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Abstract. Azacitidine (AZA) has been one of the standard
treatments for transplantation-ineligible patients with myelo-
dysplastic syndrome (MDS); however, hematological toxicities
frequently cause treatment interruption in the early phase of
the therapy. The present study conducted a multicenter retro-
spective study to investigate the prognostic impacts of various
factors, including factors included in the Revised International
Prognostic Scoring System (IPSS-R) and severe cytopenia
in the early phase of AZA monotherapy in 212 patients with
MDS. Severe cytopenia was evaluated after the initiation of
therapy by absolute neutrophil counts on the 29th day after
AZA (ANC?29) initiation, and red cell concentrates (RCC) and
platelet concentrate (PC) transfusion units required within
28 days from the start of AZA, designated in the present study
as RCC28 and PC28, respectively. The survival period was
determined from the 29th day of AZA treatment to death from
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any cause as the conditional survival period after the first
cycle of AZA (CS-AZALl). Multivariate analysis demonstrated
that severe thrombocytopenia defined by >30 units of PC28
and very poor risk cytogenetics according to IPSS-R were
independent prognostic factors for CS-AZA1. The Kyoto
Conditional Survival Scoring System was subsequently
developed by incorporating severe thrombocytopenia defined
by PC28 and very poor risk cytogenetics, which successfully
stratified the risks of the patients in CS-AZAL. In conclusion,
extreme PC transfusion dependency during the first cycle of
AZA and very poor risk cytogenetics are important prognostic
factors in AZA monotherapy for MDS.

Introduction

Myelodysplastic syndrome (MDS) is a bone marrow (BM)
failure syndrome of hematopoietic stem cell disorder char-
acterized by ineffective hematopoiesis, blood cell dysplasia,
and a high risk of progression to acute myeloid leukemia
(AML), especially in high risk (HR) patients defined by the
International Prognostic Scoring System (IPSS) or the revised
IPSS (IPSS-R) (1-4). Although allogeneic stem cell transplanta-
tion (ASCT) is the only curative treatment option for HR-MDS,
most patients are ineligible for ASCT because of their high age
and comorbidities (1-5). A hypomethylating agent azacitidine
(AZA) has been one of the standards of care for patients with
ASCT-ineligible HR-MDS (6) since the AZA-001 trial demon-
strated its superior efficacy to conventional care regimens of
physicians' choice in improving overall survival (OS) reaching
24.5 months as the median period (7). With this regard, AZA
showed the potential to induce hematological improvement and
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delay leukemic evolution. However, the median OS in patients
with MDS treated with AZA seemed shorted in real-world
daily (RWD) practice around 10-17 months (8-10). Moreover,
patients received a median of 9 cycles of AZA in the AZA-001
trial (7), while only 4-6 cycles in real-world practice (8-10).
Therefore, it is critically important to predict the treatment
outcome of patients with HR-MDS by AZA treatment in RWD
practice for treatment decision-making, i.e., who will and will
not be expected to benefit from AZA monotherapy.

The IPSS-R consisting of pre-treatment variables,
including blood cell counts, BM blast ratio, and cytogenetics,
has been widely utilized as the prognosis prediction model in
various treatment situations in MDS (11). Many studies have
also reported the adverse prognostic impact of cytopenia
before treatment initiation in MDS (11-15). Moreover, AZA
treatment potentially causes various types of adverse events
that hamper treatment continuation (10,16-17), and, especially,
hematologic toxicities frequently necessitate the increase of
blood transfusion, trigger severe infection, and even result in
the treatment cessation in the early phase of treatment (18).
Although several previous studies have reported the influence
of blood cell transition after the initiation of hypomethylating
agents (HMA) on response and prognosis in patients with
MDS (19-21), the prognostic impact of hematologic toxicities
in the early clinical phase of AZA monotherapy has not been
evaluated in conjunction with pre-treatment prognostic factors
commonly utilized in the classical prognostic indices, such
as IPSS-R.

To answer this question, we conducted a multi-institutional
retrospective analysis to investigate the prognostic impact
of cytopenia during the first cycle of AZA monotherapy in
conjunction with other classical prognostic factors. In addition
to the evaluation of neutropenia after the first cycle of AZA
monotherapy for 28 days, we evaluated the degree of anemia
and thrombocytopenia by the dose of blood transfusion
required during the first cycle as the surrogates of anemia and
thrombocytopenia, because the minimum levels of hemoglobin
(Hb) level and platelet counts are masked by blood transfusion,
and, therefore, are not considered to be suitable as biomarkers.

Materials and methods

Study design and patients. We retrospectively collected clin-
ical and survival data of 212 patients with MDS who started
AZA monotherapy between January 2012 and December
2021 and survived more than 29 days after the start of AZA
at seven institutes belonging to the Kyoto Clinical Hematology
Study Group (KOTOSG), i.e., Kyoto Prefectural University of
Medicine (Kyoto, Japan), Aiseikai Yamashina Hospital (Kyoto,
Japan), Japan Community Health Care Organization Kyoto
Kuramaguchi Medical Center (Kyoto, Japan), Fukuchiyama
City Hospital (Fukuchiyama, Japan), Japanese Red Cross
Kyoto Daiichi Hospital (Kyoto, Japan), Japanese Red Cross
Kyoto Daini Hospital (Kyoto, Japan) and Matsushita Memorial
Hospital (Moriguchi, Japan). Diagnosis of MDS and MDS
subtypes were re-evaluated based on the 2016 World Health
Organization (WHO) classification (22). This study included
patients with intermediate, high, or very high risk MDS
according to the IPSS-R (11), while excluded patients who
underwent ASCT. We evaluated the factors included in the

IPSS-R, i.e., karyotype, rate of BM blasts, Hb level, platelet
counts, absolute neutrophil counts (ANC), age at diagnosis,
gender, ANC on the 29th day after the initiation of AZA
(ANC29), and the transfusion units required within 28 days
from the start of AZA with red cell concentrates, designated
here as RCC28, and platelet concentrate (PC28). This study
was conducted following the Declaration of Helsinki and the
ethical guidelines and approved by The Ethics Committee of
each institute that participated in the study.

Treatment with AZA and blood transfusion. All patients were
treated with AZA monotherapy as standard clinical treatment,
administered subcutaneously or intravenously at 75 mg/m?/day
for seven days every 28 days. Dose reduction of AZA based
on the patient's condition was allowed at the discretion of each
treating physician. RCC and PC transfusions were performed
at each treating physician's discretion, along with the transfu-
sion guidelines defined by the Japanese Society of Transfusion
Medicine and Cell Therapy, which recommend that the trigger
Hb level for RCC transfusion is 6-7 g/dl and the trigger platelet
counts for PC transfusion is 10x10°/1 (23,24). G-CSF was
allowed at the discretion of the attending physician.

Survival and statistical analysis. The conditional survival
period after the first cycle of AZA treatment (CS-AZA1)
was defined as the time from the 29th day after the start of
AZA to the date of death from any cause. The conditional
leukemia-free survival period after the first cycle of AZA treat-
ment (CLFS-AZAT1) was defined as the time from the 29th day
after the start of AZA to the date of progression to AML or
death from any cause, whichever came first. CS-AZA1 and
CLFS-AZA1 were analyzed using the Kaplan-Meier method
and compared by log-rank test.

We randomly selected 70% of all patients as a training set
and the remaining 30% as a validation set. Severe neutropenia
was defined as ANC29 less than the first quartile. As described,
severe anemia and thrombocytopenia were surrogated by the
degree of transfusion dependency in this study, and severe
anemia and severe thrombocytopenia were defined by RCC28
and PC28 more than the third quartile. The relative dose
intensity in the first cycle of AZA treatment (RDI-AZA1) was
defined by the ratio of the dose administered in the first cycle
of AZA divided by the amount determined in the AZA-001
trial, i.e., 75 mg/m? for seven days (7). Fisher's exact test was
used to compare categorical variables, and Mann-Whitney U
test or Kruskal-Wallis test was used to compare continuous
variables between two and more than two groups, respectively.
Steel-Dwass test was used as post hoc analysis after the
Kruskal-Wallis test. Because all continuous variables analyzed
in this study, i.e., BM blast ratio, Hb level, platelet counts, white
blood cell counts (WBC), ANC, age at diagnosis, RCC28,
PC28, ANC29, and RDI-AZA1 were not found to follow a
normal distribution by the Shapiro-Wilk test in the training
set patients, the correlation between the two variables was
analyzed using Spearman's rank correlation coefficient (25).
The univariate and multivariate analyses were performed by
Cox proportional hazards regression to identify significant
independent prognostic factors for CS-AZA1 and CLFS-AZAL.
Elements with P<0.1 in the univariate analysis were selected
for evaluation in the multivariate analysis. In addition, we tried
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Table I. Baseline characteristics, RCC and PC units within 28 days from the start of AZA, and ANC on the 29th day after the start

of AZA of patients in the training and the validation set.

Characteristics Training set (n=143)  Validation set (n=69)  P-value
Age, years 76 (52-94) 73 (31-93) 0.192
Male/female, n (%) 98 (68.5)/45 (31.5) 54 (78.3)/15 (21.7) 0.148
WHO 2016 classification, n (%) 0.388

MDS-SLD 2(14) 1(1.4)

MDS-MLD 22 (15.4) 17 (24.6)

MDS-RS-SLD 1(0.7) 1(14)

MDS-RS-MLD 6(4.2) 2(2.9)

MDS-EB1 54 (37.8) 17 (24.6)

MDS-EB2 55 (38.5) 28 (40.6)

MDS-U 3(2.0) 3(4.3)
Hemoglobin level, g/dl 7.8 (3.5-13.0) 753.2-114) 0.242
Platelet counts, x10%/1 68.0 (2.0-1139.0) 50.0 (10.0-685.0) 0.216
WBC, x10°/1 2.5(0.8-24.4) 2.4(02-424) 0.442
ANC, x10°/1 1.1 (0.0-19.6) 1.2 (0.0-23.3) 0.887
Blast in bone marrow, % 7.4 (0.0-19.8) 6.0 (0.0-18.8) 0.700
Cytogenetic risk defined by IPSS-R, n (%) 0.515

Very good 2(14) 0(0.0)

Good 34 (23.8) 16 (23.2)

Intermediate 33 (23.1) 16 (23.2)

Poor 15 (10.5) 34.3)

Very poor 59 (41.3) 34 (49.3)
IPSS-R risk group, n (%) 0.107

Intermediate 29 (20.3) 7 (10.1)

High 39 (27.3) 26 (37.7)

Very high 75 (52.4) 36 (52.2)
RCC transfusion units within 28 days from the start of AZA, days 4 (0-30) 4 (0-12) 0.153
PC transfusion units within 28 days from the start of AZA, days 0 (0-170) 0 (0-120) 0.682
ANC on the 29th day after the start of AZA, x10%/1 0.4 (0.0-9.3) 0.5 (0.0-9.8) 0.793

Data presented as median (range) unless otherwise shown. ANC, absolute neutrophil counts; AZA, azacitidine; EB, excess blasts; IPSS-R,
Revised International Prognostic Scoring System; MDS, myelodysplastic syndrome; MLD, multilineage dysplasia; PC, platelet concentrate;
RCC, red cell concentrates; RS, ring sideroblasts; SLD, single lineage dysplasia; WBC, white blood cells.

to create a new predictive model by combining independent
prognostic factors extracted in the training cohort and veri-
fied it in the validation cohort. To evaluate the prognostic
discriminatory ability of the new prognostic prediction score,
we evaluated Harrell's c-index, which estimates the probability
that out of two randomly selected patients, the patient with a
lower (better) prognostic score will live longer than the patient
with a higher (worse) prognostic score (26,27). The P-values of
<0.05 were considered statistically significant. All statistical
analyses were performed with EZR version 1.61 (28).

Results

Patient characteristics. The training and the validation sets
comprised 143 and 69 patients, respectively. There were no
significant differences in patients' characteristics between
the training and the validation sets (Table I). In the training
set, the median age of patients was 76 years old (range

52-94), and 98 (68.5%) patients were male. According to the
IPSS-R, 75 patients (52.4%) were classified as very high-risk,
39 (27.3%) as high-risk, and 29 (20.3%) as intermediate-risk.
Precise data about RCC28, PC28, and ANC29 in the training
set are shown in Table II. As a result, the median numbers of
RCC28 and PC28 were four units and 0 units, respectively, and
the median number of ANC29 was 0.43x10%1. Severe anemia
and severe thrombocytopenia were determined to be more
than six and 30 units, respectively. Severe neutropenia was
determined to be less than 0.18x10%/1. G-CSF was administered
in 10 patients, including those with severe neutropenic patients
with infection.

Survival data and prognostic factors for CS-AZAIl and
CLFS-AZAI in the training set. In the training set, with the
median follow-up period calculated from the 29th day after the
start of the first-cycle AZA was 11.7 months (range, 0.1-60.8),
the median CS-AZA1 was 13.9 months (95% confidence
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Table II. RCC28, PC28, and ANC29 in the training set.

Variable Minimum Ist quartile Median 3rd quartile Maximum
RCC28, unit 0 0 4 6 30
PC28, unit 0 0 0 30° 170
ANC29, x10°/1 0.02 0.18* 043 1.32 9.31

“Threshold of severe anemia, severe thrombocytopenia, and severe neutropenia. RCC, red cell concentrates; PC, platelet concentrate; ANC,

absolute neutrophil counts.

interval (CI), 11.5-17.1) (Fig. 1A), and the median CLFS-AZA1
was 11.4 months (95% CI, 9.0-14.3) (Fig. 1B). Both CS-AZA1
and CLFS-AZA1 showed significant differences in the
stratification with IPSS-R-defined groups. Namely, the median
CS-AZA1 was 11.8 (95% CI,9.5-15.4), 15.1 (95% CI, 7.7-23.6),
and 21.9 (95% CI, 10.7-36.8) months (P=0.003), in the very
high-, high-, and intermediate-risk groups, respectively
(Fig. 1C), whereas the median CLFS-AZA1 was 10.4 (95% CI,
79-11.9), 14.0 (95% CI, 7.5-18.7), and 16.0 (95% CI, 7.7-27.1)
(P=0.007) (Fig. 1D), respectively. The median RDI-AZALI in
the training set was 90% (interquartile range (IQR), 66-97),
and we determined the cutoff of RDI-AZA1 was set to 90%.
RDI-AZAI1 had no prognostic impact on either CS-AZAI or
CLFS-AZAIl (Fig. 1E, F).

The univariate analysis for CS-AZA1 found that the male
gender, the very poor cytogenetic risk, the low Hb level of
<8.0 g/dl at diagnosis, the low platelet counts of <50x10°%/1
at diagnosis, the low ANC of <0.8x10%1 at diagnosis, severe
anemia defined by RCC28, and severe thrombocytopenia
defined by PC28, and severe neutropenia defined by ANC29
were associated with short CS-AZAT1 (Table III). Then, the
multivariate analysis for CS-AZA1 identified that the very
poor risk cytogenetics (HR, 2.18; 95% CI, 1.42-3.33; P<0.001)
and severe thrombocytopenia defined by the more than 30
units of PC28 (HR, 2.90; 95% ClI, 1.56-5.37; P<0.001) were
independent poor prognostic factors (Table III). The multi-
variate analysis for CLFS-AZAT1 also showed that the very
poor risk cytogenetics (HR, 1.80; 95% CI, 1.20-2.71; P=0.004)
and severe thrombocytopenia defined by the more than 30
units of PC28 (HR, 2.05; 95% CI, 1.13-3.73; P=0.018) were
independent poor prognostic factors (Table I1T).

Characteristics and outcomes of patients with severe
thrombocytopenia defined by PC28. We next analyzed
the correlation between PC28 and other variables, charac-
teristics, and treatment outcomes of patients with severe
thrombocytopenia defined by more than 30 units of PC28
in the training set. We investigated whether PC28 correlated
with age, gender, Hb level, platelet counts, WBC, ANC, blast
ratio in bone marrow, cytogenetic risk, RCC28, ANC29, and
RDI-AZAL1 by Spearman's rank correlation coefficient. Hb
level (r=-0.258, P=0.002), platelet counts (r=-0.623, P<0.001),
RCC28 (r=0.583, P<0.001), and ANC29 (r=-0.281, P=0.001)
had a correlation with PC28, and other variables did not have a
correlation with PC28 (Table SI). The baseline characteristics,
RCC28,PC28, ANC29, and RDI-AZA1 of patients with severe
thrombocytopenia and those without severe thrombocytopenia

were summarized in Table I'V. Patients with severe thrombo-
cytopenia had lower baseline Hb levels, lower baseline platelet
counts, higher RCC28, and lower ANC29. RDI-AZAL in
patients with severe thrombocytopenia tended to be lower,
although not statistically significant. The median CS-AZA1
was 5.8 months (95% CI, 2.5-13.1) in patients with severe
thrombocytopenia and 15.4 months (95% CI, 11.8-18.1) in
patients without severe thrombocytopenia (P<0.001) (Fig. 2A).
The median CLFS-AZA1 was 4.5 months (95% CI,2.5-11.9) in
patients with severe thrombocytopenia and 12.3 months (95%
CI, 10.4-15.1) in patients without severe thrombocytopenia
(P<0.001) (Fig. 2B). The cumulative incidence of progression
to AML was similar between patients with and without severe
thrombocytopenia (P=0.752) (Fig. 2C).

Since severe thrombocytopenia defined by PC28 was
significantly worse in the CS-AZA1 but was not linked to the
cumulative incidence of progression to AML, we compared
the causes of death. In twenty-two patients with severe throm-
bocytopenia died within the follow-up period, the causatives
of death were AML in 10 (45.5%), infection in 5 (22.7%),
hemorrhagic event in 1 (4.5%), and other disease in 1 (4.5%),
and unknown in 5 patients (22.7%) (Fig. 2D). In eighty-seven
patients without severe thrombocytopenia died within the
follow-up period, the causatives of death were AML in 46
(52.9%), infection in 19 (21.8%), hemorrhagic event in 3 (3.4%),
other malignancy in 1 (1.1%), other diseases in 2 (2.3%), and
unknown in 16 patients (18.4%) (Fig. 2E). Thus, the causatives
of death were not significantly different between patients with
severe thrombocytopenia and those without (P=0.862).

Establishment of a new prognostic model for CS-AZAI and
CLFS-AZAI.Because most of the variables utilized in IPSS-R,
except cytogenetics, were not shown to have prognostic
impacts on CS-AZA1 and CLFS-AZA1 in our cohort, we next
tried to develop a new prognostic model, here designated as
the Kyoto Conditional Survival Scoring System (KCSS), for
patients with MDS treated by AZA monotherapy, by incorpo-
rating the very poor risk cytogenetics according to the IPSS-R
and severe thrombocytopenia defined by more than 30 units of
PC28 as prognostic variables. We classified patients into three
risk groups by the number of risk factors, i.e., the good-risk
group without any risk factor, the intermediate-risk group with
one risk factor, and the poor-risk group with two risk factors.
The baseline characteristics, RCC28, PC28, ANC29, and
RDI-AZAT1 of patients in the training set according to the
risk groups by the KCSS were summarized in Table V. There
were significant differences in platelet counts at diagnosis,



ONCOLOGY LETTERS 27: 62, 2024

A 1.0
> 0.8+
§
-8 0.6
(o}
ﬁ 0.4
<
8 0.2-
0.0
I 1 I I 1
0 10 20 30 40
Months
Number at risk
143 79 39 14 6
C
1.0 - IPSS-R
— Intermediate
Z 087 -=- High
g | TE R e Very high
S 0.6
Q
g 0.4+
<
8 0.2
P=0.003
0.0 :
T T T T T
0 10 20 30 40
Months
Number at risk
Intermediate 29 18 13 6 2
High 39 21 13 5 3
Very high 75 40 13 3 1
E
1.0 RDI-AZA1
— >90%
- - %
> 0.8 - <90%
E
3
S 0.6
s
J 0.4+
<
38
0.2
0.0
T T T T T
0 10 20 30 40
Months
Number at risk
>90% 70 47 22 9 2
<90% 73 32 17 5 4

Figure 1. Survival curves of CS-AZA1 and CLFS-AZAL1 stratified according to disease risk and treatment intensity. (A) CS-AZA1 and (B) CLFS-AZAI
in the entire training set. (C) CS-AZA1 and (D) CLFS-AZA1 were stratified by the Revised International Prognostic Scoring System in the training set.
RDI-AZAT1 had no prognostic impact on (E) CS-AZA1 and (F) CLFS-AZA1. CS-AZAl, conditional survival period after the first cycle of azacitidine treat-
ment; CLFS-AZAT, conditional leukemia-free survival period after the first cycle of azacitidine treatment; RDI-AZAL, relative dose intensity in the first cycle

of azacitidine treatment.

RCC28, and ANC29, in addition to IPSS-R-defined cytoge-
netic features and PC28, among different risk groups. When
analyzing the relationship between the disease risks evaluated
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by IPSS-R and KCSS, the good-risk group by KCSS consisted
of 36.8, 41.2, and 22.1% of the intermediate-, high-, and very
high-risk patients according to the IPSS-R, respectively. The
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Table IV. Baseline clinical characteristics, RCC28, PC28 and ANC29 of patients with/without severe thrombocytopenia defined

by >30 units of PC28.
No severe thrombocytopenia Severe thrombocytopenia

Variable (n=115) (n=28) P-value
Age, years 76 (52-94) 74 (52-90) 0.178
Male/Female, n (%) 79 (68.7)/36 (31.3) 19 (67.9)/9 (32.1) 1.000
Hemoglobin level, g/dl 8.1 (3.5-13.0) 7.0 (5.5-10.2) 0.004
Platelet counts, x107%/1 76.0 (14.0-1139.0) 24.5 (2.0-270.0) <0.001
WBC, x107/1 2.5(0.8-19.0) 22(0.8-24.4) 0.344
ANC, x10°/1 1.1 (0.0-13.1) 0.9 (0.1-19.6) 0.692
Blast in bone marrow, % 6.8 (0.4-19.8) 8.3(0.3-184) 0.557
Cytogenetic risk according to IPSS-R, n (%) 0.598

Very good 2(1.7) 0(0.0)

Good 25 (21.7) 9(32.1)

Intermediate 27 (23.5) 6((21.4)

Poor 14 (12.2) 1(3.6)

Very poor 47 (40.9) 12 (42.9)
RCC28, units/month 2 (0-14) 8 (0-30) <0.001
PC28, units/month 0 (0-30) 60 (35-170) <0.001
ANC29, x10°/1 0.5 (0.0-9.0) 0.3(0.0-9.3) 0.039
RDI-AZAT1, % 91 (68-97) 81 (62-95) 0.059

Data presented as median (range) unless otherwise shown. RDI-AZA1, relative dose intensity in the first cycle of azacitidine treatment; RCC,
red cell concentrates; PC, platelet concentrate; ANC, absolute neutrophil counts; WBC, white blood cells.

KCSS-defined intermediate-risk group consisted of 6.3, 15.9,
and 77.8% of intermediate-, high-, and very high-risk patients,
according to the IPSS-R. The poor-risk group defined by
KCSS consisted of 8.3 and 91.7% of high- and very high-risk
patients, according to the IPSS-R (Fig. 3A).

The CS-AZA1 and CLFS-AZAL of the three risk groups
defined by KCCS were significantly different in the training set.
The median CS-AZA1 was 3.8 (95% CI,0.9-9.3),12.2 (95% CI,
9.5-15.4), 20.4 (95% CI, 15.1-25.9) months in patients with the
poor-risk group, intermediate-risk group, and good-risk group
defined by KCSS, respectively (P<0.001) (Fig. 3B), while the
median CLFS-AZA1 were 3.6 (95% CI,0.9-5.7), 11.2 (95% CI,
8.5-14.0), and 15.1 (95% CI, 10.5-20.4) months in patients with
poor-risk group, intermediate-risk group, and good-risk group
defined by KCSS, respectively (P<0.001) (Fig. 3C).

KCSS also successfully stratified the patients' risks in
CS-AZA1 and CLFS-AZALI in the validation set. The median
CS-AZA1 was 3.2 (95% CI, 0.9-9.7), 10.0 (95% ClI, 5.6-14.7),
and 26.2 (95% CI, 13.7-37.7) months in patients with poor-risk
group, intermediate-risk group, and good-risk group defined
by KCSS, respectively (P<0.001) (Fig. 3D), and the median
CLFS-AZA-1 was 2.8 (95% CI,0.9-9.7), 7.9 (95% CI,5.3-11.9),
16.5 (95% CI, 8.0-21.2) months in patients with poor-risk
group, intermediate-risk group, and good-risk group defined
by KCSS, respectively (P<0.001) (Fig. 3E).

Assessing the predictive value and treatment cycles of KCSS.
To evaluate the predictive value of KCSS, we evaluated the
c-index of KCSS and the treatment cycles of each risk group
concerning the comparison with IPSS-R. In the training set,

c-indices for CS-AZA1 of IPSS-R and KCSS were 0.559
(standard error (SE), 0.030) and 0.630 (SE, 0.027), respec-
tively (Fig. 4A). In the validation set, c-indices for CS-AZA1
of IPSS-R and KCSS were 0.651 (SE, 0.036) and 0.686 (SE,
0.041), respectively (Fig. 4B). Finally, we analyzed the cycle
numbers of AZA treatment in the entire cohort. The median
cycle number of AZA in the whole cohort was 6 (interquartile
range (IQR), 3-11) cycles. According to IPSS-R, the median
cycle numbers of AZA were 6 (IQR, 3-10), 6 (IQR, 4-11), and 6
(IQR, 3-11) in the very high-, high-, intermediate-risk groups,
respectively (P=0.372). According to KCSS, the median cycle
numbers of AZA were 2 (IQR, 1-5), 6 (IQR, 3-11), and 7 (IQR,
4-13) in patients with the poor-risk group, intermediate-risk
group, and good-risk group, respectively (P<0.001), thus, were
significantly different among risk groups (Fig. 4C). In post
hoc analysis, the number of AZA cycles of poor-risk patients
was lower than that of intermediate-(P<0.001) and good-risk
(P<0.001) patients.

Discussion

Many studies have supported the adverse prognostic impact of
cytopenia before treatment initiation in MDS (11-15). Although
AZA improved the prognosis of patients with HR-MDS,
cytopenia after starting AZA often hampers treatment contin-
uation, resulting in severe infection and intolerance (10,16-17).
Moreover, it has been reported that cytopenia after starting
AZA is particularly severe in the first cycle (18). Although
several previous studies have reported the influence of blood
cell transition after initiating HMA on response and prognosis
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Figure 2. Prognostic impact of the transfusion units required within 28 days from the start of AZA with PC28. (A) CS-AZAl, (B) CLFS-AZA-1 and
(C) cumulative incidence of progression to AML based on severe thrombocytopenia defined by PC28 or not. The causes of death in patients with (D) severe
thrombocytopenia and (E) those without who died within the follow-up period. CS-AZA1, conditional survival period after the first cycle of azacitidine
treatment; CLFS-AZA1, conditional leukemia-free survival period after the first cycle of azacitidine treatment; AML, acute myeloid leukemia; PC28, platelet

concentrate transfusion units required within 28 days from the start of AZA.

in patients with MDS (19-21), the prognostic impact of severe
cytopenia in the early phase of treatment has not been evalu-
ated. Therefore, we in this study retrospectively investigated
the prognostic significance of severe cytopenia occurring
during the first cycle of AZA monotherapy in the setting of
real-world practice.

This study showed that the very poor risk cytogenetics
according to the IPSS-R and the higher requirements of
PLT transfusion units during the first AZA cycle (PC28) had
independent adverse prognostic impacts in patients with MDS
treated by AZA monotherapy. In contrast, the IPSS-R factors
other than cytogenetics, i.e., blast ratio in BM, Hb level, platelet
counts, and ANC before AZA treatment, were not significantly
associated with CS-AZA1 and CLFS-AZAL. This provoked
us to develop a new prognostic model of KCSS consisting
of two independent prognostic factors described above, and,
importantly, KCSS successfully discriminated risk groups in
CS-AZAI1 and CLFS-AZAT1 in our cohort. Considering that
the pre-treatment findings define IPSS-R, while KCSS utilizes
the post-treatment information, comparing the predictive
values of IPSS-R and KCSS is unreasonable. However, our
study highlighted the prognostic significance of hematologic
status during the first cycle of AZA in MDS.

In previous studies, hematologic recovery after starting
HMA in MDS patients has been reported to be associated
with treatment outcomes. Lieke et al. and Ping et al showed
that platelet count changes after HMA initiation correlate with
prognosis (19,20). Nathan et al. created a machine learning
model to predict favorable treatment responses in 424 MDS
patients treated with AZA for over four months. They found
that the post-treatment response of Hb level and platelet counts
was crucial in predicting treatment outcomes (21). Our study
demonstrated that the number of transfusions representing
platelet changes was related to prognosis, which validates
these previous findings. Unlike previous studies that predicted
a favorable prognosis in patients whose platelet counts
increased after starting HMA (19,20) or predicted the response
rate based on blood cell changes after starting HMA (21), our
study has a notable strength in identifying patients with a very
inferior prognosis as evidenced by the median survival of
approximately four months in the poor-risk group according
to KCSS, which was not included in previous studies.

It has been reported that 91% of the first responses by AZA
were achieved within six cycles in the AZA-001 trial (29) and
that responders obtained a better prognosis (30,31). It has also
been recommended to continue AZA monotherapy for at least
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Table V. Baseline characteristics, RCC28, PC28, ANC29 and RDI-AZA1 according to the risk group defined by KCSS in the

training set.

Good-risk group Intermediate-risk group ~ Poor-risk group

Parameter (n=68) (n=63) (n=12) P-value
Age, years 76 (56-94) 76 (52-90) 68 (52-84) 0.079
Male/Female, n (%) 45 (66.2)/23 (33.8) 47 (74.6)/16 (25.4) 6 (50.0)/6 (50.0) 0.206
Hemoglobin level, g/dl 8.1(5.7-13.0) 7.7 (3.5-11.2) 7.3 (6.1-10.0) 0.174
Platelet counts, x107%/1 88.5 (17.0-1139.0) 46.0 (3.0-470.0) 23.5(2.0-2700)  <0.001
WBC, x107/1 2.6 (0.8-19.0) 24(1.0-24.4) 2.4 (0.8-22.1) 0.888
ANC, x10°/1 1.1 (0.0-13.1) 1.0 (0.1-10.6) 0.8 (0.1-19.6) 0.703
Blast in bone marrow, % 7.8 (04-194) 6.8 (0.0-19.8) 8.0(0.3-18.4) 0.959
Cytogenetic risk according to IPSS-R, n (%) <0.001

Very good 2(2.9) 0(0.0) 0(0.0)

Good 25 (36.8) 9(14.3) 0(0.0)

Intermediate 27 (39.7) 6(9.5) 0(0.0)

Poor 14 (20.6) 1(1.6) 0(0.0)

Very poor 0 (0.0) 47 (74.6) 12 (100.0)
RCC28, unit 2 (0-10) 4 (0-24) 8 (2-30) <0.001
PC28, unit 0 (0-30) 10 (0-170) 60 (40-120) <0.001
ANC29, x10°/1 0.7 (0.0-9.0) 04 (0.0-9.3) 02(0.1-5.6) 0.003
RDI-AZAT1, %, median (IQR) 90 (69-98) 89 (63-96) 92 (66-96) 0.553

Data presented as median (range) unless otherwise shown. KCSS, Kyoto Conditional Survival Scoring System; RCC, red cell concentrates;
PC, platelet concentrate; ANC, absolute neutrophil counts; RDI-AZA1, relative dose intensity in the first cycle of azacitidine treatment.

4-6 cycles to assess response, even in cases with progressive
cytopenia after starting AZA (32,33). However, this has not
been easily reproduced in real-world practice (8-10). With this
regard, it was intriguing that the treatment cycle was more
closely associated with KCSS than IPSS-R in our cohort.
Indeed, the median cycle of AZA was only two cycles in
patients judged as poor-risk by KCSS in our cohort, again
reflecting the difficulty of treatment continuation in this
particular population. Most of the poor-risk patients defined by
KCSS had severe anemia and neutropenia in addition to severe
thrombocytopenia after the initiation of AZA, and these might
collectively make treatment continuation difficult by causing
various kinds of adverse events.

KCSS showed superior abilities in discriminating risk
groups in CS-AZA1 and CLFS-AZA1 to IPSS-R in our
cohort and identified patients who did not benefit from
AZA treatment and could not continue AZA for a sufficient
period. Approximately 50% of patients had less than 90%
of RDI-AZAT1, and the RDI-AZAL1 of the oldest patient, a
93-year-old, was 75%. Patients with severe thrombocytopenia
defined by PC28 were found to have higher RCC28 and
lower ANC29 despite a lower tendency in RDI-AZA1, which
suggested the difficulty of administrating full doses of AZA
to some patients, especially those with severe thrombocyto-
penia, in clinical practice. Although a previous study showed
that reducing the dosage of AZA before achieving the objec-
tive response was associated with poor prognosis and that
dose reduction of AZA should be decided with caution (34),
based on the results of this study, the dose reduction of AZA
in consideration of hematologic toxicity is unavoidable in

actual clinical practice. Considering the severe hematologic
toxicity of AZA in some patients, new therapeutic agents may
be needed to improve the prognosis of this group of patients.
For example, magrolimab, an anti-CD47 antibody (35), and
sabatolimab, which inhibits T-cell immunoglobulin and mucin
domain 3 (36), are expected to be new therapeutic agents
for MDS.

This study had several limitations. First, there was the
possibility that the threshold for transfusion varied among
attending physicians. However, most researchers belonging
to KOTOSG adhered to the established guidelines for RCC
and PC transfusions (23,24), and, therefore, we consider that
the bias was minimal. Second, genetic information about the
patients was not obtained. It is well recognized that genetic and
epigenetic mutations are closely linked to therapeutic response
and prognosis (37-43). Future studies should, therefore, inte-
grate the genetic information to establish a more accurate
predictive model. Third, due to the retrospective observational
design of this study, information regarding the cause of death
was often unknown. Therefore, we could not thoroughly
analyze the etiology underlying the poor prognosis of patients
with severe thrombocytopenia defined by PC28. Additionally,
the prognostic significance of performance status (PS) was not
assessed in this study due to the limited number of patients
with a PS of >2 because most patients analyzed had a PS of
0 or 1 based on the Eastern Cooperative Oncology Group
criteria (44).

In conclusion, severe PC transfusion dependency during the
first cycle of AZA and very poor risk cytogenetics are the criti-
cally important prognostic indicators in AZA monotherapy for
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MDS, and KCSS may be a useful predictive prediction model
of CS-AZA1 and CLFS-AZAL.
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