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1 | INTRODUCTION

Myelodysplastic syndromes (MDS) are clonal hematopoietic stem
cell disorders characterized by ineffective hematopoiesis and dys-
plasia of hematopoietic cells.! The primary cause of death in MDS
patients is infection, mostly due to cytopenia and neutrophil dys-
function. In some patients, blast counts increase during the clinical
course, resulting in progression to acute myeloid leukemia (AML),
which is generally refractory to standard chemotherapy. The prog-
nosis of MDS is often predicted using the International Prognostic
Scoring System (IPSS),% and its revised version (IPSS-R),% both of
which are based upon the percentages of marrow blasts, chromo-
somal abnormalities, and cytopenia. Patients are considered to be
at lower risk (LR) if they are classified into the low and intermediate
(int)-1 risk groups, and at higher risk (HR) if in the Int-2 and high-
risk groups on the IPSS. Treatments differ between patients with
LR and HR, as significant differences between these groups exist
in the risk of leukemic transformation and survival. For LR-MDS
patients, the aim of treatment is mainly to improve cytopenias
and quality of life, such as reducing the volume of transfusion.
Erythropoiesis-stimulating agents (ESAs)* and immunosuppressive
therapies (IST)° are used for patients with LR-MDS for these pur-
poses. New agents (eg, luspatercept® and lenalidomide’) are be-
coming available for LR-MDS to improve cytopenia, but response
rates are still unsatisfactory, and most importantly, no agents
have been found to significantly prolong survival of LR-MDS in
prospective randomized clinical trials. For HR-MDS, because of
the shorter survival than LR-MDS, more aggressive strategies
are applied, including intensive chemotherapy and hematopoietic
stem cell transplantation (HSCT).! The hypomethylating agent,
azacitidine (AZA), has been tested among HR-MDS patients who
were not candidates for HSCT,® and significantly prolonged time
to leukemic transformation and survival compared with the con-
ventional care regimens. AZA is therefore considered as first-line
treatment for HR-MDS patients when HSCT, as the only curative

option for MDS, is unavailable. Several studies have shown that
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transfusion independence (TI) of red blood cells in 27.3% of patients. and platelet in
20% of patients, respectively. Median OS for patients received IST, ESA, BSC, and
AZA (not reached, 91 months, 58 months, and 29 months, respectively) differed sig-
nificantly (P < .001). Infection-related severe adverse events were observed in more
than 20% of patients treated with AZA. Multivariate analysis showed age, sex, IPSS
score at diagnosis, and transfusion dependence were significant for OS, but AZA
treatment was not, which maintained even response to AZA, and IPSS risk status at
AZA administration was added as factors. We could not find significant survival ben-
efit of AZA treatment for LR-MDS patients.

characteristics and pathology of human cancer, chemotherapy and endocrine therapy,

epigenetic therapy, hematopoietic organ

AZA for LR-MDS provided hematological response, hematological

improvement,” and transfusion independence (T1).1°

Considering
the effects of AZA on HR-MDS for improving survival, determin-
ing whether AZA could significantly prolong survival of LR-MDS
is important. Reported outcomes of long-term survival in LR-MDS
patients treated with AZA remain controversial, with some stud-
ies analyzing small numbers of cases, and some lacking a control
group,"'19 prompting us to address this issue. The current study
used an observational scheme to retrospectively analyze outcomes
for LR-MDS patients diagnosed and treated at multiple institutions
in Nagasaki Prefecture, particularly to evaluate the long-term effi-

cacy of AZA in the real-world practice.

2 | PATIENTS AND METHODS
2.1 | Patients

In this study, MDS was diagnosed according to the French-
American-British (FAB)20 and World Health Organization (WHO)
classification 2008,%! and prognostic risk stratification at diagno-
sis was based on the IPSS and IPSS-R. We retrospectively collected
all LR-MDS patients meeting the following criteria: IPSS low and
int-1; age >18 years old; and diagnosis between January 2000 and
December 2016 at Nagasaki University Hospital or 9 affiliated fa-
cilities (listed in acknowledgement). To demonstrate a role of AZA
in the real-world practice, LR-MDS patients at diagnosis were in-
cluded and analyzed by treatment group, regardless of the risk sta-
tus when treatment started. Data were updated as of the end of July
2017. We included patients with therapy-related MDS (t-MDS) and
with transformation from aplastic anemia, but excluded patients
with chronic myelomonocytic leukemia. Comorbidities were evalu-
ated using the Charlson comorbidity index?? and MDS comorbid-
ity index (MDS-CI).%® Performance status (PS) was evaluated using
Eastern Cooperative Oncology Group (ECOG) score. Transfusion

dependence (TD) was defined as a condition requiring transfusion
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TABLE 1 Clinical features of patients by treatment group

Non-AZA group P value
{non -AZA_
Parameter IST group ESA group BSC group Total AZA group vs AZA)
No. of patients 50 39 347 436 53
Age, median 69 78 77 76 71 0.020?
Range 20-90 57-89 19-94 19-94 44-87
Sex
Male, n (%) 25 (50) 24 (61.5) 187 (53.9) 236 (54.1) 36 (67.9) 0.059°
Female, n (%) 25 (50) 15 (38.5) 160 (46.1) 200 (45.9) 17 (32.1)
Onset
De novo, n (%) 44 (88) 35(89.7) 324 (93.4) 403 (92.4) 47 (88.7) 0.042°
Secondary, n (%) 6(12) 3(7.7) 6(1.7) 15(3.4) 0
t-MDS, n (%) 0 1(2.6) 17 (4.9) 18 (4.1) 6(11.3)
FAB classification
RA, n (%) 46(92) 31(79.5) 286 (82.4) 363(83.3) 41 (77.4) 0.132°
RARS, n (%) 0 3(7.7) 13(3.7) 16 (3.7) 0
RAEB, n (%) 4(8) 5(12.8) 42(12.1) 51 (11.7) 11 (20.8)
RAEB-T, n (%) 0 0 6(1.7) 6(1.4) 1(1.9)
IPSS
Low, n (%) 11 (22.0) 17 (43.6) 130(37.5) 158 (36.2) 12(22.6) 0.066°
Intermediate-1, n (%) 39 (78.0) 22 (56.4) 217 (62.5) 278 (63.8) 41(77.4)
Karyotype risk by IPSS-R
Very good, n (%) 5(10) 4(10.2) 21(6.1) 30(6.9) 2(3.8) 0.035°
Good, n (%) 33 (66) 25 (64.1) 273(78.7) 331(75.9) 38(71.7)
Intermediate, n (%) 10 (20) 8(20.5) 40 (11.5) 58(13.3) 6(11.3)
Poor, n (%) 2(4) 0 8(2.3) 10 (2.3) 6(11.3)
Very poor, n (%) 0 2(5.1) 5(1.4) 7 (1.6) 1(1.9)
ECOG PS
0-1, n (%) 28 (56) 15(38.5) 166 (47.8) 209 (47.9) 34 (64.1) 0.004°
2-4,n (%) 14 (28) 19 (48,7) 145 (41.8) 178 (40.8) 19 (35.8)
Unknown, n (%) 8 (16) 5(12.8) 36(10.4) 49 (11.2) 0
ANC (x109/L), median 1.43(0.27-4.1) 1.88(0.33-8.7) 1.69 (0.18-11.2) 1.70(0.18-11.7) 1.98(0.29-7.0) 0.408%
(range)
Hb (g/dL), median (range) 8.2(3.5-14.7) 7.6 (4.0-10.9) 8.7 (2.5-15.1) 8.4(2.5-15.1) 9.1 (4-14.7) 0.1022
Plt (x109/L), median (range)  41.5 (4.0-374) 120.0 (15.0-611.0)  96.0(5.0-458.0)  93.0 (4.0-611.0) 79.0 (8.0-673.0) 0.400?
BM blasts (%), median 0.8 (0-8.0) 1.4 (0.2-5.8) 1.8(0-10.8) 1.6 (0-10.8) 1.8(0.4-9) 0.149°
(range)
TD
RBC, n (%) 33(67.3) 21 (60.0) 94 (31.1) 148 (48.4) 33(57.9) <0.001°
PC, n (%) 13(26.5) 3(8.5) 44 (14.6) 60 (15.5) 20(37.7) <0.001°
Received HSCT, n (%) 5 (10) 0 7 (2.0) 12(2.8) 3(5.7)
Risk of MDS at treatment
Lower-risk 50 (100) 39 (100) NA NA 41(77.4)
Higher-risk 0 0 NA NA 12 (22.6)

Abbreviations: ANC, absolute neutrophil count; AZA, azacitidine; BM, bone marrow; BSC, best supportive care; ECOG, Eastern Cooperative
Oncology Group; ESA, erythropoiesis-stimulating agent; FAB, French-American-British; Hb, hemoglobin; HSCT, hematopoietic stem cell
transplantation; IPSS, international prognostic scoring system; IPSS-R, revised international prognostic scoring system; IST, immunosuppressive
therapy; NA, not applied; PC, platelet cells; Plt, platelets; PS, performance status; RA, refractory anemia; RAEB, refractory anemia with excess of
blasts; RAEB-T, RAEB in transformation; RARS, refractory anemia with ringed sideroblasts; RBC, red blood cells; TD, transfusion dependency; t-MDS,
therapy-related myelodysplastic syndromes.

@ Calculated using the Mann-Whitney test.

b Calculated using Fisher's exact test.
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TABLE 2 Bestresponse to azacitidine

AZA group (n = 53)

Median duration

Outcome N (%) (mo, range)
Hematologic response
Complete remission 6(11.3) 8.5(2.0-21.9)
Marrow CR 1(1.9) 4
Stable disease 34 (64.2) -
Failure 11 (20.7) -
Disease progression 1(1.9) -
Hematologic improvement
Any 18/53 (34.0) =
Erythrocyte 15/51 (29.4) 8.0(2.0-21.9)
Platelet 8/40 (20.0) 5.0 (2.0-13.0)
Granulocyte 4/26 (15.4) 5.0(2.0-21.9)
Transfusion independency
Red blood cell 9/33(27.3) 6.0(2.0-13.0)
Platelet 4/20(20.0) 4.5(2.0-13.0)

of > 2 units of red blood cells (TD-RBC) or > 10 units of platelet
cells (TD-PC) within 4 weeks.* Median durations of follow-up for
patients in the AZA group and others were 19.8 months (range,
1.1-80.8 months) and 23.4 months (range, 0-128.2 months), respec-
tively. This study was performed in accordance with the ethical
standards of the World Medical Association Declaration of Helsinki
and was approved by the internal review boards of each participat-

ing institution.

2.2 | Treatment

AZA was administered at 75 mg/m?/day subcutaneously or intrave-
nously for 5-7 days of a 28-day cycle. In some patients, AZA doses
were modified according to the conditions of the patient and at the
discretion of the attending physicians. Some patients received im-
munosuppressive drugs such as cyclosporine and/or anti-human thy-
mocyte immunoglobulin as IST, and some received darbepoetin, as an
ESA. Remaining patients received best supportive care (BSC) other
than AZA, IST or ESA.

2.3 | Response criteria

Best treatment response was evaluated according to International
Working Group 2006 criteria.>* Overall response (OR) was defined
as the combination of complete remission (CR), partial remission
(PR), marrow CR (mCR), or any hematological improvement (HI).
Tl was defined as a continuous transfusion-free period > 8 weeks.
Adverse events (AEs) were assessed in accordance with Common

Terminology Criteria for Adverse Events, version 4.0.

Cancer Science NI s

TABLE 3 Clinical factors affecting overall response rate
(multivariate logistic regression analysis)

Variable Odds ratio (95% Cl) P value
Model 1
Sex
Male 0.655(0.188-2.28) 0.597
Female 1
Age 1.023(0.962-1.088) 0.469
IPSS at diagnosis
Low 1.237 (0.296-5.174) 0.771
Intermediate-1 1
Transfusion dependence
Yes 1.015 (0.264-3.910) 0.983
No 1
Model 2
Sex
Male 0.586(0.162-2.12) 0.415
Female 1
Age 1.027 (0.967-1.091) 0.389
IPSS risk at AZA administration
Higher 3.937(0.737-21.047) 0.387
Lower 1
Transfusion dependence
Yes 0.832(0.219-3.169) 0.788
No 1

Abbreviations: AZA, azacitidine; IPSS, international prognostic scoring
system.

2.4 | Statistical analysis

Clinical covariates were compared using the Mann-Whitney U-
test for continuous variables and Fisher's exact test for categori-
cal variables. Multivariate analysis of the correlation between
patient characteristics and treatment response was performed
using logistic regression analysis. Overall survival (OS) was de-
fined from date of diagnosis to date of death or last follow-up.
Patients who received hematopoietic stem cell transplantation
(HSCT) were censored from the OS analysis at the day of trans-
plantation, and those were alive at last follow-up were also cen-
sored at the date of last follow-up. Hematologic response and
OS were compared among patients who received AZA, BSC, IST,
and ESA, and also compared between patients treated with and
without AZA. OS was estimated using Kaplan-Meier methods,?°
and log-rank tests were used to analyze statistical differences be-
tween curves. Multivariate analysis using the Cox proportional
hazards regression method was used to identify significant and
independent predictors of OS. Those variables showing signifi-
cant associations with OS from univariate analyses were included

in the multivariate model. Values of P < .05 were considered
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statistically significant. All statistical analyses were performed
using EZR?® and Statistical Analysis Software (SAS version 9.4 for
Windows; SAS Institute).

3 | RESULTS

3.1 | Patient characteristics

Among the 489 patients analyzed, 53 patients were treated with
AZA (AZA group), 50 patients with IST (IST group), and 39 patients
with ESA (ESA group) as an initial therapy, while 347 patients re-
ceived BSC (BSC group). We combined patients in the IST, ESA, and
BSC groups, and categorized them as the Non-AZA group for com-
parisons with patients in the AZA group.

Median ages at diagnosis were 71 years (range, 44-87 years) and
76 years (range, 19-94 years) in the AZA and non-AZA groups, respec-
tively, showing a significant difference (P =.020, Table 1), although ages
were similar between the AZA and IST groups (Table 1). We also ob-
served differences in onset of MDS (P = .042), karyotype risk by IPSS-R
(P =.035), ECOG PS (P = .004), and the percentages of both TD-RBC
and TD-PC patients (P < .001, respectively) between AZA and non-AZA
groups (Table 1). TD-RBC was seen in 33 patients (57.9%) and TD-PC in
20 patients (37.7%) in the AZA group. However, when TDs of each treat-
ment group were compared separately, significant differences in both
TD-RBC and TD-PC were seen between AZA and BSC groups, but not
between AZA and IST or ESA groups (data not shown, Table 1), demon-
strating high TD rates for patients treated with IST, ESA, or AZA. Among
AZA and non-AZA groups, no significant differences were seen in other

basic clinical parameters (Table 1, and Table S1).
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Median time from diagnosis to AZA administration was
105 days (range, 3-1853 days). Reasons for AZA administration in
the AZA group (multiple answers) were TD (n = 35, 66.0%), blast
increase (n = 18, 34.0%), refractory cytopenias (n = 6, 11.3%) and
the presence of poor risk karyotype (n = 5, 9.4%). When AZA was
started, 12 of 53 patients (22.6%) progressed to the HR state of
MDS, and 41 of 53 patients (77.4%) remained in a LR-MDS status
(Table 1). Median number of AZA treatment cycles was 6 (range,
1-28). Three patients (5.7%) received allogeneic HSCT (allo-HSCT)
after AZA treatment.

3.2 | Response to AZA

In the AZA group, the OR rate was 35.8%, including 11.3%, 1.9%, and
34.0% of patients achieving CR, marrow CR, and any HI, respectively
(multiple count, Table 2). Stable disease was seen in 64.2% of patients.
In terms of hematological improvement, the percentage erythroid
response (29.4%) was higher than that for other lineages (20.0% for
platelets, and 15.4% for granulocytes; Table 2). Median duration of CR
was 8.5 months (range, 2.0-21.9 months), and durations for hemato-
logical improvements were 5.0 months for platelets and granulocytes,
and 8.0 months for erythrocytes (Table 2). Tl of RBC and PC was seen
in 27.3% and 20.0% of patients, respectively (Table 2), with median
durations of 6.0 (range, 2.0-13.0 months) and 4.5 months (range, 2.0-
13.0 months), respectively.

Multivariate logistic testing showed no significant differences in
hematologic response or improvement by sex, age, IPSS at diagno-
sis, and TD (Model 1, Table 3). As mentioned above, when AZA was
started, 22.6% (12 of 53 patients) were in higher-risk status in the AZA
group, but risk status at the time of AZA administration did not show
a significant correlation with response by multivariate analysis (Model
2, Table 3).

20 40 60 80 100 120 140

Months
117 60 34 7 7 3
142 89 55 33 14 5

3.3 | Overall survival

Median OS for patients in the IST, ESA, BSC, and AZA groups (not
reached, 91 months, 58 months, and 29 months, respectively) differed
significantly (P < .001, Figure 1), with expected 3-year OS rates at 71.5%,
77.8%, 61.1%, and 36.3% for IST, ESA, BSC, and AZA group, respectively.
Among factors listed in Table 1, age, sex, IPSS at diagnosis, TD, and treat-
ment group were significantly associated with OS in univariate analysis.
Of note, progression to HR-MDS at the time of AZA treatment did not
have any impact on OS by univariate analysis in the AZA group (Figure S1,
P =.579). OS curves by IPSS category at diagnosis are shown in Figure 2
(3-year OS, 77.8% for low, and 46.8% for int-1 at diagnosis, respectively;
P < .001), and those by TD are shown in Figure 3 (3-year OS, 77.5% for
without TD, and 44.4% for TD, P < .001). Using these significant pretreat-
ment factors by univariate analysis, we performed multivariate analysis
to search for an independently significant factor. As shown in Model 1
(Table 4), age, sex, IPSS at diagnosis, TD, and treatment group of IST and
ESA were independently significant for OS, but AZA treatment was not,
demonstrating that the AZA group did not show better survival than the
BSC group even significant factors were adjusted. Because AZA treat-
ment improved the hematological situation for some patients (Table 2),
response to AZA was added as a factor for multivariate analysis of OS.
Response to AZA was categorized as response (OR including CR, mar-
row CR, PR, and any Hl), stable disease, or no response (failure or disease
progression). In multivariate analysis including response to AZA (Model 2,
Table 4), no response was an independent prognostic factor (hazard ratio,
2.99;95% confidence interval (Cl), 1.64-5.45, P < .001), with age, sex, IPSS
at diagnosis, and TD, but response (CR, mCR, HI) or stable disease was
unrelated to better OS compared with the non-AZA group. As a whole, 15
of 489 patients received allo-HSCT (3 in AZA, and 12 in non-AZA group,
respectively), and 10 of these patients were alive as of last analysis. As
mentioned in PATIENTS AND METHODS section, those who received

allo-HSCT were censored for OS analysis at the day of transplantation.
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TABLE 4 Multivariate analysis of prognostic factors for overall
survival

Hazard
Variable ratio 95% Cl P value
Model 1: pretreatment
factors
Age at diagnosis (per 1.05 1.03-1.07 <0.001
year)
Sex
Male 1.6 1.18-2.14 0.002
Female 1 = =
IPSS at diagnosis
Low 0.51 0.36-0.72 <0.001
Int-1 1 - -
Transfusion dependence
Yes 2.4 1.72-3.35 <0.001
No 1 = =
Treatment
AZA 1.44 0.96-2.16 0.08
IST 0.38 0.20-0.73 0.004
ESA 0.5 0.28-0.89 0.019
BSC 1 - -
Model 2: including
response to AZA
Age 1.05 1.04-1.07 <0.001
Sex 1.65 1.23-2.23 0.001
IPSS at diagnosis 0.53 0.38-0.75 <0.001
Transfusion 2.08 1.50-2.88 <0.001
dependence
Response to AZA
Response (CR, mCR, 1.37 0.71-2.63 0.352
HI)
Stable disease 1.56 0.85-2.86 0.148
No response 2.99 1.64-5.45 <0.001
Non-AZA group 1 — —

AZA, azacitidine; BSC, best supportive care; Cl, confidence interval;
CR, complete remission; ESA, erythropoiesis-stimulating agent; HlI,
hematologic improvement; Int-1, intermediate-1; IPSS, international
prognostic scoring system; IST, immunosuppressive therapy; mCR,
marrow CR.

3.4 | Safety

With regard to hematological AEs for the AZA group, neutropenia
occurred in 81.1%, thrombocytopenia in 83.0%, and anemia in 67.9%
(Table 5). Non-hematological AEs of grade 3 to 4 included febrile
neutropenia in 13.2% and infection in 9.4%. During the study pe-
riod, 204 death events occurred, 15, 11, and 144 in the IST, ESA,
and BSC groups, respectively, and 34 in the AZA group (Table 6 and
Figure 4). Infection was the most frequent cause of death (35.3%,
12 of 34 cases) in the AZA group, similar with that in the non-AZA

TABLE 5 Adverse Events of patients in AZA group (CTCAE v4.0)

AZA group (n = 53)

Grade 3/4, All Grade,
Adverse event n (%) n (%)
Hematological
Neutropenia 41 (77.0) 43(81.1)
Thrombocytopenia 35 (66.0) 44 (83.0)
Anemia 33(62.3) 36 (67.9)
Non-hematological
Febrile neutropenia 7 (13.2) 7(13.2)
Infection 5(9.4) 5(9.4)
Constipation 1(1.9) 35 (66.0)
Anorexia 0 16 (30.2)
Renal dysfunction 0 16 (30.2)
Reaction of injection site 0 8(15.1)
Fever 0 5(9.4)
Fatigue 0 6(11.3)
Diarrhea 0 5(9.4)
Oral mucositis 0 1(1.9)
Peripheral neuropathy 0 2(3.8)
Bilirubin increased 0 1(1.9)

Abbreviations: CTCAE, Common Terminology Criteria for Adverse
Events.

group (30.6%), followed by AML transformation, and hemorrhage.
Percentages of AML transformation and hemorrhage were higher in
the AZA group (26.5% and 20.6%, respectively) than in the non-AZA
group (8.8% and 7.6%, respectively).

4 | DISCUSSION

The aim of this retrospective cohort study was to evaluate the long-
term survival benefit of AZA for patients with LR-MDS. We could
not demonstrate that AZA had any significant impact on survival for
LR-MDS, even though some hematological responses (including TI)
were obtained. This study tried to capture the “real-world” situation
of AZA use for LR-MDS in Nagasaki, Japan. LR-MDS patients with
minor or no symptoms could be diagnosed and followed in clinics
other than the participating 10 institutions for this study. However,
considering that these 10 institutions care for most patients with
hematological neoplasms in Nagasaki Prefecture,?” we believe that
this study closely reflected the current status of treatment for LR-
MDS. We found that 53 of 489 patients (10.8%) with LR-MDS were
treated with AZA as an initial therapy in the Nagasaki area, and 41
(6.3%) received the first AZA treatment while in LR status (Table 1).
Transfusion dependence and increase of blasts were major reasons
for AZA administration, which seemed to be related to selection bias
for AZA group.

In the AZAO0O1 trial,® the disease-modifying effects of AZA

on MDS was shown, significantly prolonging survival of HR-MDS
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TABLE 6 Causes of death

Cause

AML, n (%)
MDS, n (%)
Infection, n (%)

Hemorrhage,
n (%)

Heart failure,
n (%)

Solid tumor,
n (%)

Others, n (%)

Unknown, n (%)

Cancer Science NuIia e

Non-AZA group, n (%) AZA group, n (%)

ESA BSC Total
IST(h=15) (n=11) (n=144) (n=170) (n=34)
2(13.3) 0 13(9.0) 15(8.8) 9 (26.5)
0 3(27.3) 7(4.9) 10(5.9) 2(5.9)
4(26.7) 2(18.2) 46 (31.9) 52(30.6) 12(35.3)
2(13.3) 2(18.2) 9(6.3) 13(7.6) 7 (20.6)
2(13.3) 1(9.1) 14 (9.7) 17(10.0) ©
1(6.7) 0 18 (10.4) 19 (11.2) 1(2.9)
2(13.3) 2(18.2) 21(14.6) 25(14.7) 1(2.9)
2(13.3) 1(9.1) 16 (11.1) 19 (11.2) 2(5.9)

Abbreviations: AML, acute myeloid leukemia; AZA, azacitidine; BSC, best supportive care; ESA,
-stimulating agent; IST, immunosuppressive therapy; MDS, myelodysplastic syndromes.

FIGURE 4 Cause of death in non-AZA
(A) and AZA (B) groups. Infection was the
most frequent cause of death (35.3%) in
the AZA group, similar with that in the
non-AZA group (30.6%). Percentages of
AML transformation and hemorrhage
were higher in the AZA group (26.5% and
20.6%, respectively) than in the non-AZA
group (8.8% and 7.6%, respectively)

Heart failure
10 T

Hemorrhage
7.6

patients compared with conventional care regimens. Although a cur-
rent major goal of LR-MDS treatment is the improvement of cytope-
nia and quality of life, survival is also an important endpoint. In this
regard, AZA could be an option for LR-MDS, based on the results
from the AZA0OO1 study and several retrospective and prospective
studies of AZA for LR-MDS.

In some prospective trials, administration of AZA for 3-7 days pro-
vided OR rates of 16-49%,%>%? similar to the present results (35.8%).
However, numbers of patients were not large (20-51 patients, Table 7),
and observation periods were relatively short, demonstrating 1-year
survival rate in some studies. Retrospective studies (Table 7) had lon-
ger observation periods for OS than prospective trials, but one showed
70.8% survival at 30 months, and another showed 36.3% at 4 years.
Unfortunately, those studies did not examine the impact of AZA on

survival. A retrospective study by Baek et al*

took a similar approach
to our study, using case-matched analysis to balance risk factors be-
tween treatment with hypomethylating agents (AZA and decitabine
(HMA)) and non-treated groups. They described responders to HMA
as showing similar OS to those receiving best supportive care, whereas

non-responders to HMA showed significantly worse prognosis than

(A) Non-AZA group (B) AZA group
Others Unknown
MDS 29 5.
Solid tumor \

&V,

9

Infection
30.6

"

other patients, showing no clear survival benefit from HMA for LR-
MDS patients. One of the unknown, but interesting issues in that re-
port were the reasons for HMA treatment, when known risk factors
were comparable in their case-matched analysis cohort, while TD and
blast increase were the major reasons in our study. Some differences
were seen between Baek's and our studies, such as median time from
diagnosis to HMA treatment (45 days in Baek's study, and 105 days in
our study), and patient distributions in the IPSS-R high and very high
categories (36 of 162 case-matched patients (22.2%) in Beak's study,
40 of 489 patients (8.2%) in ours, Table S1). Patient backgrounds may
have differed between the two studies, probably due to a large degree
of variability in MDS, although both analyzed LR-MDS. In any case, nei-
ther study identified any survival benefit of AZA/HMA for this group
of patients.

TD has a negative impact on survival for MDS patients,?® and
showed the largest impact in the multivariate analysis in our study,
independent of IPSS and treatment (Table 4). In the subgroup anal-
ysis, the survival curve for TD patients treated with AZA was above
that of TD patients in BSC group up to 75 months from diagno-

sis (data not shown). This suggests that some patients might have
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TABLE 7 Reported clinical effects of AZA for lower-risk MDS

Treatment AZA
schedule

Patients

Reference Study design (n)
Musto et al (2010)

Falantes et al (2015)

7d: 58%, 5d: 39%
retrospective 27 7d: 56%, 5d: 37%
61 non-AZA

retrospective 74

Lee et al (2017)
Baek et al (2018)

7d or 5d
AZA7d, DEC5d

retrospective 586

retrospective 243

110 BSC
Tobiasson et al (2014) prospective 30 5d + ESA
Jabbour et al (2017) prospective 40 3d
Fili et al (2013) prospective 32 5d
Morita et al (2018) prospective 51 5d
Sanchez-Garcia prospective 20 5d

et al (2018)
20 BSC

Response rate Median survival oS

ORR:45.9% not reached 1-yr: 74.9%, 30mo: 70.8%
ORR: 40.7% 23 mo 1-yr: 62.4%, 2-yr: 45.1%
10 mo 1-yr: 74.9%, 2-yr:
5.7%
ORR: 50.7% 27.3 mo 4-yr: 36.3%
ORR: 42.8% NE 3-yr: (responder) 4.4%
NE (non-responder)46.3%
NE 3-yr: 69.1%

ORR: 16%; Tl: 20% not reached

ORR: 49%; Tl: 16%  not reached 1-yr: 83%
ORR: 47%; TI: 33% NE NE

TI: 39% NE NE

TI: 33% not reached 1-yr: 87.5%
TI: 5.5% not reached 1-yr: 87.5%

Abbreviations: AZA, azacitidine; BSC, best supportive care; d, days; DEC, decitabine; mo, months; NE, not evaluated; ORR, overall response rate; OS,

overall survival; Tl, transfusion independence; yr, years.

benefited from AZA among TD patients. However, because mul-
tivariate analysis including TD and AZA groups as factors did not
show any clear benefit of AZA, caution should be paid regarding
this interpretation.

In general, mostly because of the relatively long-term survival
of LR-MDS patients, a prospective clinical trial to measure the sur-
vival benefit of treatment for this group is not easy to perform. In
this regard, observational studies have a role to play in evaluating the
efficacy of treatment on survival for LR-MDS. Our study also aimed
to analyze OS, but our results could not avoid the influence of con-
founding factors related to the retrospective design of this study. As
shown in Table 6, AML transformation was a frequent cause of death
in the AZA group (26.5%) with large difference compared with that in
the non-AZA group (8.8%). Considering that AZA group contained pa-
tients treated after progression to higher-risk status (22.6%, Table 1),
selection bias existed for patients in this group. There would be se-
lection bias in other groups, because of the retrospective style of this
study as mentioned above. Interestingly, however, survival of patients
in AZA group did not differ by the risk status at the time of AZA ad-
ministration (Figure S1), suggesting that frequent AML transformation
was not directly reflected to shorter survival among these patients.
In terms of AEs from AZA, we observed grade 3 or 4 neutropenia in
77.0% of patients, and grade 3 or 4 infection-related events occurred
in more than 20%, which were potentially dangerous for patients.
Infection was the most frequent cause of death in both AZA and non-
AZA groups, and the frequency of hemorrhage was higher in the AZA
group. This might also relate to AEs for AZA.

In our retrospective study, we could not identify any group of
LR-MDS patients displaying a survival benefit from AZA, and we

thus cannot recommend general use of AZA for LR-MDS, given the

certain frequency of serious AEs without any clear survival benefit.
Our findings suggested that AZA treatment aiming survival benefit
for LR-MDS could be considered as a clinical trial even for those with
TD. Considering confounding and bias of retrospective studies, pro-
spective evaluation is warranted for the role of AZA among LR-MDS

patients.
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