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A B S T R A C T

Karyotype according to the revised IPSS is a strong independent prognostic factor for overall survival (OS) in
myelodysplastic syndromes (MDS), however established in untreated patients. The prognostic impact of cyto-
genetics and cytogenetic response (CyR) in MDS patients receiving azacitidine (AZA) remains uncertain. We
examined the prognostic value of baseline cytogenetics and CyR for overall response rate (ORR) and OS in 702
AZA-treated higher risk MDS and low blast count acute myeloid leukemia (AML), including 493 (70%) with
abnormal karyotype. None of the cytogenetic abnormalities had significant impact on ORR (43.9%) or complete
response (15.35%), except 3q abnormalities and complex karyotypes, which were associated with a lower ORR.
OS differed significantly across all R-IPSS cytogenetic subgroups (p < 10−4) but patients with non complex del
(7q) had similar survival as patients with normal cytogenetics. CyR was achieved in 32% of the 281 evaluable
patients with abnormal cytogenetics, was complete (CCyR) in 71 (25.3%) patients. We found no correlation
between hematological response and cytogenetic response and 21% of the patients with CCyR did not achieve
morphological response. In the 281 patients, we found no impact of CyR on survival, but when restricting to
MDS (ie: < 20% marrow blasts) achievement of CCyR was associated with better OS.

1. Introduction

Myelodysplastic syndromes (MDS) are clonal stem cell disorders
characterized by ineffective hematopoiesis resulting in blood cytope-
nias, and by a high risk of progression to acute myeloid leukemia (AML)
[1]. Cytogenetic abnormalities are found in about 50% of MDS patients,
consisting mainly of complete or partial loss of chromosomes 5, 7, and
20 (del(5q), −7, del(7q), del(20q)), chromosome gains (especially
+8), or complex karyotypes [11]. Cytogenetic findings were in-
corporated as prognostic markers in MDS in the classical International
Prognostic Scoring System (IPSS) [9]. In the recent revised version of

the IPSS (IPSS-R), based on 7012 patients, cytogenetic prognostic
classification could be refined in five instead of three prognostic sub-
groups, and the prognostic “weight” of cytogenetics was increased
compared to that of other parameters [10,18]. However, this IPSS-R
cytogenetic classification was established in untreated patients.

The hypomethylating agent (HMA) azacitidine (AZA) improves
survival, and has become a reference treatment of higher risk MDS and
low blast count AML patients not candidates for intensive che-
motherapy or allogeneic stem cell transplantation [7]. A feature of
HMAs therapy is that a survival benefit may occur in the absence of
complete or partial response (CR, PR), i.e. that patients who only
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improve their cytopenias (stable disease with hematological improve-
ment or HI, according to IWG 2006 response criteria) also have a sur-
vival benefit [8]. Prognostic factors of response and survival with AZA
treatment are still incompletely known. Regarding karyotype, it has
been suggested in relatively small series that unfavorable karyotypes,
including monosomy 7 and complex karyotype, were associated with
good response rates, although survival remained shorter than in pa-
tients with more favorable cytogenetics [16,17]. Whether cytogenetic
findings, and in particular IPSS-R cytogenetic classification, can predict
outcome in large series of MDS patients receiving HMAs, remains to be
determined. Moreover, while cytogenetic response is an important in-
dependent prognostic factor for outcome in chemotherapy-treated AML
patients [5], only one paper evaluated cytogenetic response in AZA-
treated MDS patients [12]. In that study evaluating low or high risk
MDS patients treated with HMA (mainly Decitabine) achievement of
complete cytogenetic response was associated with survival improve-
ment [12].

In the present study, we analysed the prognostic value of baseline
cytogenetic characteristics (including IPSS-R cytogenetic classification)
on response to treatment and survival, and the prognostic impact of
cytogenetic response, in 702 patients with higher risk MDS and low
blast count AML (20–30% blasts) treated with Azacitidine in seven
centers over an 11-year period.

2. Patients and methods

2.1. Patient selection

Patients with Higher Risk MDS, AML<30% blasts or chronic
myelomonocytic leukemia (CMML) having received at least one cycle of
azacitidine, started between October 2002 and March 2013 in the seven
participating centers, were eligible. Low blast count AML (with 20–30%
marrow blasts) was included, as azacitidine is approved in this patient
subset in most countries. Participating centers were the Lee Moffitt
Cancer center Institute, Tampa; Cleveland Clinic Taussig Cancer
Institute, Cleveland, OH; Groupe francophone des myélodysplasies
(GFM) including centers of hôpital Avicenne, Institut Paoli Calmettes,
Marseille, university hospitals of Nice and Tours), and Universita di
Firenze, Italy. This study was conducted in accordance with the
Declaration of Helsinki.

A total of 702 Higher Risk MDS patients and low blast count AML
were included in the analysis, excluding only AML patients with ≥30%
marrow blasts and patients previously treated with intensive che-
motherapy or allogeneic stem cell transplantation.

2.2. Cytogenetic analysis

Cytogenetic analysis was performed using standard chromosomes
banding techniques and documented according to ISCN 2013 re-
commendations [19]. Twenty metaphases were required. When neces-
sary, Fluorescent In Situ Hybridization (FISH) was made to assess a
specific cytogenetic abnormality. Cytogenetic results were classified
according to IPSS [9] and IPSS-R cytogenetic classifications [18].
Monosomal karyotype was defined as the presence of at least two au-
tosomal monosomies or of a single monosomy associated with at least
one structural abnormality [4].

2.3. Treatment

Azacitidine was generally administered as a single agent outside a
clinical trial at the approved EMA/FDA approved schedule (75 mg/m2/
day for seven consecutive days or according to the 5-2-2 schedule,
every 28 days) until disease progression, unacceptable toxicity, or pa-
tient decision. Patients older than 80 or with comorbidities, however,
often received lower doses. Response was evaluated after four-six cycles
by blood count, marrow aspirate and cytogenetic analysis.

2.4. Study endpoints

CR, PR, marrow CR (mCR), stable disease (SD), hematological im-
provement (HI), progression, were defined according to IWG 2006
criteria [6]. Complete cytogenetic response (CCyR) was defined as
disappearance of a cytogenetic abnormality, requiring 20 analysable
metaphases, and partial cytogenetic response (PCyR) as a 50% or more
reduction of the number of abnormal metaphases [6]. Overall survival
(OS) was measured from the onset of AZA.

2.5. Statistical analysis

Predictive factors for response were analysed using Fisher’s exact
test for univariate comparisons. Univariate analyses were performed
with log-rank tests. Outcomes of patients with specific chromosomal
abnormalities were compared with those of the normal karyotype
group. All p values were 2-tailed. A landmark analysis on the impact of
cytogenetic response was performed at three and six months, in all the
patients with abnormal cytogenetics at the onset of the treatment and
with evaluable cytogenetic analysis at treatment evaluation. All ana-
lyses were performed with Stata/SE Version 12.

3. Results

3.1. Baseline characteristics of the study population

The 702 MDS or low blast count AML patients included in the study
had received AZA in the seven centers, started between October 2002
and March 2013. Their median age was 69 years (range 24–91), in-
cluding 60% older than 65 years, and 37% were females. At onset of
AZA (Table 1), WHO diagnosis was RAEB1 in 140 (19.9%) cases,
RAEB2 in 338 (48.1%), AML with 20–30% blast in 123 (17.5%), RCMD
in 62 (8.8%), RARS in 7 (1%), CMML in 20 (2.8%), unclassified MDS in
seven and unknown MDS type (UK) in five patients. IPSS was Int-2 in
438 (62.66%), high in 261 (37.34%) and NA (but at least Int-2) in three
patients. IPSS-R was very low in one (0.1%), low in 13 (2%), inter-
mediate in 97 (14%), high in 243 (35%), very high in 320 (45%) and
unknown in 28 patients.

3.2. Baseline cytogenetic characteristics

Among the 702 evaluable patients, 209 (29.8%) had a normal
karyotype. According to IPSS-R cytogenetic categories, 10 (1.4%), 241
(34.3%), 130 (18.5%), 118 (16.8%) and 201 (28.6%) were classified as
very good, good, intermediate, poor and very poor risk groups, re-
spectively (two unclassified) (Table 1).

Two hundred and twenty seven patients had chromosome 7 ab-
normalities: 142 monosomy 7, including 29 isolated monosomy 7, 20
monosomy 7 with one additional abnormality (+1), and 93 monosomy
7 complex. Fifty one patients had del(7q), including 13 patients with
isolated del(7q), nine del(7q) +1, and 29 complex with del(7q). The
remaining 34 chromosome 7 abnormalities were mostly (72%) part of a
complex karyotype.

Two hundred and six patients had chromosome 5 abnormalities:
126 had del(5q), including nine patients with isolated del(5q), 14 with
del(5q) +1, and 103 complex. Thirty-nine had monosomy 5, all but one
associated with a complex karyotype. The remaining 41 chromosome 5
abnormalities were mostly (97%) part of a complex karyotype.

One hundred and seven patients had trisomy 8, including 41 with
isolated trisomy 8, 16 with trisomy 8 +1, and 50 complex.

Other frequent cytogenetic abnormalities included 17p abnormal-
ities in 58 patients (51 being part of a complex karyotype), del(3q) in 26
patients (15 part of a complex karyotype), isolated del(20q) in 15 pa-
tients, del(11q) in 24 patients (15 being part of a complex karyotype),
and isolated loss of chromosome Y in four patients. Finally, according to
IPSS-R cytogenetic classification, other isolated and other double
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abnormalities were noted in 51 (7%) and 26 (3.7%) patients, respec-
tively.

Two hundred and one patients had monosomal karyotype and 246
patients had complex karyotype (≥three abnormalities) including 199/
246 (80.89%) very complex karyotypes according to IPSS-R (ie> three
abnormalities).

3.3. Response to treatment and survival

Patients received a median of six cycles [range 1–72] of AZA.
Median follow up from onset of AZA was 44 months, and 697 patients
were evaluable for response. Three hundred and six (43.9%) patients
achieved hematological response, including 107 (15.35%) CR. At last
follow-up, 518 patients had died, and median OS was 14.93 months.

3.4. Impact of cytogenetic abnormalities on response to azacitidine

Response according to cytogenetic features is shown in Table 2. The
Overall response rate was 50.0%, 47.06%, 41.54%, 42.24%, 42.29%
and the CR rate was 30.0%, 16.39%, 12.31%, 14.66% and 15.92% in
patients with very good, good, intermediate, poor and very poor IPSS-R
cytogenetic, respectively (p = 0.77 and p = 0.54). We failed to identify
any cytogenetic abnormalities associated with a different CR or re-
sponse rate compared to normal cytogenetics, except for patients with
3q abnormalities, associated with a lower ORR (p = 0.011). Similarly,
when the analysis was restricted to patients who received six or more
cycles of azacitidine, no additional cytogenetic abnormality had an
impact on CR/response achievement, compared to patients with normal
karyotypes. When the analysis was restricted to patients with BM

blast< 20%, patients with 3q abnormalities (5/25 vs 77/160,
p = 0.009) and patients with complex karyotype (81/213 vs 77/160,
p = 0.05) had a lower response rate to AZA compared with patients
with normal karyotype, while other abnormalities had no impact on
response or CR achievement.

3.5. Impact of cytogenetic abnormalities on overall survival (OS)

Univariate analysis was performed separately for each cytogenetic
category, summarized in Table 2.

According to IPSS-R cytogenetic classification, OS was significantly
different across all subgroups (median 20.4 months, 21.1 months, 16.2
months, 15.2 months and 10.2 months in very good, good, inter-
mediate, poor and very poor IPSS-R cytogenetic groups respectively,
p < 10−4). Compared to patients with normal karyotype, patients
with monosomy 7, isolated (11.1 months) or not (12.5 months) had
worse survival (p = 0.05 and 0.04, respectively). On the contrary, pa-
tients with del(7q) alone or del 7q +1 had a similar OS as patients with
normal karyotype. Similarly, the presence of del(20q) had no impact on
OS. Patients with complex cytogenetic or 17p (the latter mostly part of
a complex karyotype) had worse survival than patients with NK.
Finally, the presence of a del(5q) was also associated with a shorter
survival, but only if it was part of a complex karyotype. These findings
were also found when the analysis was restricted to patients with less
than 20% bone marrow blasts.

3.6. Cytogenetic response

Of the 493 patients with abnormal cytogenetics at the onset of AZA,
313 had cytogenetic analysis at treatment evaluation (including 32
patients who had cytogenetic failure), after four to six cycles of AZA.
Among the 281 evaluable patients 71 (25.3%) achieved CCyR, and 19
(6.7%) PCyR, leading to an overall CyR of 32%. CyR was observed
across all cytogenetic subgroups and all IPSS-R cytogenetic categories,
without any statistical difference. Even among patients with complex
karyotype evaluable for cytogenetic response, 41/134 (30.6%)
achieved CCyR. Surprisingly, among the 71 patients who achieved
CCyR, 21% did not achieve morphological response according to IWG
2006 criteria (Table 3).

In a landmark analysis performed at three months (and six months)
from treatment onset in patients with baseline cytogenetic abnormal-
ities evaluable for CyR, achieving hematological response was asso-
ciated with a significant OS advantage (median 21.7 vs 12.4 months,
p < 10−4, Fig. 1A) but achieving cytogenetic response (median
18.63 months vs 15.7 months, p = 0.15, Fig. 1B) had no influence on
OS. In patients without morphological response, the achievement of any
cytogenetic response was not associated with any survival advantage.

For each cytogenetic abnormality tested, the achievement of CCyR
had no impact on OS compared to patients with the same cytogenetic
abnormality at onset who did not achieve any CCyR. Moreover, survival
of patients with abnormal cytogenetics who achieved CCyR was sig-
nificantly shorter than that of patients with normal karyotype.
However, when the analysis was restricted to low blast count patients
(i.e. < 20%, n = 135), CCyR was associated with better OS (21.7 vs
15.7 months for patients who did not achieve CCyR, p = 0.017,
Fig. 1C).

4. Discussion

Our study is, to our knowledge, the largest study analyzing the
impact of baseline cytogenetic characteristics and cytogenetic response
on response and survival, in higher risk MDS patients treated with AZA.

For ORR, we found that patients with 3q abnormalities or complex
karyotype had significantly lower ORR when the analysis was restricted
to patients with less than 20% bone marrow blasts, while all other
cytogenetic abnormalities had a similar ORR as patients with normal

Table 1
Patient characteristics at AZA onset.

Age Median (range) 69 (24–91)

Gender Male 442 (63%)
Female 260 (37%)

WHO Diagnosis RARS 7 (1%)
RCMD 62 (8.83%)
RAEB1 140 (19.94%)
RAEB2 338 (48.15%)
AML 20–30% blasts 123 (17.52%)
Unclassified 7(1%)
CMML 20 (2.85%)
Unknown 5 (0.71%)

IPSS Int-2 438 (62.5%)
High 261 (37%)
NA but ≥ Int-2 3 (0.5%)

IPSS-R Very low 1
Low 13 (2%)
Intermediate 97 (14%)
High 243 (35%)
Very high 320 (45%)
NA 28 (4%)

IPSS-R cytogentic subgroup Very good 10 (1.4%)
Good 241 (34.3%)
Intermediate 130 (18.5%)
Poor 118 (16.8%)
Very Poor 201 (28.6%)
NA 2

Cytopenias Median Hb g/dl 9.4 (3–15.2)
Median WBC G/l 3 (0.2–178)
Median PLT G/l 70 (0–1000)

BM blasts, % 0–10 269 (38%)
10–20 331 (47%)
20–30 102 (15%)

WHO, World Health Organization; IPSS, International Prognostic scoring System; IPSS-R,
Revised IPSS; RARS, Refractory anemia with Ring Sideroblasts; RCMD, Refractory
Cytopenia with Multilineage dysplasia; RAEB1, Refractory Anemia with Excess blasts 1;
RAEB2, Refractory Anemia with Excess blasts 2; AML, acute myeloid leukemia; CMML,
Chronic Myelomonocytic Leukemia; Int, Intermediate; NA, Non Available; Hb,
Hemoglobin; WBC, White Blood Cells; PLT, platelets; BM, Bone Marrow.
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karyotype. We didn’t observe a response advantage in patients with
complex karyotype nor del(17p) (ie probably TP53mutations), as found
in the recent study from Welch and all in AML and MDS patients re-
ceiving decitabine [20]. However, beyond the possible differences be-
tween aza and decitabine, patients from our cohort might not be ex-
posed at the same level and duration of HMA as patients receiving serial
10-days courses.

Regarding survival, we confirmed in AZA-treated patients the
prognostic impact of IPSS-R cytogenetic classification on OS [14,21].
We however identified some differences in several IPSS-R cytogenetic
subgroups, established in untreated patients. Indeed, patients with
isolated del(7q), non-complex del(7q) or isolated trisomy 8 associated
in the IPSS-R classification with a poor outcome, had similar survival as
patients with normal cytogenetics, suggesting that azacitidine might
overcome the poor prognosis of these cytogenetic features. Finally, a
poor OS of patients with del(17p) (8.8 months) was noted in our study,
possibly related to the presence of TP53mutation as other studies found
that these mutations are associated with poor survival with AZA
treatment [2,3].

In AML treated with intensive chemotherapy, persistence of cyto-
genetically abnormal cells at CR after induction chemotherapy is a
strong predictor for shorter relapse-free survival and overall survival
[5]. Whether this finding is true in MDS and AML treated with AZA

remained controversial. A recent study by the MD Anderson group,
evaluating the impact of cytogenetic response on the outcome in 216
MDS patients treated with hypomethylating agents, found no correla-
tion between hematological and cytogenetic response [12]. We con-
firmed this finding, as 23% of cytogenetic responders did not achieve
any hematological response. Those findings may be relevant to different
mechanisms of action between conventional chemotherapy and hypo-
methylating agents. The latter may indeed act more by cell repro-
gramming than by clonal reduction, explaining persistence of cytoge-
netic abnormalities even in case of hematological response. The
absence of impact of cytogenetic response on OS observed in our study
is also in line with a recent report showing that the mutation allele
burden remained unchanged in chronic myelomonocytic leukemia re-
sponding to hypomethylating agents [15].

Our current results suggest for the entire cohort no significant im-
pact of cytogenetic response on OS. This differs from the report of
Jabbour et al. where achievement of CCyR was associated with survival
improvement, especially in patients without morphological response.
Of note this work also included low risk MDS, and patients received
mainly Decitabine. On the other hand, in our series of higher risk MDS
treated with Azacitidine, when the analysis was restricted to MDS,
patients achieving complete cytogenetic response had a significant
survival advantage. These observations suggest a disease stage specific
effect of hypomethylating agents, as reported in a recent study evalu-
ating the functional effect of azacitidine at different time points during
MDS progression [13].

In conclusion, in this large series of higher risk MDS treated with
AZA, baseline cytogenetic findings poorly predicted response to AZA
but were strong predictors for OS. Cytogenetic response was not cor-
related to morphological response, and the impact of cytogenetic re-
sponse on survival was restricted to MDS (ie patients with marrow
blasts< 20%)

Table 2
Response and survival according to cytogenetic features.

Cytogenetic abnormality N ORR (%) P vs NK CR (%) P vs NK OS (months) P vs NK

Normal Karyotype 209 46.12% – 17.48% – 22.03 –
Other double abn 26 50.0% 0.835 11.54% 0.584 17.23 0.35
Other single abn 51 43.14% 0.755 13.73% 0.676 14.46 0.09
Chromosome 7 abn (all) 227 41.78% 0.383 16% 0.700 12.3 < 10−4

Monosomy 7 (all) 142 39.01% 0.225 14.18% 0.460 11.1 < 10−4

isolated Monosomy 7 29 44.83% 1.000 10.34% 0.432 14.7 0.05
Monosomy 7 + 1 abn 20 45.00% 1.000 15.00% 1.000 11.5 0.04
Del7q (all) 51 46.12% 0.639 24.00% 0.314 15.8 0.63
Isolated del(7q) 13 46.15% 1.000 23.08% 0.707 16.23 0.68
del(7q) +1 abn 9 55.56% 0.736 44.44% 0.064 20.2 0.39

Trisomy 8 (all) 107 47.66% 0.812 22.43% 0.294 16 0.11
Isolated tri8 41 41.46% 0.611 14.63% 0.821 17.63 0.55

Chromosome 5 abn (all) 206 48.29% 0.693 18.05% 0.898 10.3 < 10−4

del5q (all) 126 47.58% 0.820 18.55% 0.882 10.23 < 10−4

Isolated del(5q) 9 77.78% 0.089 11.11% 1.000 20.1 0.88
del(5q) +1 abn 14 46.12% 0.582 17.48% 0.718 15.03 0.41

Del(20q) (all) 47 51.06% 0.628 21.28% 0.534 15.13333 0.03
Isolated del(20q) 15 53.33% 0.604 13.33% 1.00 20.8 0.47

Del(11q) (all) 24 37.50% 0.518 4.17% 0.13 15.66 0.34
Del(11q) isolated 5 – – – – – –

3q abnormalities (all) 26 19.23% 0.011 3.85% 0.089 13.733 0.04
Non complex 3q 11 18.18% 0.117 0% 0.218 18.83 0.42
Complex with 3q 15 20.00% 0.061 6.67% 0.476 10.13 0.02

Loss of Y (all) 29 43.48% 0.830 17.39% 1.000 14.13 0.0021
Y loss isolated 4 – – – –

17p abnormalities (all) 58 48.28% 0.882 15.52% 0.844 8.83 < 10−4

Complex ≥3 246 40.98% 0.294 14.75% 0.442 11.06 < 10−4

Complex monosomal 185 40.22% 0.258 15.08% 0.582 10.23 < 10−4

Complex non monosomal 61 45.00% 1.000 15% 0.845 14.86 0.003

ORR, Overall Response Rate; CR, Complete response; OS, Overall Survival; NK, Normal Karyotype; abn, abnormalities.

Table 3
Correlation between Hematological and cytogenetic response in patients with abnormal
cytogenetic and evaluable for cytogenetic response.

IWG2006 response Cytogenetic response

Overall Complete Partial

ORR 135 68 56 12
CR 55 35 31 4
No Response 146 22 15 7

ORR, Overall Response Rate; CR, Complete Response.
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