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Abstract
Background: Clonal chromosomal alterations (CCAs) reflect recurrent genetic changes derived from a single
evolving clone, whereas nonclonal chromosomal alterations (NCCAs) comprise a single or nonrecurrent
chromosomal abnormality. CCAs and NCCAs in hematopoietic cells have been partially investigated in cytopenic
patients without hematological malignancies.
Methods: This single-center retrospective study included 253 consecutive patients who underwent bone marrow
aspiration to determine the cause of cytopenia between 2012 and 2015. Patients with hematological malignancies
were excluded. CCA was defined as a chromosomal aberration detected in more than two cells, and NCCA was
defined as a chromosomal aberration detected in a single cell.
Results: The median age of the patients was 66 years. There were 135 patients without hematological
malignancies (median age, 64 years; 69 females); of these, 27 patients (median age, 69 years; 8 females)
harbored chromosomal abnormalities. CCAs were detected in 14 patients; the most common CCA was −Y in
eight patients, followed by inv.(9) in three patients and mar1+, inv. (12), and t (19;21) in one patient each.
NCCAs were detected in 13 patients; the most frequent NCCA was +Y in four patients, followed by del (20),
+ 8, inv. (2), − 8, and add (6) in one patient each. Moreover, nonclonal translocation abnormalities, including t
(9;14), t (14;16), and t (13;21), were observed in three patients. One patient had a complex karyotype in a
single cell. The remaining 106 patients with normal karyotypes comprised the control group (median age, 65
years; range, 1–92 years; 56 females). Further, follow-up analysis revealed that the overall survival of the NCCA
group was worse than that of the CCA and the normal karyotype groups (P < 0.0001; log-rank test).
The survival of the NCCA-harboring cytopenic patients was worse than that of the CCA-harboring cytopenic
patients without hematological malignancies, suggesting that follow-up should be considered for both CCAand NCCA-harboring cytopenic patients.
Keywords: Clonal chromosomal alterations, Nonclonal chromosomal alterations, Chromosomal instability,
Idiopathic cytopenia without undetermined significance

* Correspondence: oima@med.kagawa-u.ac.jp
†
Hiroyuki Kubo and Akihiro Takeuchi contributed equally to this work.
1
Division of Hematology, Department of Internal Medicine, Faculty of
Medicine, Kagawa University, 1750-1 Ikenobe, Miki-cho, Kita-gun, Kagawa
761-0793, Japan
Full list of author information is available at the end of the article
© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Imataki et al. Molecular Cytogenetics

(2019) 12:46

Introduction
Cytogenetic analysis of karyotype aberrations aims to
determine genetic alterations in congenital disorders
and acquired oncogenesis in tumor cells. In medical
oncology, chromosomal analysis is used for the
diagnosis or prediction of prognosis [1]. The
characterization of malignancies, such as determining
the grade of malignancy, is an alternative use of
chromosomal analysis in cancer genetics. Clonal
chromosomal alterations (CCAs) are recurrent genetic
changes derived from a single evolving clone and conventionally represent the genetic profile of cancer
progression [2], which effectively explains the model
for solid malignancies [3]. Conversely, nonclonal
chromosomal alterations (NCCAs) comprise a single
or nonrecurrent chromosomal abnormality. Both
CCAs and NCCAs have been detected in several cancers such as hematological malignancies and solid tumors. In the cancer progression model, CCAs signify
highly canonical oncogenesis to elucidate cancer
pathogenesis [1]. Primarily, CCAs are considered as
oncogenic genotypic changes that occur in patients
with cancer, whereas NCCAs are considered as a stochastic occurrence and background artifact. However,
NCCAs have been redefined as reliable index markers
for cancer development, and a novel understanding
for chromosomal instability (CIN) has therein been
explained [1]. In addition, recent research on genetic
clonality and CIN in cancer oncology has proposed
NCCAs as an underlying mechanism contributing to
the cancer development. Specifically, chromosomal instability in daughter cells during the duplication of
cancer cells is suggested to the accumulation of new
chromosomal abnormalities. In this scenario, a high
frequency of CCAs in cancer cells indicates stability
whereas a high frequency of NCCAs signifies instability.
Furthermore, genomic instability correlates with an increased frequency of NCCAs but not of CCAs. Thus, although the distinctions between CCAs and NCCAs have
been comprehensively investigated in association with
CIN, the CCA/NCCA ratio in hematopoietic cells of cytopenic patients without hematological malignancies has
remained partially investigated. Thus, this study aimed to
investigate chromosomal abnormalities in bone marrow
cells to elucidate the frequency and variety of the CCA/
NCCA ratio in cytopenic patients without hematological
malignancies.
Materials and methods
Study population and sample preparation

We retrospectively reviewed 253 consecutive patients
who underwent bone marrow aspiration to determine
the cause of cytopenia between 2012 and 2015 at our institution. The patient bone marrow cells were counted
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and resuspended in RPMI medium. In addition, chromosomal analysis by the G-banding method was performed
at an outside laboratory (SRL, Tokyo, Japan) using unstimulated short-term (24–48-h) cultures of bone marrow cells with trypsin digestion. The results were
centrally reviewed by SRL. Furthermore, we determined
the types of chromosomal abnormalities based on the
1995 ISCN criteria [4]: (a) CCAs were defined as the
presence of at least two of the same chromosomal abnormality among the 20–40 mitotic cells that were analyzed [2]; and (b) NCCAs were defined as the presence
of a chromosomal abnormality in a single cell. The 1995
ISCN criteria were also used to determine the presence
of clones with numerical and structural abnormalities.
Clone identification was necessary in cases of structural
abnormalities or hyperdiploids to detect two abnormal
metaphases, and at least three abnormal metaphases
were necessary for hypodiploids. For cases with no detectable chromosomal abnormalities, the karyotype was
considered normal only after a minimum of 20 metaphases were assessed.
Definitions

The current study included patients with idiopathic cytopenia of undetermined significance (ICUS). The ICUS
diagnosis was based on the consensus criteria [5, 6] and
included three or more hematology specialists. In
addition, the myelodysplastic syndrome (MDS) diagnosis
was eliminated for the ICUS diagnosis [5, 7]. Furthermore, the patients had to fulfill the following criteria to
be included in the study: bone marrow blast < 5.0%, single or multi-lineage dysplasia < 10%, and no detection of
CCA indicating MDS.
Ethics approval

The Kagawa University Hospital Institutional Review
Board (IRB) approved the study and submission of
the results for publication. Informed consent to be included in the study was obtained from all subjects
under the IRB protocol. This study was conducted in
accordance with the ethical standards of the responsible committee on human experimentation (Kagawa
University Hospital IRB) and the Helsinki Declaration
(1964, amended most recently in 2008) of the World
Medical Association.

Results
The current study included 253 bone marrow cases (117
females and 136 males; median age, 66 [range, 1–92]
years). There were 135 patients without hematological
malignancies (66 males and 69 females; median age, 64
[range, 1–92] years). Of these, 27 patients (20.0%; median age, 69 [range, 54–81] years; 8 females) harbored
chromosomal abnormalities. CCAs were detected in 14
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patients (10.4%); the most frequent CCA was −Y in eight
patients, followed by inv.(9) in three patients and mar1+,
inv. (12), and t (19;21) in one patient each. In contrast,
NCCAs were detected in 13 patients (9.6%); the most
frequent NCCA was +Y in four patients, followed by del
(20), + 8, inv. (2), − 8, and add (6) in one patient each. In
addition, the nonclonal translocation abnormalities observed in three patients were t (9;14), t (14;16), and t
(13;21), which suggested the presence of a malignancy;
however, a specific malignancy diagnosis was not
reached (Table 1). Of note, only one patient exhibited a
complex karyotype in a single cell. The follow-up analysis revealed that the overall survival was worse in the
14 patients with CCAs compared with the 13 patients
with NCCAs (Fig. 1). The median follow-up periods
were 756 (range, 0–1846), 846 (range, 15–1557), and 91
(0–1246) days in the normal karyotype, CCA, and
NCCA groups, respectively. The total of 11 deaths observed in the normal karyotype group included lung cancer, pharyngeal cancer, hepatocellular carcinoma, acute
myeloid leukemia, aplastic anemia, polymyositis, Wegener granulomatosis, and myasthenia gravis in 2, 1, 2, 1,
2, 1, 1, and 1 patient, respectively. The causes of the
three mortalities in the CCA group were Felty’s syndrome, acute heart failure, and tongue cancer. Finally,
the causes of mortality in the NCCA group were polymyositis, lung cancer, and ICUS in 1, 2, and 2 patients,
respectively.

Discussion
One recent, previously unappreciated characteristic of
NCCA is the clinically meaningful nonrecurrent change in
the chromosome [8]. Although NCCAs are not derived
from a common single ancestor, they can be a reliable
marker for genetic instability. The present study results
revealed that chromosomal abnormalities were present in
an appreciable subset of cytopenic patients (20.0%, 27/
135). While the CCAs were observed in 10.4% (14/135) of
the patients, the NCCAs were present in 9.6% (13/135) of
the study cohort. In the present consecutive cohort study,
the survival rate was lower among the NCCA-harboring
cytopenic patients compared with the CCA-harboring cytopenic patients without hematological malignancies. One
of the clinical implications of NCCAs in patients with cancer is the associated shorter survival compared with those
harboring CAAs [9]. CIN, a critical concept in cancer
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survival, contributes to genetic variations in cancer and
thus may lead to tumor development and drug resistance
[9]. In some hematological malignancies, the clinical role
of NCCA has been discussed as a CIN-derived prognostic
biomarker [10, 11]. As a consequence of cancer chemotherapy, cytotoxic drugs induce damage in both cancerous
and normal cells. Therefore, the newly acquired NCCAs
that occur after initial remission [10] that are unrelated to
pretreatment karyotypes are associated with poor survival
[11]. In solid tumor models, intratumor heterogeneity [12]
has been recognized as a critical mechanism of evolution
through space and time [13]. Until recently, various cancer
evolution models have been proposed and, indeed, different cancer evolution models can explain all cancer types
including acute myeloid leukemia (AML), MDS, and other
solid cancers [14]. However, why cancer evolution is a
precedent condition of AML, such as ICUS, remains unclear [14]. Recently, the concept of clonal evolution has
been demonstrated in the pathogenesis of AML and MDS
[15, 16]. In fact, the disease progression hypothesis is supported by the recent clonal expansion theory in more precise genetic models of MDS pathogenesis [17, 18].
Reportedly, all these theories account for the branched or
parallel evolution models introduced in general review articles [14, 19]. However, it remains unclear whether these
same clonal evolution models can be adapted to elucidate
the transition of MDS to AML. Thus, further studies are
warranted for the precise elucidation of this mechanism.
The implications of CIN in patients with ICUS are difficult to comprehend because the clinical significance of
ICUS is not evident. However, both CCAs and NCCAs
might be associated with malignancy as well as cancer
morbidity and mortality [11]. Somatic chromosomal mosaicism (SCM), a widely applied concept, explains the genetic diversity in each individual or tumor cell and ensures
interindividual/intercellular diversity [20]. A recent review
suggested that chromosomal heterogeneity manifesting as
SCM was associated with pathophysiology in a variety of
human diseases including malignancies, inherited diseases,
and healthy conditions [21]. A representative SCM with
numerical abnormalities is aneuploidy [22], which is commonly observed in various cancer types [23]. SCM is proposed to arise from somatic cell adaptation to stress [24]
and therefore can be considered a biomarker of CIN [22],
which mediates cellular evolution leading to clonal evolution. Because the process underlying SCM involves

Table 1 The characteristics of three cases with nonclonal translocation abnormalities
Age

Sex

Specific CCA

Follow-up period
(months)

Age of the last follow-up

Outcome

Underlying diseases

Cause of death

76

F

t(13;21)(q11;q11.2)

28

78

Alive

Ureteral tumor, chronic thyroiditis

–

76

M

t(14;16)(p24;q24)

0

76

Alive

Hypertension, diabetes mellitus,
angina

–

60

M

t(9;14)(p11.2;q11.2)

4

60

Dead

Acute hepatitis, lymphocytopenia

CMV enteropathy
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Fig. 1 Follow-up of the study patients showing that the overall
survival of the NCCA group is worse than those of the CCA and the
normal karyotype groups (P < 0.0001, log-rank test). CCA, clonal
chromosomal alteration; NCCA, nonclonal chromosomal alteration

chromosomal abnormality as a molecular mechanism, the
theory of oncogenicity can explain the relationship of
disease-associated NCCAs with clinical outcomes [22].
Here, SCM/CIN is a combined cytogenetic/molecular
mechanism that causes adverse events in the cell, which
contributes to clinical significance. Conversely, tissuespecific SCM is another important concept that should be
considered. Even though the specific relationship of SCM
with ICUS and the underlying mechanism have not been
reported [22], the cells of origin in a patient with ICUS
theoretically can escape the natural selection pressure and
become malignant by acquiring CCAs. Accordingly, we
propose the hypothesis that NCCAs in ICUS arise from
endogenous cellular selection in response to various
stresses, which explains the practical incidence of NCCAs
and the current study outcomes. Post-genomic studies for
SCM have been dedicated to unveiling the clinical meaning of chromosomal heterogeneity in pathogenetic contexts. CCAs and NCCAs are essential for genomic
complexity due to their roles in genome heterogeneity,
and their clinical significance is reflected in their involvement in the pathogenesis of a wide spectrum of diseases
by mediating interindividual genetic diversity [2, 9, 21].
Conversely, genetic heterogeneity is a necessary component of not only a wide variety of diseases but also development and aging. Indeed, CCAs and NCCAs might be
useful indicators of clonal cell evolution. CCAs and
NCCAs are essential events for normal cellular function
under stress and represent an altered genome, one of
which contributes to the early events in carcinogenesis.
The current study has several limitations. First, the study
cohort included a small rate of survival events. As the
number of events causing deaths was low, the mortality
and morbidity rates may not be directly associated with
cytopenia or associated diseases. Several studies previously
evaluated the correlation between CIN and cancer-specific
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death [25]. However, similar observational studies determining overall survival estimated that death by any cause
correlated with the type of the underlying cancer [26].
Thus, the present study results suggest a correlation between poor prognosis and CIN in patients with cytopenia.
Second, the current study compared substantially different
molecular mechanisms of CCAs and NCCAs. Therefore,
the cause of mortality may not be directly associated with
survival. As the molecular mechanisms of CCAs and
NCCAs are potentially different, their biological contribution to CIN might be different as well [8]. Current evidence suggests that NCCAs play a vital role in increasing
the number and variation of cancer cell phenotypes [8].
Moreover, therapy responses might be different among
cancer types harboring CCAs and NCCAs, which might
be associated with different post-treatment clinical outcomes. Third, the cytogenetic data in the current study
have not been supported by molecular cytogenetic techniques such as fluorescence in situ hybridization, arraybased comparative genomic hybridization, or single nucleotide polymorphism arrays, which are generally required for studying chromosomes. These molecular
cytogenetic studies, which can provide a post-genomic
perspective focusing on clinical bioinformatics, should be
considered in future studies to complement the current
study findings. In conclusion, the role and origin of CCAs
and NCCAs are genetic heterogeneity contributing to cell
evolution. CCAs and NCCAs can indicate early clinical
significance mediated by genetic diversity. The present
study findings suggest that CCAs and NCCAs should be
considered equally significant in clinical settings. Of note,
the practical implications of these two genetic events
should be elucidated further based on the observed presence of CIN even in asymptomatic patients.
Abbreviations
CCA: clonal chromosomal alterations; CMV: cytomegalovirus
Acknowledgments
None.
Authors’ contributions
OI wrote the manuscript and contributed to the literature search. HK took
part in critical discussions. AT qualified the patient data and suggested
important intellectual content. MU made substantial contributions to the
concept and design of the study. NK was involved in supervision of the
manuscript and managed the research. All authors approved the final
version of the manuscript.
Funding
The authors have no funding sources to disclose concerning this study,
which was supported by internal funding.
Availability of data and materials
The datasets used and analyzed during the current study are available from
the corresponding author on reasonable request.
Ethics approval and consent to participate
Approval for this study was obtained from the Kagawa University Hospital
IRB, who waived consent because the data and samples were de-identified.

Imataki et al. Molecular Cytogenetics

(2019) 12:46

Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.
Author details
1
Division of Hematology, Department of Internal Medicine, Faculty of
Medicine, Kagawa University, 1750-1 Ikenobe, Miki-cho, Kita-gun, Kagawa
761-0793, Japan. 2Department of Clinical Laboratory, Kagawa University
Hospital, Kagawa, Japan.
Received: 9 July 2019 Accepted: 23 October 2019

References
1. Heng HH, Bremer SW, Stevens J, Ye KJ, Miller F, Liu G, et al. Cancer
progression by non-clonal chromosome aberrations. J Cell Biochem. 2006;
98:1424–35.
2. Heng HH, Regan SM, Liu G, Ye CJ. Why it is crucial to analyze non clonal
chromosome aberrations or NCCAs? Mol Cytogenet. 2016;9:15–26.
3. Rajagopalan H, Lengauer C. Aneuploidy and cancer. Nature. 2004;432:
338–41.
4. Mitelman F (ed). ISCN 1995. An international system for human cytogenetic
nomenclature. Basel: S Karger; 1995.
5. Arber DA, Orazi A, Hasserjian R, Thiele J, Borowitz MJ, Le Beau MM, et al.
The 2016 revision to the World Health Organization (WHO) classification of
myeloid neoplasms and acute leukemia. Blood. 2016;127:2391–405.
6. Jain M, Tripathi A. ICUS/CCUS/CHIP: basics & beyond. Expert Rev Hematol.
2017;10:915–20.
7. Malcovati L, Hellström-Lindberg E, Bowen D, Adès L, Cermak J,
Del Cañizo C, et al. Diagnosis and treatment of primary myelodysplastic
syndromes in adults: recommendations from the European
LeukemiaNet. Blood. 2013;122:2943–64.
8. Rangel N, Forero-Castro M, Rondón-Lagos M. New insights in the
cytogenetic practice: karyotypic chaos, non-clonal chromosomal alterations
and chromosomal instability in human cancer and therapy response. Genes
(Basel). 2017;8:155.
9. Vargas-Rondón N, Villegas VE, Rondón-Lagos M. The Role of Chromosomal
Instability in Cancer and Therapeutic Responses. Cancers (Basel) 2018;10: pii: E4.
10. Frias S, Ramos S, Salas C, Molina B, Sánchez S, Rivera-Luna R. Nonclonal
chromosome aberrations and genome chaos in somatic and germ cells
from patients and survivors of Hodgkin Lymphoma. Genes (Basel).
2019s pii: E37.
11. Niederwieser C, Nicolet D, Carroll AJ, Kolitz JE, Powell BL, Kohlschmidt J,
et al., Bloomfield CD8. Chromosome abnormalities at onset of complete
remission are associated with worse outcome in patients with acute
myeloid leukemia and an abnormal karyotype at diagnosis: CALGB 8461
(Alliance). Haematologica. 2016;101:1516–23.
12. McGranahan N, Swanton C. Clonal heterogeneity and tumor evolution: past,
present, and the future. Cell. 2017;168:613–28.
13. Heng HH, Stevens JB, Liu G, Bremer SW, Ye KJ, Reddy PV, et al. Stochastic
cancer progression driven by non-clonal chromosome aberrations. J Cell
Physiol. 2006;208:461–72.
14. Venkatesan S, Swanton C. Tumor evolutionary principles: how intratumor
heterogeneity influences cancer treatment and outcome. Am Soc Clin
Oncol Educ Book. 2016;35:e141–9.
15. Bochtler T, Fröhling S, Krämer A. Role of chromosomal aberrations in clonal
diversity and progression of acute myeloid leukemia. Leukemia. 2015;29:
1243–52.
16. Raza A, Galili N. The genetic basis of phenotypic heterogeneity in
myelodysplastic syndromes. Nat Rev Cancer. 2012;12:849–59.
17. Cargo CA, Rowbotham N, Evans PA, Barrans SL, Bowen DT, Crouch S, et al.
Targeted sequencing identifies patients with preclinical MDS at high risk of
disease progression. Blood. 2015;126:2362–5.
18. Kwok B, Hall JM, Witte JS, Xu Y, Reddy P, Lin K, et al. MDS-associated
somatic mutations and clonal hematopoiesis are common in idiopathic
cytopenias of undetermined significance. Blood. 2015;126:2355–61.
19. Gerlinger M, McGranahan N, Dewhurst SM, Burrell RA, Tomlinson I, Swanton
C. Cancer: evolution within a lifetime. Annu Rev Genet. 2014;48:215–36.

Page 5 of 5

20. Iourov IY, Vorsanova SG, Yurov YB. Chromosomal mosaicism goes global.
Mol Cytogenet. 2008;1:26.
21. Iourov IY, Vorsanova SG, Yurov YB, Kutsev SI. Ontogenetic and pathogenetic
views on somatic chromosomal mosaicism. Genes (Basel). 2019;10:E379.
22. Jackson-Cook C. Constitutional and acquired autosomal aneuploidy. Clin
Lab Med. 2011;31:481–511.
23. Ye CJ, Regan S, Liu G, Alemara S, Heng HH. Understanding aneuploidy in
cancer through the lens of system inheritance, fuzzy inheritance and
emergence of new genome systems. Mol Cytogenet. 2018;11:31.
24. Horne SD, Chowdhury SK, Heng HH. Stress, genomic adaptation, and the
evolutionary trade-off. Front Genet. 2014;5:92.
25. Roylance R, Endesfelder D, Gorman P, Burrell RA, Sander J, Tomlinson I, et al.
Relationship of extreme chromosomal instability with long-term survival in
a retrospective analysis of primary breast cancer. Cancer Epidemiol Biomark
Prev. 2011;20:2183–94.
26. Birkbak NJ, Eklund AC, Li Q, McClelland SE, Endesfelder D, Tan P, et al.
Paradoxical relationship between chromosomal instability and survival
outcome in cancer. Cancer Res. 2011;71:3447–52.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

