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Background
Azacitidine (AZA) is standard care for patients with myelodysplastic syndrome (MDS) 
who have not had allogeneic stem cell transplantation. Chromosomal abnormalities (CA) 
including complex karyotype (CK) or monosomal karyotype (MK) are associated with clin-
ical outcome in patients with MDS. 

Methods
We investigated which prognostic factors including CAs would predict clinical outcomes 
in patients with International Prognostic Scoring System (IPSS) higher risk MDS treated 
with AZA, retrospectively. CK was defined as the presence of three or more numerical 
or structural CAs. MK was defined as the presence of two or more distinct autosomal mon-
osomies or single autosomal monosomy with at least one additional structural CA. 

Results
A total of 243 patients who treated with AZA, were enrolled. CK was present in 124 patients 
and MK was present in 90 patients. Bone marrow blasts ≥15% and CK were associated 
with poorer response (P=0.038, P=0.007) and overall survival (OS) (P＜0.001, P
＜0.001) independently. Although MK in CK group was not associated with prognosis, 
non-MK status in non-CK group reflected favorable OS (P=0.005). The group including 
＞3 CAs was associated with poorer OS (group including ＜3 CAs vs. only three CAs, 
P=0.001; group with ＞3 CAs vs. only three CAs, P=0.001).

Conclusion
CK was an important prognostic parameter associated with worse outcome. MK may pre-
dict poor survival in only non-CK status. The higher number of CAs was associated with 
poorer survival. 
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INTRODUCTION

Myelodysplastic syndromes (MDS) are a heterogeneous 
disease group of clonal hematopoietic stem cell disorders 
characterized by cytopenia, dysplasia of one or more lineages, 
ineffective erythropoiesis, and increased leukemia trans-

formation [1]. Azacitidine (AZA) is a hypomethylating agent, 
approved by the United States and Europe, for treating inter-
mediate-2 and high-risk MDS according to the International 
Prognostic Scoring System (IPSS) [2]. In multicenter random-
ized trials, AZA induced a 50–60% overall response, and 
significantly improved overall survival rate (OS) in high-risk 
MDS compared to other treatments. Therefore, AZA is cur-
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rently recognized as the standard of care for patients who 
are not candidates for allogeneic stem cell transplantation 
(AlloSCT) [3-5].

The presence of chromosomal abnormalities (CAs) is a 
main prognostic factor for the survival of acute myeloid 
leukemia (AML) and risk of AML evolution in patients with 
MDS. In recent studies, it has been demonstrated that the 
complex karyotype (CK) is the most important adverse prog-
nostic survival factor in patients with MDS and AML [2, 
6-8]. In contrast, other investigators have found that the 
monosomal karyotype (MK), defined by the presence of ≥ 

2 distinct autosomal monosomies or a single autosomal mon-
osomy associated with at least 1 structural abnormality, is 
associated with poor prognosis in patients with AML or 
MDS [9-11]. However, the patient groups in these studies 
received heterogeneous treatments. A study by Itzykson et 
al. [12] was performed in patients with MDS treated with 
AZA; however, the data were limited to only CKs. Therefore, 
the pure significance of MK or CK as prognostic factors 
in patients with high-risk MDS treated with AZA is 
unknown.

We investigated the prognostic value of CAs, such as MK 
or CK, in patients with IPSS higher-risk MDS who were 
treated with AZA. 

PATIENTS AND METHODS

A total of 243 patients at 6 medical centers (i.e., Pusan 
National University Hospital, Chonnam National University 
Hospital, Kyungpook National University Hospital, Chung-
nam National University Hospital, Gachon University Gil 
Medical Center, and Gyeong-sang National University 
Hospital) with IPSS intermediate-2 and higher-risk MDS 
and who were treated with AZA from September 2006 to 
February 2013 were enrolled. All patients received at least 
4 cycles of AZA after diagnosis. Patients who previously 
underwent low-dose cytarabine therapy or combination che-
motherapy, had an unconfirmed diagnosis of MDS, had an 
interruption of AZA treatment not owing to an unacceptable 
response, and received AlloSCT after AZA treatment were 
excluded. Approval for the retrospective review of records 
was obtained from the Institutional Review Boards of all 
participating medical centers. 

Cytogenetic study
Cytogenetic abnormalities were classified according to the 

International System for Human Cytogenetic Nomenclature 
criteria [13]. Cytogenetic risk was evaluated according to 
the IPSS classification. According to the criteria of Breems 
et al. [9], MK was defined as the presence of ≥2 distinct 
autosomal monosomies or a single autosomal monosomy with 
at least 1 additional structural abnormality. CK was defined 
as the presence of ≥3 numerical or structural cytogenetic 
abnormalities.

Azacitidine treatment
AZA therapy (75 mg/m2/day) was administered subcuta-

neously over 7 days every 4 weeks for at least 4 cycles. 
Dose reduction or treatment delay during each cycle was 
recommended in cases of grade 4 hematologic toxicity. 
Patients who achieved a response after 4 cycles, according 
to the 2006 International Working Group (IWG) response 
criteria, continued treatment until disease progression [14]. 

Statistical analysis
The overall response rate was measured by the 2006 IWG 

response criteria. Response duration was measured from the 
date of bone marrow (BM) biopsy after 4 cycles of AZA 
in the responders according to the first cell count meeting 
hematologic improvement (HI) criteria in patients who ach-
ieved HI. OS was measured from the start date of AZA 
therapy to death. Response and survival were estimated ac-
cording to the Kaplan-Meier method. Comparisons between 
variables of interest were performed with the log-rank test. 
Cox regression analysis was performed to determine whether 
there was a difference in the durable response or survival 
between the treatment groups. Hazard ratios (HR) and corre-
sponding 95% confidence intervals (CIs) were determined 
for all survival endpoints. Statistical analyses were conducted 
with the SPSS software ver. 18.0 (SPSS Inc., Chicago, IL, 
USA). A P  value＜0.05 was considered significant.

RESULTS

Patients
The baseline characteristics of the 243 patients are sum-

marized in Table 1. The median follow-up time for survivors 
was 24.2 months (range, 4.3–91 months). The median age 
was 65 years and the male:female ratio was 1.25:1. CK and 
MK was identified in 124 (51.0%) and 90 (37.0%) patients, 
respectively. MK with CK was detected in 54 (22.2%) patients 
and MK without CK was detected in 36 (14.8%) patients. 
Loss of chromosome 5 (-5) or deletion of the long arm of 
chromosome 5 (del(5q)) was present in 52 patients (21.4%), 
whereas loss of chromosome 7 (-7) or deletion of the long 
arm of chromosome 7 (del(7q)) was present in 35 patients 
(14.4%). Refractory anemia with excess blast-II type was 
predominant (108 patients, 44.5%). Cytogenetic risks by IPSS 
classification were favorable in 49 patients (20.2%), inter-
mediate in 66 patients (27.2%), and unfavorable in 128 pa-
tients (52.6%). Thirty-three patients (13.6%) had secondary 
type of treatment including 29 cases occurring after myelo-
proliferative neoplasm treated with hydroxyurea and the 
other 4 cases occurring after chemotherapy for other cancers.

Overall response rate and prognostic factors
All patients underwent a standard schedule of at least 

4 cycles of AZA treatment. The median number of treatment 
cycles was 8 (range, 4–37 cycles). The best response was 
a complete response (CR) in 45 (18.5%), partial response 
(PR) in 13 (5.3%), marrow CR (mCR) in 31 (12.8%), and 
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Table 1. Baseline characteristics of patients.

Characteristics Number of patients 
(% or range)

Age (years), median (range) 65 (43–76)
Gender, M/F 135/108
WHO classification (%)
    RA/RARS/RCMD 54 (22.2)
    RAEB-1 81 (33.3)
    RAEB-2 108 (44.5)
Cytogenetic risk (IPSS) (%)
    Favorable 49 (20.2)
    Intermediate 66 (27.2)
    Unfavorable 128 (52.6)
Complex karyotype (%) 124 (51.0)
Monosomal karyotype (%) 90 (37.0)
    -5/del(5q) 52 (21.4)
    -7/del(7q) 35 (14.4)
IPSS risk (%)
    Intermediate-2 168 (69.1)
    High 75 (30.9)
ECOG PS (%)
    0–1 210 (86.4)
    ≥2 33 (13.6)
Peripheral lab finding before treatment
    Hemoglobin, median (range) 8.1 (3.4–16.1)
    ANC, median (range) 784 (27–7,890)
    PLT, median (range) 60 (2–566)
    PB blast (%) 28 (11.5)
    Lactate dehydrogenase, median (range) 329 (120–1,729)
BM blast ≥15% (%) 52 (21.4)
Interval from diagnosis (months), median 

(range)
0.9 (0.1–43.5)

Secondary type (%) 33 (13.6)

Abbreviations: RA, refractory anemia; RAEB, refractory anemia 
with excess blasts; RARS, refractory anemia with ringed sider-
oblasts; RCMD, refractory cytopenia with multilineage dysplasia; 
IPSS, International Prognostic Scoring System; ECOG PS, Eastern 
Cooperative Oncology Group Performance Status; ANC, absolute 
neutrophil count; PLT, platelet; PB, peripheral blood; BM, bone 
marrow; M/F, male/female; WHO, World Health Organization.

Table 2. Overall response in patients treated with azacitidine according to International Working Group 2006 response criteria.

IWG response
Overall response rate Duration (months)

Number % Median (range)

Complete response 45 18.5 14.1 (2.3–30.2)
Partial response 13 5.3 15.8 (3.9–37.0)
Marrow CR 31 12.8 10.6 (2.6–31.9)
Stable disease with hematologic improvement 50 20.6 7.0 (1.3–25.6)
Overall response rate 139 57.2 8.6 (1.3–37.0)

Abbreviations: CR, complete response; IWG, International Working Group.

stable disease (SD) with HI in 50 (20.6%) patients (Table 
2). The median response duration was 14.1, 15.8, 10.6, and 
7.0 months for CR, PR, mCR, and SD with HI, respectively. 

A Cox regression analysis was conducted to determine 

the prognostic factors that predicted a durable response. In 
a univariate analysis, the absolute neutrophil count (ANC) 
＜1.0×103/L (P=0.018), BM blasts ＞15% (P=0.048), and 
CK (P=0.002) were associated with a short overall response 
duration (Table 3). According to the multivariate analysis, 
BM blasts ＞15% (HR, 0.343; 95% CI, 0.125–0.942; P=0.038) 
and CK (HR, 0.670; 95% CI, 0.348–0.947; P=0.007) were 
independent factors of short response duration (Table 3).

Overall survival and prognostic factors
The OS rate was 29.6% in all groups during the follow-up. 

In the univariate analysis, BM blasts ＞15% (P=0.005), IPSS 
high-risk status (P=0.003), Eastern Cooperative Oncology 
Group (ECOG) performance status ＞2 (P=0.018), -7/del(7q) 
(P=0.039), CK (P＜0.001), MK (P＜0.001), MK with 
-5/del(5q) (P＜0.001), and MK with -7/del(7q) (P=0.015) 
were associated with low OS (Table 3). In the multivariate 
analysis, BM blasts ＞15% (HR, 2.271; 95% CI, 1.527–3.376; 
P＜0.001) and CK (HR, 3.222; 95% CI, 2.213–4.693; P
＜0.001; Table 3 and Fig. 1A) were independent prognostic 
factors for low OS.

Impact of monosomal karyotype on survival in patients 
with/without complex karyotype

To analyze the impact of MK on OS in patients with 
or without CK, the entire patient group was separated into 
2 subgroups according to the presence of CK (CK- and CK+). 
In the CK- subgroup, BM blasts ＞15% (P=0.017), IPSS 
high-risk (P=0.045), -7/del(7q) (P=0.048), MK (P＜0.001), 
and MK with -5/del(5q) (P=0.001) were associated with low 
OS. In the multivariate analysis, BM blasts ＞15% (HR, 1.842; 
95% CI, 1.069–3.176; P=0.028) and MK (HR, 2.553; 95% 
CI, 1.333–4.888; P=0.005) had independent prognostic values 
(Table 4). However, only BM blasts ＞15% (HR, 2.056; 95% 
CI, 1.243–3.401; P=0.005) reflected low OS in the CK+ sub-
group in the multivariate analysis. Therefore, a negative 
status for MK reflected favorable OS only in the CK- group 
(Fig. 1B).

To determine whether the number of CAs would affect 
OS the patient group was separated into 3 subgroups: CA＜3 
(N=119), CA=3 (N=68), and CA＞3 (N=56). OS was significant 
according to the number of CAs (median follow-up, 24.2 
months; OS, 14.5% in the CA＞3 group, 27.9% in the CA=3 
group, 37.8% in the CA＜3 group; CA＞3 vs. CA=3, P=0.001; 
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Table 3. Prognostic factors for overall response and survival in all patients with myelodysplastic syndrome (N=243).

Overall response Overall survival

Univariate Multivariate Univariate Multivariate

P HR (95% CI) P P HR (95% CI) P

Male 0.935 0.702
Age ≥60 years 0.906 0.075
Lab before AZA
    ANC ＜1.0×103/L 0.018 0.774 (0.532–1.126) 0.180 0.812
    Hb ＜10.0 g/dL 0.491 0.660
    PLT ＜100×103/L 0.369 0.324
    Elevated LDH level 0.718 0.776
    PB blast 0.972 0.424
    BM blast ≥15% 0.048 0.343 (0.125–0.942) 0.038 0.005 2.271 (1.527–3.376) ＜0.001
RAEB-II type 0.064 0.267
IPSS high risk 0,193 0.003 0.880 (0.608–1.274) 0.499
ECOG PS ≥2 0.075 0.018 1.463 (0.967–2.215) 0.072
Interval ≥6 months 0.859 0.132
Secondary type 0.555 0.653
    -5/del(5q) 0.199 0.149
    -7/del(7q) 0.388 0.039 0.711 (0.305–1.658) 0.430
CK 0.002 0.670 (0.348–0.947) 0.007 ＜0.001 3.222 (2.213–4.693) ＜0.001
MK 0.372 ＜0.001 1.320 (0.854–2.042) 0.211
MK with -5/del(5q) 0.161 ＜0.001 1.540 (0.924–2.587) 0.098
MK with -7/del(7q) 0.951 0.015 0.906 (0.345–2.377) 0.841

Abbreviations: AZA, azacitidin; ANC, absolute neutrophil count; Hb, hemoglobin; PLT, platelet; LDH, lactate dehydrogenase; PB, peripheral 
blood; BM, bone marrow; RAEB, refractory anemia with excess blasts; IPSS, International Prognostic Scoring System; ECOG PS, Eastern 
Cooperative Oncology Group Performance Status; CK, complex karyotype; MK, monosomal karyotype; HR, hazard ratio; CI, confidence 
interval.

Fig. 1. Comparisons of overall survival (OS) in patients treated with azacitidine according to the presence of a complex karyotype (CK); 
chromosomal abnormalities [CA] ≥3 (A) and OS according to the presence of a CK (CA≥3) combined with the monosomal karyotype (MK) (B). 
OS in the group without CK was significantly lower compared to the group with CK in a median follow-up time of 24.2 months (OS, 21.8% in the 
group with CK, 37.8% in the group without CK, P＜0.001) (A). The MK negative status in the group without CK was higher than the other 3 groups 
(OS of MK +/- in the group without CK, 18.7% vs. 44.8%; MK +/- in the group with CK, 22.2% vs. 21.4%; P＜0.001) (B). However, the differences 
in OS among the other 3 groups were not significant.

CA=3 vs. CA＜3, P=0.001; Fig. 2A). When the subgroups 
were divided according to the presence of MK, MK negative 
status in the CA＜3 subgroup was associated with higher 

OS than the other subgroups (Fig. 2B). However, the MK 
value was not significant for CA=3 or CA＞3.
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Table 4. Prognostic factors for overall survival in patients with myelodysplastic syndrome with or without complex karyotype.

OS in CK- patients (N=119) OS in CK+ patients (N=124)

Univariate Multivariate Univariate Multivariate

P HR (95% CI) P P HR (95% CI) P

Male 0.455 0.100
Age ≥60 years 0.078 0.191
Lab before AZA
    ANC＜1.0×103/L 0.192 0.924
    Hb ＜10.0 g/dL 0.499 0.200
    PLT ＜100×103/L 0.612 0.150
    Elevated LDH level 0.684 0.942
    PB blast 0.744 0.610
    BM blast ≥15% 0.017 1.842 (1.069–3.176) 0.028 0.003 2.056 (1.243–3.401) 0.005
RAEB-II type 0.081 0.658
IPSS high risk 0.045 1.151 (0.622–2.130) 0.654 0.877
ECOG PS ≥2 0.118 0.113
Interval ≥6 months 0.552 0.508
Secondary type 0.734 0.175
    -5/del(5q) 0.478 0.411
    -7/del(7q) 0.048 0.703 (0.456–0.941) 0.968 0.826
MK ＜0.001 2.553 (1.333–4.888) 0.005 0.674
MK with -5/del(5q) 0.001 1.171 (0.439–3.128) 0.753 0.024 1.592 (1.025–2.793) 0.060
MK with -7/del(7q) 0.712 0.836

Abbreviations: AZA, azacitidine; ANC, absolute neutrophil count; Hb, hemoglobin; PLT, platelet; LDH, lactate dehydrogenase; PB, peripheral 
blood; BM, bone marrow; RAEB, refractory anemia with excess blast; IPSS, International Prognostic Scoring System; ECOG PS, Eastern 
Cooperative Oncology Group Performance Status; CK, complex karyotype; MK, monosomal karyotype; OS, overall survival; HR, hazard ratio; 
CI, confidence interval.

Fig. 2. Comparisons of overall survival (OS) in patients treated with azacitidine according to the numbers of chromosome abnormalities (CAs); CA
＜3, CA=3, and CA＞3 (A) and OS according to the numbers of CAs combined with the presence or absence of a monosomal karyotype (MK) (B). 
OS in the group with CA＜3 was significantly higher than the other 2 groups (OS, 14.5% in the CA＞3 group, 27.9% in the CA=3 group, 37.8% in 
the CA＜3 group; CA＜3 vs. CA=3, P=0.001). OS in the CA＞3 group was lower than the other 2 groups (CA＞3 vs. CA=3, P=0.001) (A). 
According to the presence or absence of MK combined with the number of CAs, OS was highest in the non-MK group with CA＜3 compared to 
the other 5 groups (OS, 23.3% vs. 50.6% in the CA＜3 groups with/without MK, 33.3% vs. 24.4% in the CA=3 groups with/without MK, 11.1% vs. 
17.2% in the CA＞3 groups with/without MK, P＜0.001) (B).

DISCUSSION

Treatment with AZA lowers the risk of leukemic trans-

formation and improves clinical outcome. However, AZA 
is considered the standard of treatment for patients with 
MDS who are not AlloSCT candidates. Therefore, which 
factors would affect the efficacy and clinical outcome in 
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patients with MDS who are treated with AZA remains 
unknown.

Although the response duration of AZA was inversely 
related to IPSS in a previous study, the factor predicting 
the response was not identified [15]. In a Kantarjian HMstudy 
about decitabine experience, previous treatment and longer 
disease duration predicted low CR rates, whereas patients 
with chromosome 5 or 7 abnormalities, previous treatment, 
and older age had short survival [16]. CK predicted a poor 
response in a recent study based on high-risk MDS patients 
treated with AZA. Furthermore, dependence on red cell 
transfusions, poor ECOG performance status, intermediate 
and unfavorable IPSS cytogenetic risk, and the presence of 
circulating blasts were associated with low survival [17]. 
Similar results were obtained in the present study, where 
BM blasts ≥15% and CK were associated with poor response 
and low survival. CK may be recognized as an adverse prog-
nostic factor in patients with intermediate-2 and high-risk 
MDS who are treated with AZA. However, AZA treatment 
may not overcome the IPSS cytogenetic risk stratification 
in patients with high-risk MDS. 

The presence of MK defines an adverse prognostic factor 
in patients with AML and MDS. Patnaik et al. [10] suggested 
that MK is associated with poorer OS compared to that of 
CK. The adverse prognostic impact of MK in patients with 
MDS or AML has also been shown in other studies [9, 11]. 
However, this is controversial because it has been determined 
that MK is a worse predictor of clinical outcome in some 
studies [12, 18, 19]. Furthermore, these MK studies have 
been conducted in patients receiving a variety of treatments. 
Therefore, it is unclear whether MK has prognostic value 
in patients with MDS who are treated with AZA. Itzykson 
et al. [12] demonstrated that the MK status among patients 
with CK who are treated with AZA is not associated with 
OS . However, their data were limited to those with the 
IPSS poor risk karyotype. In the present study, a MK negative 
status in non-CK patients reflected favorable OS. Therefore, 
the MK status of at least the IPSS intermediate cytogenetic 
risk group may have a predictive value for the prognosis 
of patients with MDS who are treated with AZA.

In addition, we found that a high number of CAs affected 
the clinical outcome of patients treated with AZA.We ob-
served that ≥3 CAs belonged to CK and the CA=3 and 
CA＞3 subgroups had significantly different OSs. Further-
more, the CA ＞3 subgroup was associated with a worse 
prognosis in patients with MDS of the IPSS high risk group 
who were treated with AZA., and the subgroup with ＞3 
CAs was associated with a worse prognosis in patients with 
MDS of the IPSS high-risk group who were treated with 
AZA. This result is consistent with the cytogenetic risk strat-
ification (i.e., intermediate, high, and very high risk) of the 
newly defined and revised IPSS (IPSS-R) [20]. Therefore, 
cytogenetic risk of the IPSS-R may be more useful compared 
to IPSS for predicting clinical outcomes in patients treated 
with AZA. AZA treatment may not overcome the high num-
bers of CAs related to multiple gene alterations.

The location of CA has been suggested to be prognostic 

regardless of treatment [18, 21-24]. However, Itzykson et 
al. [12] were unable to show that -5/del(5q) or -7/del(7q) 
in patients treated with AZA has prognostic value. These 
clinical data were similar to our results. Although the discrep-
ancy among studies is not clearly understood, the presence 
of MK or number of CAs seems to be more important com-
pared with the location of the CAs in patients with MDS 
who are treated with AZA. 

In conclusion, a high percentage of BM blasts and CK 
were associated with the worst clinical outcomes. Moreover, 
MK reflected poor survival in the non-CK patients and ＞3 
CAs was associated with poor survival. Furthermore, well-de-
signed sequential prognostic factor data, including cytoge-
netics, might allow the identification of risk factors in pa-
tients with MDS who are treated with AZA.

AuthorsÊ Disclosures of Potential Conflicts of Interest

No potential conflicts of interest relevant to this article 
were reported.

REFERENCES

1. Tefferi A, Vardiman JW. Myelodysplastic syndromes. N Engl J 

Med 2009;361:1872-85.

2. Greenberg P, Cox C, LeBeau MM, et al. International scoring 

system for evaluating prognosis in myelodysplastic syndromes. 

Blood 1997;89:2079-88.

3. Silverman LR, Demakos EP, Peterson BL, et al. Randomized 

controlled trial of azacitidine in patients with the myelodysplastic 

syndrome: a study of the cancer and leukemia group B. J Clin Oncol 

2002;20:2429-40.

4. Fenaux P, Mufti GJ, Hellstrom-Lindberg E, et al. Azacitidine 

prolongs overall survival compared with conventional care 

regimens in elderly patients with low bone marrow blast count 

acute myeloid leukemia. J Clin Oncol 2010;28:562-9.

5. Fenaux P, Mufti GJ, Hellstrom-Lindberg E, et al. Efficacy of 

azacitidine compared with that of conventional care regimens in 

the treatment of higher-risk myelodysplastic syndromes: a 

randomised, open-label, phase III study. Lancet Oncol 2009;10: 

223-32.

6. Malcovati L, Germing U, Kuendgen A, et al. Time-dependent 

prognostic scoring system for predicting survival and leukemic 

evolution in myelodysplastic syndromes. J Clin Oncol 2007;25: 

3503-10.

7. Haase D, Germing U, Schanz J, 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;110:4385-95.

8. Schanz J, Steidl C, Fonatsch C, et al. Coalesced multicentric 

analysis of 2,351 patients with myelodysplastic syndromes 

indicates an underestimation of poor-risk cytogenetics of 

myelodysplastic syndromes in the international prognostic 

scoring system. J Clin Oncol 2011;29:1963-70.

9. Breems DA, Van Putten WL, De Greef GE, et al. Monosomal 



Blood Res 2014;49:234-40. bloodresearch.or.kr

240 Kyung-Lim Hwang, et al. 

karyotype in acute myeloid leukemia: a better indicator of poor 

prognosis than a complex karyotype. J Clin Oncol 2008;26:4791-7.

10. Patnaik MM, Hanson CA, Hodnefield JM, Knudson R, Van Dyke 

DL, Tefferi A. Monosomal karyotype in myelodysplastic 

syndromes, with or without monosomy 7 or 5, is prognostically 

worse than an otherwise complex karyotype. Leukemia 2011; 

25:266-70.

11. Belli CB, Bengio R, Aranguren PN, et al. Partial and total 

monosomal karyotypes in myelodysplastic syndromes: com-

parative prognostic relevance among 421 patients. Am J Hematol 

2011;86:540-5.

12. Itzykson R, Thepot S, Eclache V, et al. Prognostic significance of 

monosomal karyotype in higher risk myelodysplastic syndrome 

treated with azacitidine. Leukemia 2011;25:1207-9.

13. Shaffer LG, McGowan-Jordan J, Schmid M. ISCN 2013. An 

international system for human cytogenetic nomenclature. 

Recommendations of the International Standing Committee on 

Human Cytogenetic Nomenclature. Basel, Switzerland: Karger, 

2013.

14. Cheson BD, Greenberg PL, Bennett JM, et al. Clinical application 

and proposal for modification of the International Working 

Group (IWG) response criteria in myelodysplasia. Blood 

2006;108:419-25.

15. Wijermans PW, Lubbert M, Verhoef G, Klimek V, Bosly A. An 

epigenetic approach to the treatment of advanced MDS; the 

experience with the DNA demethylating agent 5-aza-2'-deoxy-

cytidine (decitabine) in 177 patients. Ann Hematol 2005;84(Suppl 

1):9-17.

16. Kantarjian HM, O'Brien S, Shan J, et al. Update of the decitabine 

experience in higher risk myelodysplastic syndrome and analysis 

of prognostic factors associated with outcome. Cancer 2007;109: 

265-73.

17. Itzykson R, Thepot S, Quesnel B, et al. Prognostic factors for 

response and overall survival in 282 patients with higher-risk 

myelodysplastic syndromes treated with azacitidine. Blood 

2011;117:403-11.

18. Valcarcel D, Adema V, Sole F, et al. Complex, not monosomal, 

karyotype is the cytogenetic marker of poorest prognosis in 

patients with primary myelodysplastic syndrome. J Clin Oncol 

2013;31:916-22.

19. Schanz J, Tuchler H, Sole F, et al. Monosomal karyotype in MDS: 

explaining the poor prognosis? Leukemia 2013;27:1988-95.

20. Greenberg PL, Tuechler H, Schanz J, et al. Revised international 

prognostic scoring system for myelodysplastic syndromes. Blood 

2012;120:2454-65.

21. Bernasconi P, Boni M, Cavigliano PM, et al. Clinical relevance of 

cytogenetics in myelodysplastic syndromes. Ann N Y Acad Sci 

2006;1089:395-410.

22. Boultwood J, Lewis S, Wainscoat JS. The 5q-syndrome. Blood 

1994;84:3253-60.

23. Zou YS, Fink SR, Stockero KJ, et al. Efficacy of conventional 

cytogenetics and FISH for EGR1 to detect deletion 5q in 

hematological disorders and to assess response to treatment with 

Lenalidomide. Leuk Res 2007;31:1185-9.

24. Mallo M, Cervera J, Schanz J, et al. Impact of adjunct cytogenetic 

abnormalities for prognostic stratification in patients with 

myelodysplastic syndrome and deletion 5q. Leukemia 2011;25: 

110-20.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /SanMsM
    /SanSfL
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Japan Color 2001 Coated)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


