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Abstract. The karyotype is highly important for diagnosis
and prognosis in myelodysplastic syndrome (MDS). The
objective of the present study was to investigate the cytoge-
netic characteristics of patients with MDS in China. The
karyotypes of 665 Chinese patients with MDS were analyzed,
and it was identified that 298 cases (298/665, 44.8%) had
abnormal karyotypes. Among the 298 patients with abnormal
karyotypes, the 75 patients with trisomy 8 (+8) constituted
the most common subset (75/298, 25.2%). The incidence
of abnormal karyotypes was significantly higher in patients
who were =51 years old compared with those <51 years old,
(54.8 vs. 34.7%, respectively; P<0.05). Based on World Health
Organization (WHO) classification-based Prognostic Scoring
System (WPSS) criteria, the incidence of poor-prognosis
karyotypes was significantly higher (17.4 vs. 5.4%; P<0.05) in
the older patient group, and based on the Revised International
Prognostic Scoring System (IPSS-R) criteria, the incidence of
poor-/very poor-prognosis karyotypes was also significantly
higher (17.4 vs. 6.6%; P<0.05) in patients =51 years old
compared with younger ones. Based on the WHO classifica-
tion of MDS subtypes, the incidence of abnormal karyotypes
in patients with high percentages of bone marrow (BM) blasts
[excess blasts (EB)-I + EB-II, =5% blasts] was significantly
higher than that in patients with low percentages of BM
blasts (those with single lineage dysplasia + multilineage
dysplasia, <5% blasts) (62.5 vs. 36.0%; P<0.05). The incidence
of poor-prognosis karyotypes based on WPSS criteria was
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significantly higher in patients with high percentages of BM
blasts than those with low percentages (22.0 vs. 6.9%, respec-
tively; P<0.05), and the incidence of poor-/very poor-prognosis
karyotypes based on IPSS-R criteria was also significantly
higher (23.0 vs. 7.4%, respectively; P<0.05). These results
demonstrate that +8 is the most common abnormal karyotype
in Chinese patients with MDS. Age and the percentage of
BM blasts are associated with the incidence of both abnormal
karyotypes and karyotypes with poor prognosis. The results
of cytogenetic abnormalities in this study will supplement the
data on patients of MDS in China.

Introduction

Myelodysplastic syndrome (MDS) is a malignant clonal
disease with high heterogeneity, which originates from
hematopoietic stem cells. MDS is characterized by decreased
numbers of peripheral blood cells and ineffective hematopoiesis,
with a high risk of transformation to acute myeloid leukemia
(AML) (1,2). In view of the high heterogeneity of MDS, the
World Health Organization (WHO) divides MDS into several
subtypes (3): MDS with multilineage dysplasia (MDS-MLD),
MDS with single lineage dysplasia (MDS-SLD), MDS with
excess blasts-I (MDS-EB-I), MDS with excess blasts-II
(MDS-EB-II), MDS with ring sideroblasts (MDS-RS), MDS,
unclassifiable (MDS-U), and MDS with isolated del(5q). In
addition to differences in morphology and clinical features,
there are some differences in chromosome karyotype and
prognosis among the different WHO subtypes (4). The annual
incidence of MDS is ~4/100,000 population, but increases to
40-50/100,000 for individuals aged =70 years, which suggests
that the incidence rate of MDS increases substantially with
age (5,6). The association of MDS with increasing age may be
associated with genetic damage (7). Chromosome karyotype,
an independent prognostic factor for MDS, has important
significance in the diagnosis, treatment and prognosis of
MDS management (8). In Asian, European and American
countries, the incidence of MDS chromosomal abnormali-
ties is 40-60% (9-12). However, the distribution of specific
chromosomal abnormalities in MDS varies among different
geographic regions (11-13).
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To better understand the biology of MDS in the Chinese
population, the karyotypes of 665 Chinese patients with
MDS were analyzed in the present study, and the different
karyotype characteristics in different classification/prognosis
groups were evaluated according to the WHO classifica-
tion, WHO classification-based Prognostic Scoring System
(WPSS) and Revised International Prognostic Scoring System
(IPSS-R).

Materials and methods

Patients. A total of 665 patients with MDS who visited
the Department of Hematology, Xiyuan Hospital, China
Academy of Chinese Medical Sciences (Beijing, China)
from January 2011 to September 2019 were included in the
study. Criteria for inclusion in the study were as follows: A
confirmed diagnosis of MDS; both bone marrow and periph-
eral blood blasts <19%; and having not been treated. Patients
with secondary MDS were excluded. Of the 665 patients,
355 were male and 310 were female, corresponding to a
male-to-female ratio of 1.15. The median age of the patients
was 51 years (range, 6-86 years). According to the WHO clas-
sification, 423 patients (63.6%) were classified as MDS-MLD,
120 patients (18.0%) as MDS-EB-I, 80 patients (12.0%)
as MDS-EB-II, 24 patients (3.8%) as MDS-SLD, 14
patients (2.0%) as MDS-RS, 2 patients (0.3%) as MDS-U and
2 patients (0.3%) as MDS with isolated del(5q) (Table I). The
study protocol was approved by the Clinical Research Ethics
Committee of Xiyuan Hospital, China Academy of Chinese
Medical Sciences. All patients provided written informed
consent to participate in the study.

Diagnostic and classification criteria. All patients with MDS
were diagnosed on the basis of the 2007 Vienna criteria (1), and
their disease subtypes were classified according to 2016 WHO
criteria (3).

Cytogenetic prognostic groups. Cytogenetic prognostic groups
were established based on the WPSS (2011) (14) and IPSS-R
(2012) criteria (15). WPSS cytogenetic categories are as
follows: Good-prognosis karyotype group, including normal,
-Y, del(5q) and del(20q); intermediate-prognosis karyotype
group, including other abnormalities with the exception of
those with good-prognosis or poor-prognosis karyotypes;
and poor-prognosis karyotype group, including complex
(=3 abnormalities) or chromosome 7 abnormalities. IPSS-R
cytogenetic categories are as follows: Very good-prognosis
karyotype group, including-Y and del(11q); good-prognosis
karyotype group, including normal, del(5q), del(12p), del(20q),
and del(5q) with one additional abnormality; interme-
diate-prognosis karyotype group, including del(7q), trisomy
8 (+8), +19, i(17q) and any other single or double independent
clones; poor-prognosis karyotype group, including-7, inv(3)/
t(3q)/del(3q), -7/del(7q) with one additional abnormality and
complex abnormalities (3 abnormalities); very poor-prognosis
karyotype group, including complex abnormalities (>3 abnor-
malities).

Cytogenetic analysis. Fresh bone marrow (BM) cells were
cultured in RPMI-1640 (HyClone; Cytiva) supplemented

with 20% fetal calf serum (HyClone; Cytiva) and 3 pg/ml
recombinant human granulocyte colony-stimulating factor
(Xiamen Amoytop Biotech Co., Ltd.) at 37°C for 24 h, and
G-banding (16) was used for cytogenetic analysis. Karyotypes
were classified and recorded according to the International
System for Human Cytogenetic Nomenclature (2009) (17).
At least 20 metaphases were analyzed in each sample, and the
karyotypes with more than two chromosomal abnormalities
were defined as complex karyotypes.

Statistical analysis. Data reported in the study relate to the
time of diagnosis. All statistical analyses were performed
using SPSS 23.0 (IBM Corp.) software. Independent-samples
t-test was used to compare the means of two groups. y* tests
or the Fisher's exact tests were used to compare proportions of
two or multiple groups. The Bonferroni correction was used
for multiple comparisons. P<0.05 was considered to indicate
a statistically significant difference. When the Bonferroni
correction was used, the a-level and P-values were adjusted.

Results

Chromosomal abnormalities and common abnormal
karyotypes in patients with MDS. Among the 665 patients,
367 (55.2%) had a normal karyotype while 298 (44.8%)
had abnormal karyotypes. The patients with abnormal
karyotypes comprised 124 cases (124/665, 18.6%) with
numerical abnormalities, 105 cases (105/665, 15.8%) with
structural abnormalities, 55 cases (55/665, 8.3%) with complex
abnormalities and 14 cases (14/665, 2.1%) with abnormalities
both in number and structure (Table I, Fig. 1A).

Among the patients with single chromosome abnor-
malities, there were 75 cases (75/665, 11.3%) with +8, 38 cases
(38/665, 5.7%) with del(20q), 27 cases (27/665, 4.1%) with
-7/del(7q), 21 cases (21/665, 3.2%) with del(5q), 15 cases
(15/665, 2.3%) with -Y, 8 cases (8/665, 1.2%) with del(11q),
8 cases (8/665, 1.2%) with +21, 5 cases (5/665, 0.8%) with
inv(3)/del(3q) and 3 cases (3/665, 0.5%) with +19.

Overall, +8 was the most frequent single abnormal
karyotype in the present cohort. Of the 75 patients with +8,
59 (59/665, 8.9%) had only the +8 abnormal karyotype,
11 (11/665, 1.7%) had +8 with one additional abnormality, and
5 (5/665,0.8%) had +8 with complex abnormalities. Among the
27 patients with chromosome 7 abnormality, 8 (8/665, 1.2%)
had isolated-7, 3 (3/665, 0.5%) had isolated del(7q), 10 (10/665,
1.5%) had-7 or del(7q) with one additional abnormality, and
6 (6/665, 0.9%) had-7 or del(7q) with complex abnormalities.
Among the 21 patients with del(5q), 12 (12/665, 1.8%) had
del(5q) in isolation, 4 (4/665, 0.6%) had del(5q) with one
additional abnormality, and 5 (5/665, 0.8%) had del(5q) with
complex abnormalities (Fig. 1B). Among the 55 patients with
complex karyotypes, 26 (26/665, 3.9%) had 3 chromosomal
abnormalities and 29 (29/665, 4.4%) had >3 abnormalities.

Cytogenetic risk based on two MDS prognostic scoring
systems. When the prognoses of the patients were evaluated
on the basis of their karyotype analysis using WPSS criteria,
416 (416/665, 62.6%) of all patients were classified as having a
good prognosis, 173 (173/665, 26.0%) as having intermediate
prognosis and 76 (76/665, 11.4%) as having a poor prognosis



Table I. Cytogenetic data of patients with MDS according to the WHO (2016) classification.
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“Numerical and structural abnormalities. MDS, myelodysplastic syndrome; WHO, World Health Organization; MLD, multilineage dysplasia; SLD, single lineage dysplasia; EB-I, excess blasts-I; EB-II,

excess blasts-I1I; MDS-RS, MDS with ring sideroblasts; MDS-U, MDS, unclassifiable; MDS del(5q), MDS with isolated del(5q).

Table II. Comparison of median age and PB blasts between
normal and abnormal karyotype groups.

Group Age, years PB blasts, %
Normal karyotype 45.03£19.19 3.26+4.34
Abnormal karyotypes 53.54+17.94 3.99+4.59
P-value <0.001 0.395

Data are expressed as mean + standard deviation. PB, peripheral
blood.

(Fig. 2A). The patient cohort was also evaluated using the
IPSS-R system, which classified 12 (12/665, 1.8%) patients as
having very good cytogenetic prognosis, 407 (407/665, 61.2%)
as having a good prognosis, 166 (166/665, 25.0%) as having
an intermediate prognosis, 51 (51/665, 7.6%) as having a
poor prognosis and 29 (29/665, 4.4%) as having a very poor
prognosis (Fig. 2B).

Incidence of chromosomal abnormalities in different age
groups. Chromosomal abnormalities were examined in
patients with MDS of different age groups, and differences
were observed in the incidence of abnormal karyotypes
across the age groups. The incidence of abnormal karyotypes
was 28% (14/50) in <20-year-old patients, 25.8% (24/93) in
patients 21-30 years old, 36.3% (33/91) in patients 31-40 years
old, 45.4% (44/97) in patients 41-50 years old, 50.4% (62/123)
in patients 51-60 years old, 57.5% (69/120) in patients
61-70 years old, 58.0% (40/69) in patients 71-80 years old, and
54.5% (12/22) in >80-year-old patients (Fig. 3A).

All patients were divided into two age groups using the
median age of 51 years as the cutoff. Among the 331 patients
aged <51 years, 115 (115/331,34.7%) had abnormal karyotypes,
18 (18/331, 5.4%) had poor-prognosis karyotypes based on
WPSS criteria and 22 (22/331, 6.6%) had poor-/very poor-prog-
nosis karyotypes based on IPSS-R criteria. Among the
334 patients who were =51 years old, 183 (183/334, 54.8%) had
abnormal karyotypes, 58 (58/334, 17.4%) had poor-prognosis
karyotypes based on WPSS criteria and 58 (58/334, 17.4%)
had poor-/very poor-prognosis karyotypes based on IPSS-R
criteria. The incidence of abnormal karyotypes was signifi-
cantly higher in patients aged=51 years compared with those
aged <51 years (54.8 vs. 34.7%, respectively; P<0.05), and the
incidence of poor-prognosis karyotypes based on WPSS criteria
(174 vs. 5.4%, respectively) and of poor-/very poor-prognosis
karyotypes based on IPSS-R criteria (17.4 vs. 6.6%, respec-
tively) were also significantly higher (P<0.05) in patients
aged=51 years than in younger patients (Fig. 3B-D).

The mean ages of patients with normal and abnormal
karyotypes were also compared, and the results revealed
that the mean age of patients with abnormal karyotypes
was significantly higher compared with that of patients with
a normal karyotype (53.54+17.94 vs. 45.03+19.19 years,
respectively; P<0.001; Table II).

Incidence of chromosomal abnormalities across different
WHO classification groups. When classified using the
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WHO (2016) criteria, the cohort of 665 patients with MDS was
segregated into the following groups: SLD, 24 cases including
8 cases (8/24, 33.3%) with abnormal karyotypes; MLD,
423 cases including 153 cases (153/423, 36.2%) with abnormal
karyotypes; RS, 14 cases including 9 cases (9/14, 64.3%)
with abnormal karyotypes; EB-I, 120 cases including
78 cases (78/120, 65.0%) with abnormal karyotypes; EB-II,
80 cases including 47 cases (47/80, 58.7%) with abnormal
karyotypes; MDS with isolated del(5q), 2 cases including
1 case with isolated del(5q) and 1 case with one additional
abnormality; and MDS-U, 2 cases including 1 case (1/2, 50%)
with one abnormality.

As shown in Table III, the +8 abnormality was found in
all WHO subtypes with the exception of MDS-U and MDS
with isolated del(5q), and was more prevalent than other
abnormalities in those subtypes; del(20q) was found in all
subtypes with the exception of MDS-U; and -7/del(7q) and
del(5q) were more common in EB-I and EB-II than in other
subtypes.

The incidence of abnormal karyotypes in cases of EB-I
(65.0%) and EB-II (58.7%) was significantly higher compared

with that in MLD (36.2%) (adjusted P<0.005). Furthermore,
the incidence of abnormal karyotypes in EB-I (65.0%) was
significantly increased compared with that in SLD (33.3%)
(adjusted P<0.005). However, no significant differences were
identified in the incidence of abnormal karyotypes among the
other subtypes of MDS (Fig. 4A).

The incidence of abnormal karyotypes in patients with
high percentages of BM blasts (EB-I + EB-II, =5% blasts)
was significantly higher compared with that in patients with
low percentages of BM blasts (SLD + MLD, <5% blasts),
at 62.5 and 36.0%, respectively (P<0.05). The incidence
of poor-prognosis karyotypes based on WPSS criteria was
significantly higher in patients with high percentages of
BM blasts than in those with low BM blast percentages
(22.0 vs. 6.9%, respectively; P<0.05), as was the incidence
of poor-/very poor-prognosis karyotypes based on IPSS-R
criteria (23.0 vs. 7.4%, respectively; P<0.05) (Fig. 4B-D).

In addition to BM blasts, the mean percentages of periph-
eral blood blasts were also compared between patients with
normal and abnormal karyotypes, and no significant difference
was identified (Table II).
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Table III. Frequency of common chromosomal abnormalities among WHO subtypes of MDS.

No. of frequent chromosomal abnormalities (%)

Subtypes No. of patients Abnormal +8 del(20q) -7/del(7q) del(5q)
MLD 423 153 (36.2) 39 (9.2) 24 (5.7) 15 (3.5) 8 (1.9
SLD 24 8(33.3) 1 42) 1(4.2) 0 0

EB-1 120 78 (65.0) 20 (16.7) 6(5.0) 6 (5.0) 5 42
EB-II 80 47 (58.7) 11 (13.8) 3(3.8) 5 (6.3) 5 (63)
MDS-RS 14 9 (64.3) 4 (28.6) 3(214) 0 1 (7.1)
MDS-U 2 1 (50.0) 0 0 1 (50.0) 0

MDS del(5q) 2 2 (100.0) 0 1 (50.0) 0 2(100.0)

MDS, myelodysplastic syndrome; WHO, World Health Organization; MLD, multilineage dysplasia; SLD, single lineage dysplasia; EB-I,
excess blasts-I; EB-II, excess blasts-I1I; MDS-RS, MDS with ring sideroblasts; MDS-U, MDS, unclassifiable; MDS del(5q), MDS with isolated
del(5q).
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Discussion

The median age of MDS onset differs between Asian and
Western countries. MDS is considered to be a disease associ-
ated with aging in Western countries, and the median and mean
ages at diagnosis in Western countries are ~70 years (7,18,19).
However, the median age at which patients are diagnosed
with MDS in Asian countries is lower, and ranges from 49 to
58 years in China (11,20).In the present study, the median age
was 51 years, which is consistent with previous studies.
According to the literature, 40-60% of patients with MDS
possess cytogenetic abnormalities in both Chinese and Western
populations (10-12). The results of the present study indicate
that the incidence of chromosomal abnormalities in Chinese
patients with MDS was 44.8%, corroborating previous data.
Previous studies have shown that the most common
karyotype abnormalities differ between patients with MDS in

China and those in Western countries. While +8 is the most
common karyotype abnormality in patients with MDS from
China and other Asian countries, the most common karyotype
abnormality in Western patients with MDS is del(5q) (21-23).
In the present study, 75 patients had the +8 abnormality,
accounting for 25.2% of the abnormal karyotypes. This genetic
difference may partially explain the differences in clinical
characteristics and prognosis between Asian and Western
patients with MDS, and suggests that targeted treatments
should be considered for different patient groups with different
karyotype abnormalities.

There are other differences in the distribution of prog-
nostic karyotypes between Chinese and Western patients with
MDS. In data from Western populations (15), the IPSS-R
cytogenetic categories were found to be distributed as follows:
4% of patients had very good-prognosis karyotypes; 72% of
patients had good-prognosis karyotypes; 13% of patients
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had intermediate-prognosis karyotypes; 4% of patients had
poor-prognosis karyotypes; and 7% of patients had very
poor-prognosis karyotypes. By comparison, Qu et al (24)
reported that in Chinese populations, the distributions of the
IPSS-R cytogenetic categories were as follows: 2% of patients
had very good-prognosis karyotypes; 43% had good-prognosis
karyotypes; 36% had intermediate-prognosis karyotypes;
7% had poor-prognosis karyotypes; and 12% had very
poor-prognosis karyotypes. The data from the present study
revealed that very good-prognosis karyotypes were present
in 1.8% of patients, good-prognosis karyotypes in 61.2%,
intermediate-prognosis karyotypes in 25.0%, poor-prognosis
karyotypes in 7.6% and very poor-prognosis karyotypes
in 4.4%. The differences in the data between Chinese and
Western patients with MDS are mainly in the karyotypes
with good and intermediate prognosis, which may be because
del(5q) is the most common abnormality in the West while +8
is the most common abnormality in Chinese patients. However,
the data in the present study differ from the results reported by
Qu et al (24), suggesting that further study using larger patient
cohorts is warranted.

Previous studies have shown that aging is an adverse prog-
nostic factor for MDS (25,26). The present study identified that
the mean age of patients with abnormal karyotypes was higher
than that of patients with a normal karyotype. Furthermore,
the incidence rates of chromosomal abnormalities and karyo-
types with poor prognosis were both significantly increased in
>51-year-old patients. Thus, it may be inferred that both chro-
mosomal abnormalities and karyotypes with poor prognosis
are more common in Chinese patients with MDS who are
=51 years old than in younger patients. Therefore, it appears
that the adverse effects of aging on prognosis may be associ-
ated with the higher incidence of poor-prognosis karyotypes
in older patients.

As the disease progresses, the incidence of chromosomal
abnormalities in patients with MDS gradually increases from
30-40% in the early stage of the disease to 50-70% in the
advanced stage (12,20). The progression of MDS involves an
increase in the number of blasts and a reduction in the number
of peripheral blood cells, which can eventually develop into
AML or BM failure. A previous study has proposed that the
incidence of abnormal karyotypes in patients with early MDS is
lower than that in patients with advanced MDS, and secondary
chromosomal abnormalities are likely to occur in advanced
cases (27). Chromosomal abnormalities can also affect the devel-
opment of AML in patients with MDS (15,27). According to the
WHO classification, the BM blast percentages in the SLD and
MLD subtypes of MDS are <5%, while in the EB-I and EB-II
subtypes they are =5%. The data in the present study showed
clear differences in the incidence of chromosomal abnormali-
ties and of poor-prognosis karyotypes between the subtypes
with <5% BM blasts and those with =5% blasts. Specifically,
chromosomal abnormalities and poor-prognosis karyotypes
were more common in the patients with a high percentage of
blasts, which is consistent with previous reports (23,24).

The evolution of chromosome karyotype is closely associ-
ated with the progression of MDS, which may be related to the
genetic instability caused by chromosomal aberrations (7,28).
As a result of genomic alteration and clonal expansion, some
malignant clones may gain proliferation advantages and be

prone to transformation into leukemic clones, while other
clones may be eliminated by selection mechanisms (7,29).

While chromosome karyotype is important, it is just one of
several independent factors affecting the prognosis of MDS. It
should be considered together with other prognostic factors,
including the degree of cytopenia in peripheral blood, the
percentage of BM blasts and WHO subtypes. It is clear that
the incidence and types of chromosomal abnormalities vary
among different regions of the world. Some countries have
proposed a more suitable prognosis scoring system for their
own populations (30,31). However, at present, there is no MDS
prognosis score system suitable for Chinese populations. The
present study data, together with larger datasets collected in
future studies, will collectively contribute to the formulation
of a more accurate MDS prognosis scoring system for Chinese
patients in the future.
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