
Differential response to hypomethylating agents based on sex: a 
report on behalf of the MDS Clinical Research Consortium (MDS 
CRC)*

Amy E. DeZerna, Amer M. Zeidanb, John Barnardc, Wesley Handa, Najla Al Alid, Francis 
Browne, Cassie Zimmermanc, Gail J. Robozf, Guillermo Garcia-Manerog, David P. 
Steensmae, Rami S. Komrokjid, and Mikkael A. Sekeresc on behalf of the Evans MDS 
Clinical Research Consortium
aDepartment of Oncology, Sidney Kimmel Cancer Center, Baltimore, MD, USA

bYale Cancer Center, Yale University, New Haven, CT, USA

cLeukemia Program, Cleveland Clinic Taussig Cancer Institute, Cleveland, OH, USA

dHematologic Malignancies, H. Lee Moffitt Cancer Center, Tampa, FL, USA

eAdult Leukemia Program, Department of Medical Oncology, Dana-Farber Cancer Institute, 
Boston, MA, USA

fWeill Medical College of Cornell University, Leukemia Program, New York, NY, USA

gMD Anderson Comprehensive Cancer Center, Houston, TX, USA

Abstract

First-line therapy for higher-risk myelodysplastic syndromes (MDS) includes decitabine (DAC) or 

azacitidine (AZA). Variables have not identified differential response rates between these. We 

assessed the influence of patient sex on outcomes including overall survival (OS) in 642 patients 

with higher-risk MDS treated with AZA or DAC. DAC-treated patients (35% of females, 31% of 

males) had marginally better OS than AZA-treated patients (p = .043), (median OS of 18.7 months 

versus 16.4 months), but the difference varied strongly by sex. Female patients treated with DAC 

had a longer median OS (21.1 months, 95% CI: 16.0–28.0) than female patients treated with AZA 

(13.2 months, 95% CI: 11.0–15.9; p = .0014), while for males there was no significant difference 

between HMAs (median OS 18.3 months with DAC versus 17.9 months for AZA, p = .59). The 

biological reason for this variability is unclear, but may be a consequence of differences in cytidine 

deaminase activity between men and women.

*Preliminary results were presented in abstract form at the 2015 American Society of Hematology (ASH) Annual Meeting in Orlando, 
Florida.
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Introduction

The myelodysplastic syndromes (MDS) are a heterogeneous collection of clonal 

hematopoietic malignancies that compromise a large subgroup of the myeloid neoplasms 

and collectively are the most common acquired adult bone marrow failure syndromes.[1] 

They are characterized by poor overall survival (OS) due to ineffective hematopoiesis, 

progressive cytopenias often requiring blood cell transfusions and putting patients at risk for 

complications such as infections, and variable risk of progression to acute myeloid leukemia 

(AML). The incidence rate of MDS is ~5 per 100,000, sufficient to rank MDS as the most 

commonly diagnosed myeloid neoplasm in USA and Europe.[2] Common risk factors for 

developing MDS include advanced age, male sex, and antecedent exposure to chemotherapy 

or radiation as treatment for other cancers.[3] Males, in addition to having a higher incidence 

of MDS, also have worse outcomes than females, for unclear reasons.[4] Analyzes looking 

at the differences between the sexes for treatment outcomes are useful to add clarity to this 

issue.

The most commonly used disease-modifying agents in higher-risk MDS are azacitidine 

(AZA) and decitabine (DAC). Each has been shown to decrease transfusion burden, improve 

quality of life, and delay progression to AML, and AZA has been additionally shown to 

extend survival.[5] AZA and DAC are 5-methylated cytidine analog drugs that exert their 

therapeutic effect though depletion of DNA methyltransferase-1 (DNMT1) after 

incorporation into DNA and subsequent alteration of methylation patterns across the 

genome, and are therefore commonly called “hypomethylating agents”.[6] Although similar 

in structure to DAC, AZA contains ribose (rather than deoxribose) and is incorporated 

primarily into RNA and to a much lesser extent into DNA. This difference may account for 

the ~10-fold higher potency of drug intensity of DAC compared with AZA.[7] It has been 

previously demonstrated in mice and in humans that increased levels of cytidine deaminase 

(CDA) rapidly inactivate these cytidine analog drugs, leading to decreased drug half-life, 

particularly. Increased CDA expression/activity in males contributes to decreased cytidine 

analog half-lives and may contribute to worse outcomes with AZA or DAC therapy in men 

compared to women.[8]

A risk-adapted treatment strategy is used in MDS to help determine the most appropriate 

therapies and treatment goals based on individual patient characteristics. Currently, the most 

commonly used MDS risk stratification tools include the International Prognostic Scoring 

System ± Revised (IPSS or the IPSS-R [9,10]) and the World Health Organization (WHO) 

2008 disease classification,[1] which incorporate cytopenias, blast percentage, cytogenetic 

risk groups and age. While these systems are useful for guiding choice of therapy, they do 

not predict response to HMA therapy, and none incorporates sex as a prognostic variable. In 

this study, we looked at the impact of a patient’s sex on outcome after treatment with AZA 

or DAC in a cohort of patients evaluated at institutions of the MDS Clinical Research 
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Consortium (CRC). The goal of this analysis was to ascertain if there is an outcome 

difference by HMA therapy between males and females.

Materials and methods

Patient cohorts

All patients included in this series were diagnosed with MDS or CMML per the 2008 WHO 

criteria and were evaluated at MDS CRC participating institutions (Johns Hopkins, 

Cleveland Clinic, H. Lee Moffitt Cancer Center, MD Anderson Cancer Center, Dana-Farber 

Cancer Institute, and Weill-Cornell Medical College). Clinical data were collected from 

patients who had consented to medical record review under an Institutional Review Board 

(IRB) approved protocol at each institution in accordance with the Declaration of Helsinki. 

Patients were treated with AZA at 75 mg/m2 daily intravenously or subcutaneously for 5–7 

days of a 28-day cycle, or with DAC at 20 mg/m2 intravenously for 5 days of a 28-day cycle. 

Patients were excluded if they received both drugs in succession. Blood product replacement 

and other supportive care measures were per individual institution practices. All patients had 

higher-risk MDS by IPSS (intermediate-2 or high risk) or IPSS-R (intermediate, high, or 

very high risk) calculated at the time of diagnosis and the majority (97.4%) were treated 

with AZA or DAC as first-line therapy.

Statistical analysis

Missing data were multiply imputed 100 times using the mice approach with random forest 

imputation per variable. Baseline characteristics and demographics are reported 

descriptively. Differences among variables were evaluated by the chi-square test and Mann–

Whitney U-test for categorical and continuous variables, respectively, with continuous 

variables summarized by median and range. Responses to therapy were defined as per the 

International Working Group 2006 (IWG-2006) criteria.[11] According to the best achieved 

response, patients were categorized into responders (CR, partial response, hematologic 

improvement and marrow CR) and non-responders [stable disease and progressive disease 

(PD)]. Overall response rate (ORR) was defined as the sum of patients who were CR, partial 

response and hematologic improvement. OS was calculated from the time of start of HMA 

therapy to the time of death or last known follow-up. Propensity scores were calculated for 

DAC versus AZA using all variables available pretreatment. Propensity for being assigned to 

take AZA was estimated using a generalized boosting tree method as implemented in the R 

package twang. Twenty-seven pretreatment variables were considered in the propensity 

fitting. Propensity scores were estimated using the overall cohort and separately within 

males and females. All survival regression analyzes (Kaplan–Meier and Cox proportional 

hazards modeling) were stratified on clinical site and weighted using average treatment 

effect (ATE) weights from the respective propensity score models. Median OS estimates 

were also calculated using ATE propensity weights. Log-rank tests were used to compare 

survival curves and Wald tests were used assess significance of coefficients from Cox 

models. Survival time from start of HMA therapy was the primary outcome. All analyzes, 

including propensity estimation, were done within each of the 100 imputations, then 

combined using the standard multiple imputation combining rules to get final estimates. 

Fraction of missing information (FMI), which gives a measure of the amount of information 
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for a parameter of interest lost due to the presence of missing data, was calculated for the 

beta coefficients in the Cox models and for median OS.

Results

Baseline characteristics

A total of 642 higher-risk MDS patients treated with AZA or DAC were included in the 

analysis. Baseline characteristics by gender and treatment group are shown in Table 1 with 

corresponding p values. Approximately one-third (33.7%) of the total cohort was female. Of 

female patients, 35% received DAC as front line HMA compared to 31% of male patients. 

The median age of female patients was 67.7 years (range 35–84) in the DAC-treated group 

and 68.9 years (36–91) in the AZA-treated group (p = .20). Cytopenias were comparable 

across both sexes and treatment cohorts. The groups were matched by IPSS and IPSS-R. By 

IPSS-R, 47.3% of the DAC-treated females and 43.1% of the AZA-treated females had very 

poor risk disease. In the female cohort, 46.5% of patients treated with DAC and 47.4% 

treated with AZA progressed to AML. In the male cohort, 44.8% of patients treated with 

DAC and 43.1% treated with AZA progressed to AML.

Focusing on differences in variables between sexes for each treatment, bone marrow blast 

percentage at diagnosis was higher in the female DAC-treated group 12.3% (0.09–30.5%) 

compared to 10% (0–84%) in the AZA group (p ≤ .001), while there were more patients 

with RAEB-2 in the male DAC group compared to the AZA group (65.4 versus 48.55%, p 
= .05).

Responses to AZA and DAC: patient outcomes

Clinical site and transfusion dependency at start of HMA therapy remained imbalanced 

between the AZA and DAC groups both overall and within sex subsets after propensity 

weighting and were included in the Cox regression modeling. All other pretreatment 

variables showed good balance between the AZA and DAC groups after propensity 

weighting. DAC-treated females were on treatment longer than AZA-treated females. The 

time on therapy for females was 6 months (0.13–30.1) for DAC treatment and 4.2 months 

(range 0.14–41.3) for AZA treatment. In the male cohort, it was 4.7 (0.10–38.8) months on 

DAC and 5.4 months (range 0.03–55) on AZA.

The ORR for the entire cohort to any hypomethylating therapy when best objective response 

was evaluated was 42.1% (CR, 21.0%; partial response, 9.8%; hematologic improvement, 

11.3%), whereas in 57.9% no objective response was achieved (stable disease, 38.4%; PD, 

19.5%). The ORR for AZA-treated females was 40% compared to 53.3% for DAC-treated 

females (p <.001) and the ORR for AZA-treated males was 38.4% compared to 47.4% for 

DAC-treated males (p <.001).

The median OS from the start of HMA therapy for the cohort was 15.1 months (95% CI: 

13.8–16.4, FMI = 0.06); 15.9 months for males (95% CI: 14.5–17.4, FMI = 0.03) and 13.0 

months for females (95% CI: 10.9–15.5, FMI = 0.05). DAC-treated patients had marginally 

better OS than AZA patients (p = .140), with a median OS of 16.8 months (95% CI: 13.9–

20.3, FMI= 0.03) compared to 14.4 months (95% CI: 13.2–15.6, FMI = 0.11), respectively. 
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Female patients treated with DAC had significantly better OS than female patients treated 

with AZA (p = .0031), with a median OS of 18.9 months (95% CI: 13.8–26.1, FMI = 0.08) 

versus 11.4 months (95% CI: 9.6–13.7, FMI = 0.05), respectively. Males patients treated 

with AZA and DAC had similar OS (p = .78), with a median OS of 16.3 months (95% CI: 

12.7–20.9, FMI = .01) compared to 15.6 months (95% CI: 14.0–17.3, FMI = .04), 

respectively (Figure 1). Table 2 shows the hazard ratio (HR) estimates of DAC versus AZA 

from Cox proportional hazard models, which were propensity-weighted and stratified by 

site. Females treated with DAC continued to have improved OS compared to females treated 

with AZA in a Cox proportional hazard analysis (Table 2, HR = 0.57, p = .051) after 

adjusting for transfusion dependence at the start of HMA therapy, which along with site 

were the only pretreatment covariates that showed significant imbalance across treatment 

groups after propensity correction.

Discussion

Current therapies for MDS are inadequate and research into new treatments is needed. 

Knowledge about the molecular biology of MDS has far outstripped the availability of novel 

therapies directed at identified candidate clonal driver mutations. For example, while it has 

been determined that patients with TET2 mutations may be more responsive to HMAs than 

patients whose marrow cells are TET2 wild-type, ultimately almost all patients with higher-

risk disease will be treated with these drugs, since HMAs have been shown to delay disease 

progression and improve survival and there are few effective alternatives.[12–14]

DAC and AZA have never been compared head-to-head in a published prospective trial in 

higher-risk MDS, and as both drugs are at the end of their patent life, it seems unlikely that 

such a trial will ever be conducted. Clinicians currently choose between AZA and DAC 

based on comparison of data across studies with varying design, or based on factors 

unrelated to effectiveness such as treatment scheduling or economic considerations. 

Identifying a reliable variable that can be used at MDS diagnosis to choose between the two 

available HMAs could be clinically useful.

We used a large dataset of patients assembled from six centers to determine whether 

differences existed in response and outcome, between sexes, treated with AZA or DAC. No 

differences were observed in median OS across sex, and DAC-treated patients had 

marginally better OS than AZA patients. Female DAC-treated patients had much better OS 

than female AZA-treated patients, but for males there was no difference in outcome based 

on HMA choice. The improvement in survival of female DAC-treated patients remained 

significant in a Cox PH analysis after adjusting for other variables including cytogenetic 

category and bone marrow blast percentage at diagnosis. It should be noted, however, that 

AZA-treated female patient cohort had a significant percentage of patients with poor 

cytogenetics, transfusion dependence, and very high risk IPSS-R scores; these negative 

prognostic markers were more prevalent than in the DAC-treated female cohort. When 

transfusion dependence was included in the multivariate analysis, the negative effect of AZA 

in female patients was not found. Additionally the females treated with DAC were on 

therapy longer than those on AZA. It is unclear in this restrospective analysis if this is the 
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cause or consequence of the outcome difference for HMA therapy in females as all patients’ 

outcomes were not examined at the same time from start of therapy.

These sex differences in survival have a potential biologic rationale. Higher CDA expression 

within malignant myeloid cells from males has been hypothesized to contribute to worse 

outcomes, as upregulation of CDA expression in malignant cells can lower intracellular 

cytidine analog levels and has been implicated as a mechanism of resistance to HMAs 

[8,15–17]. It is possible that CDA inactivates AZA more rapidly than DAC in females and 

thus shows a more pronounced effect in women compared to men. It is theoretically possible 

that adjusting drug doses based on sex could overcome these differences, though it is 

unknown whether this would be clinically feasible with the expected increase in attendant 

side effects with higher drug doses. This would likely be only one facet of personalizing 

therapy though, given that DAC is more dose-intense. Other possible mechanisms for a sex 

difference in HMA effectiveness include altered drug metabolism or dosage of genes 

encoded on the region of the pseudo-autosomal region of the X chromosome, some of which 

contribute to DNA methylation or chromatin conformation.

Sex differences in OS have been observed in other MDS patient cohorts: In 856 mostly 

untreated patients with MDS (50% did not receive any therapy, 17% received therapy such 

as HMAs), significantly worse OS was observed in males, even those treated with HMAs.

[18] In another cohort of 897 untreated patients with MDS, significantly poorer OS was 

again observed in males.[19] Within HMA-treated cohorts, there has also been a noted 

difference in median survival times between the sexes with shorter median OS in males 

compared to females. In 99 DAC-treated patients with MDS, the median OS in males was 

399 days compared with 529 days in females (no p value reported).[20] In another study of 

177 DAC-treated patients with MDS, the OS in males compared with females was 14 versus 

17 months, though this difference was not statistically significant (p = .41).[21] Our study 

differs from these previously done in that it was multicenter and looked specifically in the 

multivariable analysis to determine sex differences between the two available HMAs. The 

sex differences in OS documented in untreated patients and in MDS incidence also suggest 

that there are likely additional unknown factors beyond higher CDA expression that 

contribute to poorer OS in males. Observing differential survival of men compared to 

women who receive the investigational HMA SGI-110 (guadecitabine) in ongoing trials in 

MDS and AML may give further insight into the likelihood of this mechanism, as SGI-110 

is designed to neutralize CDA.

This observed difference in outcome by sex could be explored prospectively, for example by 

using bio-markers of the intended pharmacodynamic effect (e.g. DNA methylation or 

DNMT1 levels), to guide adjustments to therapy. Pharmacodynamic biomarkers could 

simultaneously account for the effects of other pharmacogenetic factors, such as the CDA 

single nucleotide polymorphism A79C, which influences CDA activity,[8] especially in 

females. Measuring CDA enzyme activity has also been proposed as a guide to dose 

modification with other chemotherapy.[22] A complementary approach would be to dampen 

the influence of CDA altogether, by combination therapy with a CDA inhibitor such as 

CDAi tetrahydrouridine.[23,24] There is an active clinical trial investigation of a newer CDA 
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inhibitor being administered concomitantly with DAC to enhance its bioavailability, whose 

preliminary results appear promising.[25]

In conclusion, we observed that men treated with DAC or AZA may have inferior outcomes 

to women treated similarly and that women treated with DAC had better outcomes than 

women treated with AZA. Importantly, one of the potential mechanisms for worse outcomes 

should be amenable to rational modifications to treatment dose, schedule, or formulation in 

order to ultimately improve patient outcomes in the MDS community.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
OS by treatment with AZA or DAC by sex from time of disease diagnosis.
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