 Jun; 90(2): 266-273. 
 http://dx.doi.org/10.1111/j.1365-2141.1995.tb05146.x 

PMid:7794746  

37. Thirman MJ, Gill HJ, Burnett RC, Mbangkollo D, McCabe 
NR, Kobayashi H, et al. Rearrangement of the MLL gene in 

acute lymphoblastic and acute myeloid leukemias with 11q23 

chromosomal translocations. The New England journal of 
medicine 1993 Sep 23; 329(13): 909-914.  

http://dx.doi.org/10.1056/NEJM199309233291302 

PMid:8361504  
38. Bernasconi P, Cavigliano PM, Boni M, Malcovati L, Astori C, 

Castagnola C, et al. Trisomy 11 and a complex t(11;11;22) in a 

patient with acute myelomonocytic leukemia (AML-M4) 
following myelodysplasia (MDS): a cytogenetic study of a 

mechanism of leukemogenesis. Cancer genetics and 

cytogenetics 2000 Jan 15; 116(2): 111-118.  
http://dx.doi.org/10.1016/S0165-4608(99)00117-X   

39. Greenberg P, Cox C, LeBeau MM, Fenaux P, Morel P, Sanz 
G, et al. International scoring system for evaluating prognosis 

in myelodysplastic syndromes. Blood 1997 Mar 15; 89(6): 

2079-2088. PMid:9058730  
40. Lee RC, PD. +13 or trisomy 13. Atlas Genet Cytogenet Oncol 

Haematol; 2012. p. 572-573.  

41. Limon J, Baran W, Babinska M, Hellmann A. Trisomy 13 in a 
case of myelodysplastic syndrome. Cancer genetics and 

cytogenetics 1989 Feb; 37(2): 153-156. 

 http://dx.doi.org/10.1016/0165-4608(89)90043-5  
42. Beverstock GC, Ploem JE, Wessels H, van de Keur D, 

Mollevanger P. Trisomy 13 and myelodysplastic syndrome. 

Cancer genetics and cytogenetics 1990 Sep; 48(2): 179-182. 
http://dx.doi.org/10.1016/0165-4608(90)90117-S  

43. Dohner H, Arthur DC, Ball ED, Sobol RE, Davey FR, 

Lawrence D, et al. Trisomy 13: a new recurring chromosome 

abnormality in acute leukemia. Blood 1990 Oct 15; 76(8): 
1614-1621. PMid:1698482  

44. Mehta AB, Bain BJ, Fitchett M, Shah S, Secker-Walker LM. 

Trisomy 13 and myeloid malignancy--characteristic blast cell 
morphology: a United Kingdom Cancer Cytogenetics Group 

survey. British journal of haematology 1998 Jun; 101(4): 749-

752. http://dx.doi.org/10.1046/j.1365-2141.1998.00760.x  
PMid:9674750  

45. Dicker F, Haferlach C, Kern W, Haferlach T, Schnittger S. 

Trisomy 13 is strongly associated with AML1/RUNX1 
mutations and increased FLT3 expression in acute myeloid 

leukemia. Blood 2007 Aug 15; 110(4): 1308-1316. 

http://dx.doi.org/10.1182/blood-2007-02-072595 
PMid:17485549  

46. Silva FP, Lind A, Brouwer-Mandema G, Valk PJ, Giphart-
Gassler M. Trisomy 13 correlates with RUNX1 mutation and 

increased FLT3 expression in AML-M0 patients. 

Haematologica 2007 Aug; 92(8): 1123-1126. 
http://dx.doi.org/10.3324/haematol.11296 PMid:17650443  

47. Mesa RA, Hanson CA, Ketterling RP, Schwager S, Knudson 

RA, Tefferi A. Trisomy 13: prevalence and clinicopathologic 
correlates of another potentially lenalidomide-sensitive 

cytogenetic abnormality. Blood 2009 Jan 29; 113(5): 1200-

1201. http://dx.doi.org/10.1182/blood-2008-10-182170 
PMid:19179475  

48. Fehniger TA, Byrd JC, Marcucci G, Abboud CN, Kefauver C, 

Payton JE, et al. Single-agent lenalidomide induces complete 
remission of acute myeloid leukemia in patients with isolated 

trisomy 13. Blood 2009 Jan 29; 113(5): 1002-1005. 

http://dx.doi.org/10.1182/blood-2008-04-152678 
PMid:18824593 PMCid:PMC2947363  

49. Tumewu P, Royle G. Myelodysplastic syndrome and trisomy 

14q. Cancer genetics and cytogenetics 1992 Nov; 64(1): 91-92. 
http://dx.doi.org/10.1016/0165-4608(92)90330-B  

50. Cui W, Bueso-Ramos CE, Yin CC, Sun J, Chen S, Muddasani 

R, et al. Trisomy 14 as a sole chromosome abnormality is 
associated with older age, a heterogenous group of myeloid 

neoplasms with dysplasia, and a wide spectrum of disease 

progression. Journal of biomedicine & biotechnology 2010; 
2010: 365318. http://dx.doi.org/10.1155/2010/365318  

PMid:21331167 PMCid:PMC3034993  

51. Mancini M, Cedrone M, Nanni M, Rondinelli MB, Petti MC, 
De Cuia MR, et al. Trisomy 14 in hematologic diseases. 

Another non-random abnormality within myeloid proliferative 

disorders. Cancer genetics and cytogenetics 1993 Mar; 66(1): 
39-42. http://dx.doi.org/10.1016/0165-4608(93)90146-D  

52. Pinkerton PH, London B, Dube ID, Senn JS. Trisomy 14q in 

myelodysplastic syndromes. Cancer genetics and cytogenetics 
1990 Oct 1; 49(1): 113-116. http://dx.doi.org/10.1016/0165-

4608(90)90171-6  

53. Grimwade D, Hills RK, Moorman AV, Walker H, Chatters S, 
Goldstone AH, et al. Refinement of cytogenetic classification 

in acute myeloid leukemia: determination of prognostic 

significance of rare recurring chromosomal abnormalities 
among 5876 younger adult patients treated in the United 

Kingdom Medical Research Council trials. Blood 2010 Jul 22; 

116(3): 354-365. http://dx.doi.org/10.1182/blood-2009-11-
254441 PMid:20385793  

54. Sole F, Luno E, Sanzo C, Espinet B, Sanz GF, Cervera J, et al. 

Identification of novel cytogenetic markers with prognostic 
significance in a series of 968 patients with primary 

myelodysplastic syndromes. Haematologica 2005 Sep; 90(9): 

1168-1178. PMid:16154839  
55. Preudhomme C, Warot-Loze D, Roumier C, Grardel-Duflos N, 

Garand R, Lai JL, et al. High incidence of biallelic point 
mutations in the Runt domain of the AML1/PEBP2 alpha B 

gene in Mo acute myeloid leukemia and in myeloid 

malignancies with acquired trisomy 21. Blood 2000 Oct 15; 
96(8): 2862-2869. PMid:11023523  

56. Harada H, Harada Y, Niimi H, Kyo T, Kimura A, Inaba T. 

High incidence of somatic mutations in the AML1/RUNX1 
gene in myelodysplastic syndrome and low blast percentage 

myeloid leukemia with myelodysplasia. Blood 2004 Mar 15; 

103(6): 2316-2324. http://dx.doi.org/10.1182/blood-2003-09-
3074 PMid:14615365  

57. Fonatsch C, Haase D, Freund M, Bartels H, Tesch H. Partial 

trisomy 1q. A nonrandom primary chromosomal abnormality 
in myelodysplastic syndromes? Cancer genetics and 

cytogenetics 1991 Oct 15; 56(2): 243-253. 

http://dx.doi.org/10.1016/0165-4608(91)90177-V  

http://www.mjhid.org/
http://dx.doi.org/10.1016/S0165-4608(97)00408-1
http://dx.doi.org/10.3324/haematol.2011.061127
http://dx.doi.org/10.3324/haematol.2012.082875
http://dx.doi.org/10.1046/j.1365-2141.2002.03518.x
http://dx.doi.org/10.1038/leu.2009.289
http://dx.doi.org/10.1002/cncr.23977
http://dx.doi.org/10.1111/j.1365-2141.1995.tb05146.x
http://dx.doi.org/10.1056/NEJM199309233291302
http://dx.doi.org/10.1016/S0165-4608(99)00117-X
http://dx.doi.org/10.1016/0165-4608(89)90043-5
http://dx.doi.org/10.1016/0165-4608(90)90117-S
http://dx.doi.org/10.1046/j.1365-2141.1998.00760.x
http://dx.doi.org/10.1182/blood-2007-02-072595
http://dx.doi.org/10.3324/haematol.11296
http://dx.doi.org/10.1182/blood-2008-10-182170
http://dx.doi.org/10.1182/blood-2008-04-152678
http://dx.doi.org/10.1016/0165-4608(92)90330-B
http://dx.doi.org/10.1155/2010/365318
http://dx.doi.org/10.1016/0165-4608(93)90146-D
http://dx.doi.org/10.1016/0165-4608(90)90171-6
http://dx.doi.org/10.1016/0165-4608(90)90171-6
http://dx.doi.org/10.1182/blood-2009-11-254441
http://dx.doi.org/10.1182/blood-2009-11-254441
http://dx.doi.org/10.1182/blood-2003-09-3074
http://dx.doi.org/10.1182/blood-2003-09-3074
http://dx.doi.org/10.1016/0165-4608(91)90177-V


 
Mediterr J Hematol Infect Dis www.mjhid.org 2015; 7: Open Journal System 

58. Pawarode A, Finlay E, Sait SN, Barcos M, Baer MR. 
Isochromosome 1q in a myelodysplastic syndrome after 

treatment for acute promyelocytic leukemia. Cancer genetics 

and cytogenetics 2006 Jun; 167(2): 155-160. 
http://dx.doi.org/10.1016/j.cancergencyto.2005.11.013 

PMid:16737916  

59. Mogul MJ, Brady K, Brothman AR, Adams R, Peterson FB, 
Beatty PG. Myelodysplastic syndrome presenting with clonal 

rearrangement isolated to chromosomal region 1q. Cancer 

genetics and cytogenetics 1997 Jun; 95(2): 210-212. 
http://dx.doi.org/10.1016/S0165-4608(96)00244-0  

60. Alfaro R, Perez-Granero A, Duran MA, Besalduch J, Rosell J, 

Bernues M. dup(1)(q21q32) as a sole cytogenetic event is 
associated to a leukemic transformation in myelodysplastic 

syndromes. Leukemia research 2008 Jan; 32(1): 159-161. 
http://dx.doi.org/10.1016/j.leukres.2007.03.033 

PMid:17509681  

61. Johansson B, Brondum-Nielsen K, Billstrom R, Schiodt I, 
Mitelman F. Translocations between the long arms of 

chromosomes 1 and 5 in hematologic malignancies are 

strongly associated with neoplasms of the myeloid lineages. 
Cancer genetics and cytogenetics 1997 Dec; 99(2): 97-101. 

http://dx.doi.org/10.1016/S0165-4608(97)00198-2  

62. Lunghi M, Casorzo L, De Paoli L, Riccomagno P, Rossi D, 
Gaidano G. Derivative (1)t(1;16)(p11;p11.1) in 

myelodysplastic syndrome: a case report and review of the 

literature. Cancer genetics and cytogenetics 2010 Jan 1; 
196(1): 89-92. 

http://dx.doi.org/10.1016/j.cancergencyto.2009.07.003 

PMid:19963141  
63. Huret JL. t(1;7)(q10;p10). Atlas Genet Cytogenet Oncol 

Haematol; 1999. p. 31-32.  

64. Slovak ML, O'Donnell M, Smith DD, Gaal K. Does MDS with 
der(1;7)(q10;p10) constitute a distinct risk group? A 

retrospective single institutional analysis of clinical/pathologic 

features compared to -7/del(7q) MDS. Cancer genetics and 
cytogenetics 2009 Sep; 193(2): 78-85. 

 http://dx.doi.org/10.1016/j.cancergencyto.2009.04.013 

PMid:19665067  

65. Sanada M, Uike N, Ohyashiki K, Ozawa K, Lili W, Hangaishi 
A, et al. Unbalanced translocation der(1;7)(q10;p10) defines a 

unique clinicopathological subgroup of myeloid neoplasms. 

Leukemia 2007 May; 21(5): 992-997. 
 http://dx.doi.org/10.1038/sj.leu.2404619  

66. Ganster C, Haferlach C, Vandenberghe P, Raynaud S, Sole F, 

Kröger N, et al. Prognostic impact of der(1;7) in MDS is 
different from del(7q), Poster Abstract 185. Haematologica 

2013; 80.  

67. Hsiao HH, Sashida G, Ito Y, Kodama A, Fukutake K, 
Ohyashiki JH, et al. Additional cytogenetic changes and 

previous genotoxic exposure predict unfavorable prognosis in 

myelodysplastic syndromes and acute myeloid leukemia with 
der(1;7)(q10;p10). Cancer genetics and cytogenetics 2006 

Mar; 165(2): 161-166.  
http://dx.doi.org/10.1016/j.cancergencyto.2005.09.003 

PMid:16527611  

68. Westman MK, Pedersen-Bjergaard J, Andersen MT, Andersen 
MK. IDH1 and IDH2 mutations in therapy-related 

myelodysplastic syndrome and acute myeloid leukemia are 

associated with a normal karyotype and with 
der(1;7)(q10;p10). Leukemia 2013 Apr; 27(4): 957-959. 

http://dx.doi.org/10.1038/leu.2012.347 PMid:23192014  

69. Tamai H, Inokuchi K. 11q23/MLL acute leukemia : update of 
clinical aspects. Journal of clinical and experimental 

hematopathology : JCEH 2010; 50(2): 91-98. 

 http://dx.doi.org/10.3960/jslrt.50.91 PMid:21123966  
70. De Braekeleer M, Morel F, Le Bris MJ, Herry A, Douet-

Guilbert N. The MLL gene and translocations involving 

chromosomal band 11q23 in acute leukemia. Anticancer 
research 2005 May-Jun; 25(3B): 1931-1944. PMid:16158928  

71. Andersen MK, Johansson B, Larsen SO, Pedersen-Bjergaard J. 

Chromosomal abnormalities in secondary MDS and AML. 
Relationship to drugs and radiation with specific emphasis on 

the balanced rearrangements. Haematologica 1998 Jun; 83(6): 

483-488. PMid:9676019  
72. Huret J. 11q23 rearrangements in leukaemia. Atlas Genet 

Cytogenet Oncol Haematol; 2003. p. 257-261. 

 
 

http://www.mjhid.org/
http://dx.doi.org/10.1016/j.cancergencyto.2005.11.013
http://dx.doi.org/10.1016/S0165-4608(96)00244-0
http://dx.doi.org/10.1016/j.leukres.2007.03.033
http://dx.doi.org/10.1016/S0165-4608(97)00198-2
http://dx.doi.org/10.1016/j.cancergencyto.2009.07.003
http://dx.doi.org/10.1016/j.cancergencyto.2009.04.013
http://dx.doi.org/10.1038/sj.leu.2404619
http://dx.doi.org/10.1016/j.cancergencyto.2005.09.003
http://dx.doi.org/10.1038/leu.2012.347
http://dx.doi.org/10.3960/jslrt.50.91

