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Abstract
We previously demonstrated that a CD13/CD33 ratio low (< 1) and high (≥ 2) was associated with shorter survival
in patients with myelodysplastic syndromes (MDS) treated with azacitidine (AZA). Previous studies also showed the
negative impact of TP53 mutations on patient outcomes. The aim of the study is to investigate the relationship
between a p53 expression, CD13/CD33 ratio, and the outcomes of MDS patients treated with AZA. The relationship
between the p53 expression, CD13/CD33 ratio in blast cells, and outcomes of 121 MDS patients treated with AZA
was examined. In patients with CD13/CD33 ratio low and high, there was no significant difference in survival
between p53-positive and p53-negative patients. However, in the patients with 1 ≤ CD13/CD33 ratio < 2, p53 posi-
tivity correlated with higher serum LDH levels. Poorer risk status according to cytogenetics was more frequently
observed in p53-positive patients than in p53-negative patients. The rates of progressive disease and failure after
4 cycles of AZA were higher in p53-positive patients than in p53-negative patients. Univariate and multivariate
analyses confirmed that higher serum LDH levels and p53 positivity were independent adverse prognostic factors for
prognosis. A Kaplan-Meier analysis revealed the potential of p53 expression as a prognostic factor in patients with
1 ≤ CD13/CD33 ratio < 2 and that it correlated with shorter survival and acute myeloid leukemia (AML) progression.
The present study showed that p53 expression is an independent risk factor for shorter overall survival and AML
progression in MDS patients with 1 ≤ CD13/CD33 ratio < 2.
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Introduction

The hypomethylating agent, azacitidine (AZA), is an
effective therapy for low- and high-risk myelodysplastic
syndromes (MDS) [1]. MDS are a group of clonal he-
matological disorders that are characterized by ineffec-
tive hematopoiesis, leading to blood cytopenias and a
high risk of progression to acute myeloid leukemia
(AML) [2]. Approximately 50% of patients respond to
AZA, and, thus, prognostic factors for responses and

survival need to be clarified in MDS patients treated
with AZA. We recently reported that the CD13/CD33
ratio in blast cells from MDS patients treated with AZA
was associated with patient outcomes independent of
other prognostic factors and the estimated 5-year overall
survival (OS) rate was significantly lower in CD13/
CD33 low (< 1) or high (≥ 2) than in 1 ≤ CD13/CD33
ratio < 2 (22% vs. 58%, p = 0.015) [3].

A strong relationship has been reported between p53
expression, TP53 mutations, and adverse outcomes in
various hematological malignancies including MDS
[4–6]. TP53 mutations are mainly seen in high-risk
MDS with abnormal chromosome 5 or complex karyo-
type [7, 8]. Previous studies also showed the negative
impact of TP53 mutations on patient outcomes and a
relationship between TP53 mutations and poor responses
to therapies [9–12]. In this study, we investigated the
relationship between p53 expression, CD13/CD33 ratio,
and the outcomes of MDS patients treated with AZA.
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Patients and methods

Patients

We conducted a retrospective review of data collected from
121 MDS patients treated between January 2007 and January
2019 at the Japanese Red Cross Society Wakayama Medical
Center. The present study comprised of patients diagnosed
with MDS who received AZA. AZA was intravenously or
subcutaneously administered at a dose of 75 mg/m2 on days
1–7 every 28 days. Disease diagnoses were made according to
the WHO 2017 classification [13]. Cytogenetic analyses were
performed using standard G-banding with trypsin-Giemsa
staining. Karyotypes were interpreted using the International
System for Cytogenetic Nomenclature criteria [14]. IPSS and
IPSS-R were used in risk assessments [15, 16]. From the time
of diagnosis of MDS, value for hemoglobin, platelet counts,
and serum lactate dehydrogenase (LDH) level was retrospec-
tively evaluated. Responses were evaluated according to the
IWG 2006 criteria [17].

Bone marrow samples were obtained from all patients be-
fore the beginning of AZA. Sections (thickness of 2 μm) on
SuperFrost microscope slides were deparaffinized and pre-
treated at 95 °C for 7 min in citrate buffer (pH 6). To quantify
and assess the distribution of progenitor cells, samples were
stained for CD34 (Cell Marque Rocklin, CA). The DO-7 an-
tibody (Dako Cytomation, Denmark), which labels wild- and
mutant-type p53 proteins, was used to detect p53 protein ex-
pression. The entire trephine section was assessed for p53
protein nuclear staining in hematopoietic progenitor cells, as
previously described [18]. In order to minimize the possibility
of false-positive results, p53 protein expression was only con-
sidered to be positive when strong nuclear staining (score 3+)
was present in at least 5% of hematopoietic cells in the entire
bone marrow. To ensure correct staining, a positive control
(urothelial carcinoma) was included on each slide.

Three-color flow cytometry was performed to evaluate the
phenotypes of blast cells before the beginning of AZA thera-
py. Mononuclear cells were stained with the following mono-
nuclear antibodies: a fluorescein isothiocyanate (FITC)-con-
jugated monoclonal antibody, CD3, CD5, CD8, CD15,
CD19, CD25, CD34, HLA-DR (Becton Dickinson), phycoer-
ythrin (PE)-conjugated antibodies, CD4, CD11b, CD13,
CD14, CD33, CD45 (Becton Dickinson), a peridinin chloro-
phyll protein (PerCP)-conjugated antibody, CD10, CD117,
and glycophorin A (Immunotech). A gate was set for identi-
fying blast cells characterized by intermediate CD45 expres-
sion and low side scatter properties. At least 10,000 events
were acquired for most samples. The expression of each anti-
gen was considered to be positive when at least 20% of gated
cells were fluorescent relative to negative controls. The phe-
notypes of blast cells were analyzed using a flow cytometer
(FACSCalibur; Becton). A ratio of CD13+ cell percentages to

Table 1 Comparison of clinical data in patients with p53 positive and
negative in patients with CD13/CD33 ratio < 1 and ≥ 2

p53 positive p53 negative p
(n = 25) (n = 19)

Age 0.299
<65 17 10
≥65 8 9

Sex 0.495
Male 16 14
Female 9 5

Hb 0.149
<8 16 8
≥8 9 11

Plt 0.565
<5 10 6
≥5 15 13

Blast of bone marrow (%) 0.395
<5 5 2
≥5 20 17

LDH 0.045*
<220 9 12
≥220 18 7

WHO (2017 classification) 0.973
MDS-SLD 0 0
MDS-RS 0 0
MDS-MLD 3 1
MDS-EB-1 8 6
MDS-EB-2 12 11
MDS with isolated del (5q) 2 1

IPSS-R 0.759
Very low 0 0
Low 2 2
int 6 2
High 8 9
Very high 9 6

IPSS-R cytogenetic risk group 0.741
Very good 0 0
Good 5 2
Intermediate 5 2
Poor 4 3
Very poor 11 12

Very poor cytogenetics
with abnormal chromosome 5 6 5 0.861

Response after the fourth cycle 0.734
CR 1 2
PR 3 3
SD 6 2
PD 9 8
Failure 6 4

Median cycles of AZA (no.) 4 (4–9) 5 (4–10) 0.823

* p<0.05

Hb, hemoglobin; Plt, platelet count; LDH, lactate dehydrogenase; MDS-
SLD, MDS with single lineage dysplasia; MDS-RS, MDS with ring
sideroblasts; MDS-MLD, MDS with multilineage dysplasia; MDS-EB,
MDS with excess blasts; int, intermediate; IPSS-R, revised international
prognostic scoring system; IPSS-R, revised IPSS; CR, complete remis-
sion; PR, partial remission; SD, stable disease; PD, progressive disease;
AZA, azacitidine
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Table 2 Comparison of clinical
data in patients with p53 positive
and negative in patients with 1 ≤
CD13/CD33 ratio < 2

p53 positive p53 negative p
(n = 29) (n = 48)

Age 0.933
<65 10 17
≥65 19 31

Sex 0.988
Male 6 38
Female 23 10

Hb 0.313
<8 16 32
≥8 13 16

Plt 0.427
<5 13 26
≥5 16 22

Blast of bone marrow (%) 0.755
<5 5 7
≥5 24 42

LDH 0.005*
<220 14 38
≥220 15 10

WHO (2017 classification) 0.144
MDS-SLD 2 6
MDS-RS 2 2
MDS-MLD 1 5
MDS-EB-1 9 23
MDS-EB-2 15 12

IPSS-R 0.053
Very low 1 1
Low 2 6
int 10 19
High 8 20
Very high 8 2

IPSS-R cytogenetic risk group 0.023*
Very good 1 1
Good 13 29
Intermediate 2 10
Poor 2 4
Very poor 11 4

Very poor cytogenetics
with abnormal chromosome 5 3 4 0.766

Response after the fourth cycle 0.046*
CR 3 14
PR 13 25
SD 6 7
PD 7 2
Failure 0 0

Median cycles of AZA (no.) 7 (4–28) 9 (4–54) 0.014*

* p<0.05

Hb, hemoglobin; Plt, platelet count; LDH, lactate dehydrogenase;MDS-SLD,MDSwith single lineage dysplasia;
MDS-RS,MDSwith ring sideroblasts;MDS-MLD,MDSwith multilineage dysplasia;MDS-EB,MDSwith excess
blasts; int, intermediate; IPSS-R, revised international prognostic scoring system; IPSS-R, revised IPSS; CR,
complete remission; PR, partial remission; SD, stable disease; PD, progressive disease; AZA, azacitidine
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CD33+ cell percentages (CD13/CD33 ratio) < 1 (low), 1 ≤
CD13/CD33 ratio < 2, and 2 ≤CD13/CD33 (high) ratio were
noted in 26, 77, and 18 patients, respectively. All patients
provided their written informed consent to receive each regi-
men, and treatment was administered according to the princi-
ples of the Declaration of Helsinki. This study was approved
by the Japanese Red Cross Society Wakayama Medical
Center ethics committee.

Statistical analysis

Fisher’s exact test and the Mann-Whitney U test were used to
assess the significance of differences. Overall survival (OS)
was calculated as the time from the date of diagnosis to death
from any cause and AML progression was calculated as the
time from the date of diagnosis to leukemic transformation.
OS and AML progressions were assessed using the Kaplan-
Meier method and log-rank test. Factors affecting OS and
AML progression were analyzed using univariate and multi-
variate Cox’s proportional hazard regression models. A p val-
ue less than 0.05 was considered to be significant. Statistical
analyses were performed with the SPSS 11.5 system.

Results

The present study included 74 males (62%) and 47 females
(38%) with a median age of 69 years (range 20–87 years). The
median follow-up of the entire population was 39 months
(range 4–138 months). One hundred fourteen patients (95%)
received no prior therapy; three (2%) received lenalidomide
before AZA, 2 (1%) vitaminic support, and 2 (2%) erythroid-
stimulating agents. According to the WHO classification, 12
patients (10%) were diagnosed with MDS-SLD or MDS-RS,
10 (7%) with MDS-MLD, 46 (40%) with MDS-EB-1, 50

(41%) with MDS-EB-2, and 3 (2%) with MDS with isolated
del (5q). According to IPSS-R, 14 patients (12%) were strat-
ified as very low or low, 37 (31%) as intermediate, 45 (37%)
as high, and 25 (20%) as very high risk. Cytogenetic aberra-
tions were stratified according to the IPSS-R risk score, and 2
patients (2%) were diagnosed as very good, 49 (40%) as good,
19 (16%) as intermediate, 13 (11%) as poor, and 38 (31%) as
very poor risk. According to the IWG criteria applied after the
fourth cycle, 16% of patients achieved a complete response
(CR), 36% partial response (PR), and 17% stable disease
(SD). The median number of cycles of AZA was 9.6
(range 4–60) with a median time on treatment of
26 months (range 4–86).

In patients with CD13/CD33 low or high, twenty-five pa-
tients were positive for p53 expression, while 19 were nega-
tive (Table 1). p53 positivity correlated with higher serum
LDH levels. However, no significant differences were ob-
served in age, sex, theWHO classification, IPSS-R, risk status
according to cytogenetics, response after 4 cycles of AZA, and
the median number of cycles of AZA between the 2
groups. There was no significant difference in OS be-
tween p53-positive and p53-negative patients with CD13/
CD33 low or high.

In patients with 1 ≤CD13/CD33 ratio < 2, twenty-nine pa-
tients were positive for p53 expression, while 48 were nega-
tive (Table 2). No significant differences were observed in
age, sex, hemoglobin, platelet counts, theWHO classification,
and IPSS-R between the 2 groups. However, p53 positivity
correlated with higher serum LDH levels. Poorer risk status
according to cytogenetics was more frequently observed in
p53-positive patients than in p53-negative patients. The me-
dian number of cycles of AZA was lower in p53-positive
patients than in p53-negative patients. The rates of PD and
failure after 4 cycles of AZA were higher in p53-positive
patients than in p53-negative patients. The estimated 5-year
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Fig. 1 a Kaplan-Meier analysis of overall survival in p53-positive and p53-negative patients. b Kaplan-Meier analysis of the probability of AML
progression in p53-positive and p53-negative patients

216 J Hematopathol (2020) 13:213–219



OS rate was significantly lower in p53-positive patients than
in p53-negative patients (32.4% vs. 69%, p = 0.038) (Fig. 1a).
The 5-year rate to AML progression was significantly higher
in p53-positive patients than in p53-negative patients (31% vs.
16%, p = 0.047) (Fig. 1b). A number of prognostic indicators
for OS and AML progression were significant in univariate
and multivariate analyses (Table 3). Univariate and multivar-
iate analyses confirmed that higher serum LDH levels, poor/
very poor IPSS-R cytogenetic risk groups, poor responses
after 4 cycles of AZA, and p53 positivity were independent
adverse prognostic factors for OS. Univariate analyses con-
firmed that higher serum LDH levels, poor/very poor IPSS-R
cytogenetic risk groups, a poor response (PD and failure) after
4 cycles of AZA, and p53 positivity were independent adverse
prognostic factors for AML progression. The multivariate
analysis showed that higher serum LDH levels and p53 pos-
itivity were independent adverse prognostic factors for AML
progression.

Discussion

The present study demonstrated the relationship between p53
expression and the outcomes of MDS patients treated with
AZA. We previously demonstrated that a CD13/CD33 ratio
low or high was associated with shorter survival in our MDS
patients treated with AZA. Although there was no significant
difference in survival between p53 positive and p53 negative
in patients with CD13/CD33 ratio low or high, p53 positivity
was correlated with shorter OS and higher AML progression
in the patients with 1 ≤CD13/CD33 ratio < 2.

Somatic gene mutations affecting patient outcomes, such as
TP53, EZH2, ETV6, RUNX1, and ASXL1, have recently been
identified inMDS [19–21]. Mutations in p53 proteins generally
result in the loss of their normal functions and may also lead to
the gain of another function. Previous studies demonstrated the
negative impact of TP53 mutations on patient outcomes and
found a relationship between TP53 mutations and poor therapy
responses [9, 19, 22, 23]; however, it currently remains unclear
whether p53 expression also influences responses to AZA.
Muller-Thomas et al. showed that p53 expression did not have
a negative impact on treatment responses in patients with
higher-risk MDS and secondary AML treated with AZA [24],
and the present study showed p53 expression was also not
associated with treatment response in patients with CD13/
CD33 low and high. On the other hand, p53 expression in the
patients with 1 ≤CD13/CD33 ratio < 2 was correlated with
shorter OS and higher AML progression, and higher LDH level
and poorer cytogenetic abnormalities were associated with p53
expression in these patients.

Previous studies identified an increased LDH level as a
poor prognostic predictor in MDS and AML [25, 26]. Park
et al. reported that an increased LDH level had a negative Ta
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effect on the OS ofMDS patients [26]. Other reports described
the pretreatment risk group and initial LDH levels were con-
firmed as important prognostic factors to predict the outcomes
for patients with AZA [27]. Although it is unknown the asso-
ciation of LDH level and p53 expression, higher LDH
level was associated with p53 expression and poor prog-
nosis in our study.

Recurrent cytogenetic abnormalities are powerful predictors
of the outcomes of patients with MDS and are included in
several prognostic scoring systems used in clinical practice
[28]. MDS with a complex karyotype may carry a wide range
of chromosomal abnormalities and somatic mutations. IPSS-R
assigns a substantial risk to 10% of MDS patients with a com-
plex karyotype, defined as three or more somatic chromosomal
abnormalities in a single clone. IPSS-R considers patients with
three or more abnormalities to have a poor or very poor cyto-
genetic risk. As defined by IPSS-R, the presence of complex
karyotypes excludes MDS patients from having lower-risk
MDS [16, 29]. Among MDS with complex karyotypes, the
presence of TP53 mutations has been correlated with poor out-
comes [30]. As shown in Table 2, poor and very poor IPSS-R
cytogenetic risks were associated with p53 expression. The
present study demonstrated that an increase in p53-positive cells
may predict disease progression and cytogenetic evolution.

In conclusion, the present study showed that p53 expres-
sion is an independent risk factor for shorter OS and AML
progression in MDS patients with 1 ≤CD13/CD33 ratio < 2.
The prognosis of patients with 1 ≤CD13/CD33 ratio < 2 was
better than that of CD13/CD33 ratio low and high; however,
there are some cases that progress to AML. Although a re-
sponse to AZA or achievement of a CR did delay leukemic
evolution, it did not prevent progression to AML. Our study
showed p53 positivity in MDS patients with 1 ≤CD13/CD33
ratio < 2 was associated with AML progression. Thus more
intensive therapy, including allogenic transplantation or early
combination approaches, may improve outcomes for those
patients. Further studies are warranted to clarify the roles of
these markers in the pathogenesis of MDS treated with AZA.
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