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Abstract

We hypothesized that tobacco usage is an independent prognostic factor in patients with 

myelodysplastic syndromes (MDS). To evaluate the impact of tobacco usage in this population, we 

identified patients diagnosed with MDS in our Center’s MDS database and reviewed individual 

charts retrospectively. Of the 767 MDS patients identified, 743 patients (97%) had a known 

tobacco usage history. Given that the majority of tobacco users were smokers, we stratified 

patients as having never smoked (never-smoker group) versus current or former smokers (ever-

smoker group). Greater than 60% of ever-smokers were risk stratified as having low or 

intermediate-1 (int-1) risk at diagnosis based on the International Prognostic Scoring System for 

MDS. In patients with lower-risk MDS, we found that ever-smokers had an increased proportion 

of poor-risk karyotypes (8.8%) compared with never-smokers (2.4%) (P = 0.003). The adverse 

effect of smoking was greatest in the low-risk and int-1-risk groups, where median overall survival 

was 69 months (95% CI 42–96) in never-smokers versus 48 months (95% CI 41–55) in ever-

smokers (P = 0.006). The median overall survival for never-smokers, former smokers, and current 

smokers was 69 months (95% CI 42–96), 50 months (95% CI 43–57), and 38 months (95% CI 23–

53), respectively, in patients risk stratified as lower-risk MDS (P = 0.01). Our findings suggest that 

tobacco usage negatively impacts overall survival in patients with lower-risk MDS.
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1. Introduction

Myelodysplastic syndromes (MDS) encompass a heterogeneous spectrum of hematopoietic 

malignancies characterized by morphologic dysplasia and bone marrow failure, with a 

(AML) transformation [1,2]. Treatment goals for MDS include improvement of quality of 

life, reversal of symptomatic cytopenias, and prevention and potential delay of AML 

transformation. Risk stratification by clinically predictive models is utilized to assist in 

determining therapeutic decisions. The most widely utilized model is the International 

Prognostic Scoring System (IPSS) [3]; more recently, several newer models have also been 

validated as prognostic tools [4–6]. However, in addition to a patient’s inherent disease 

status, assessment of an individual’s comorbidities and behavioral factors may have a 

significant impact on patient outcomes. Because MDS is a disease seen predominantly with 

advancing age, these factors may require further consideration in addition to disease-specific 

risk assessments [7].

Current or former tobacco usage has been both well recognized and established as being 

associated with an increased risk for developing several malignancies. Several epidemiologic 

studies suggest a link between history of smoking tobacco and risk of MDS [8–10]. Recent 

meta-analysis investigating cigarette smoking and the development of MDS suggests that 

there is an association between ever-smokers and increased risk of developing MDS [11]. 

However, there has been limited evaluation of tobacco usage with MDS-related outcomes; to 

our knowledge, only one other study has been published that addresses this issue. Data from 

the analysis conducted by Ma and colleagues suggest that cigarette smoking in patients with 

low-risk MDS is associated with increased mortality [12]. Thus, we were interested in 

further investigating the impact of tobacco usage on outcome among lower- and higher-risk 

MDS patients and conduct here a retrospective analysis addressing this question.

2. Methods

Patients were identified through the MDS database at the Moffitt Cancer Center (MCC). 

Individual charts were subsequently reviewed for variables associated with MDS diagnosis. 

The primary objective was to evaluate the role of prior or current tobacco usage at time of 

presentation to MCC as a prognostic factor for overall survival (OS) and to assess risk of 

progression to AML. Variables collected included demographics, karyotype, serum ferritin, 

red blood cell transfusion dependence, and treatment with azanucleosides. IPSS risk 

stratification and MD Anderson risk stratification were calculated as previously reported 

[3,4]. Briefly, the IPSS is calculating by determining a cumulative score based on values or 

ranges within each of the following parameters: percentage of marrow blasts (<5%, 5–10%, 

11–20%, 21–30%), karyotype (good, intermediate, poor), and number of peripheral 

cytopenias (0–1, or 2–3). The MD Anderson risk stratification is calculating similarly by 

determining a cumulative score based on values or ranges within each of the following 

factors: performance status (Zubrod performance status 0–1, ≥2), patient age (<60, 60–64, 

≥65), degree of peripheral thrombocytopenia (platelets (K/μl) <30, 30–49, 50–199, ≥200) 

degree of peripheral anemia (hemoglobin (G/DL) <12.0, ≥12.0), percentage of bone marrow 

blasts (<5, 5–10, 11–29), presence of leukocytosis (white blood count (K/μl) ≤20.0, >20.0), 
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karyotype (chromosome 7 abnormalities or >3 abnormalities, all other abnormalities), and 

history of prior transfusions of either red blood cells or platelets (yes or no).

Tobacco use status was obtained through the MCC registry database and subsequently used 

for this study. History of tobacco usage was obtained by cancer registry abstractors who 

locate information on smoking status from a variety of places within the medical record, 

including but not limited to (1) the patient’s self-reported smoking status obtained through 

patient questionnaire at time of consultation and (2) physician notes. These parameters were 

subsequently entered into the MCC registry database and coded into categories of tobacco 

usage. Because a majority of our patients used smoking tobacco (i.e., cigarettes), patients 

were grouped into the following categories: never-smoker, former-smoker, and current-

smoker. Never-smokers were defined as patients with self-reported history of never having 

any prior cigarette usage. Categorization as a former and current smoker was again based on 

patient self-reported history and included patients who had a history or currently smoked 

less than 1 pack-per-day to greater than 2 packs-per-day. Because the number of patients 

utilizing smokeless tobacco was limited, we included these patients with the patients who 

used smoking tobacco. Therefore, this group will be referred to as “smokers” in our analysis. 

Additionally, former- and current-tobacco users were categorized together as “ever-

smokers.”

Chi-square test and t-test were used to compare baseline characteristics between groups. 

Kaplan–Meier estimates were used to calculate OS from time of referral to MCC. Log-rank 

test was used for comparison of the Kaplan–Meier survival estimates between different 

groups. Cox proportional hazards regression was used for multivariable analysis. Statistical 

significance was defined as a P value <0.5 using two-tailed tests. All analyses were 

conducted using SPSS version 19.0 software.

3. Results

Between January 2001 and December 2009, 767 patients were identified in the MCC MDS 

database at the time of this analysis. Of these patients, tobacco usage history at presentation 

to MCC was known in 743 patients. These patients were subsequently stratified based on 

their tobacco usage status (current, former, or never), with 256 patients stratified in the 

never-smoker group and 487 stratified in the ever-smoker group (current and former 

smokers). Tobacco use included current cigarette smokers (n = 70), former tobacco users (n 
= 399), cigar/pipe users (n = 16), and snuff/chew users (n = 2). Table 1 summarizes the 

baseline characteristics. When we analyzed patients categorized by IPSS with low-risk and 

intermediate-1 (int-1)-risk MDS, we observed a significantly greater proportion of poor-risk 

karyotype in ever-smokers (8.8%) versus never-smokers (2.4%) (P = 0.003).

With a median follow-up duration from diagnosis of MDS of 55 months [95% confidence 

interval (CI) 50.5–59.6], we found that the median OS for never-smokers was 48 months 

(95% CI 37–59) compared to 35 months (95% CI 29–41) in ever-smokers (P = 0.01) (Fig. 

1). The adverse effect of smoking was noted to be greatest in patients with lower-risk MDS, 

defined as having low- or int-1-risk by IPSS. In these patients, the median OS was 69 

months (95% CI 42–96) in never-smokers compared to 48 months (95% CI 41–55) in ever-
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smokers (P = 0.006) (Fig. 2). The median OS was 69 months (95% CI 42–96), 50 months 

(95% CI 43–57), and 38 months (95% CI 23–53), respectively, in the never-smoker, former-

smoker, and current smoker groups in lower-risk MDS (P = 0.01) (Fig. 3). No difference in 

OS was observed in patients with higher-risk MDS (intermediate-2 or high risk based on 

IPSS) with a median OS of 22 months (95% CI 12–32) in never-smokers and 18 months 

(95% CI 14–22) in the ever-smoker group (P = 0.89).

We further explored the association of smoking and karyotype amongst patients with lower-

risk MDS. Cytogenetic features and risk stratification as defined by the IPSS differed 

significantly among never-smokers, former smokers, and current smokers (P = 0.12). The 

majority of lower-risk MDS patients had good risk cytogenetics as defined by the IPSS, with 

80% of never-smokers (n = 134), 75% of former smokers (n = 177), and 83% of current 

smokers (n = 48) stratified into this karyotype category. Intermediate risk karyotype was 

noted in 16% of never-smokers (n = 26), 16% of former smokers (n = 37), and 12% of 

current smokers (n = 7). Poor risk karyotypic features were noted in 2% of never-smokers (n 
= 4), 10% of former smokers (n = 23), and 5% of current smokers (n = 3). An adverse 

impact of smoking was observed in good- and intermediate-risk karyotype but not in poor-

risk karyotype. Among patients with good-risk karyotype, the median OS in never-smokers 

was 57 months (95% CI 42–73) compared to 45 in months in ever-smokers (95% CI 37–53) 

(P = 0.03). In the intermediate-risk karyotype group, the median OS was 51 months (95% CI 

29–73) for never-smokers compared to 20 months (95% CI 12–28 months) in ever-smokers 

(P = 0.09). Finally, for the poor-risk karyotype group, the median OS was 17 months (95% 

CI 7–27) compared to 18 months (95% CI 15–21) for never-smokers and ever-smokers, 

respectively (P = 0.5).

Regarding AML transformation, in patients with lower-risk MDS, the rate of AML 

transformation was 18.2% in ever-smokers versus 9.5% in never-smokers (P = 0.04). No 

differences in rate of AML transformation based on tobacco usage were observed in higher-

risk MDS patients. Finally, we aimed to stratify patients based on azanucleoside therapy; 

38% of never-smokers (n = 64), 50% of former smokers (n = 118), and 45% (n = 26) of 

current smokers received a hypomethylating agent (P = 0.7). Based on azanucleo-side 

therapy, we found that, in patients with lower-risk MDS, the impact of tobacco usage was 

seen predominantly in those patients who did not receive azanucleosides therapy. The 

median OS for patients who did not receive azanucleosides was 50 months (95% CI 44–56) 

for ever-smokers compared to 111 months (95% CI 57–165) for never-smokers (P = 0.002). 

In contrast, patients with lower-risk MDS who received azanucleosides had median OS 

results of 42 months (95% CI 33–51) for ever-smokers versus 51 months (95% CI 31–71) 

for never-smokers (P = 0.67). In multivariable Cox regression analysis in lower-risk MDS 

patients, tobacco usage predicted inferior OS [Hazard ratio 1.49 (95% CI 1.1–2.0)] (P = 

0.009) after adjustment for MD Anderson risk stratification. When further adjusting by MD 

Anderson risk stratification, age at diagnosis, and tobacco usage, both MD Anderson risk 

stratification (P = 0.000; Hazard ratio 1.62 (95% CI 1.4–1.9)) and tobacco usage (P = 0.006; 

Hazard ratio 1.49 (95% CI 1.1–2.0)) were predictive for inferior OS in multivariate analysis.
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4. Discussion

The employment of currently available prognostic models for those diagnosed with MDS 

has been validated to assist in the estimation of OS and progression of AML in MDS [3–

6,13]. Although each scoring system has some variability, these models prognosticate MDS 

based primarily on inherent intrinsic disease attributes, such as percentage of bone marrow 

blasts. Additional independent disease related factors have also been reported as independent 

prognostic variables, and with continued advancement in molecular testing, biologic 

prognostic factors will enhance our understanding of the disease [14–21]. Prior studies 

demonstrate that underlying co-morbidities and performance status are also well-established 

prognostic factors. Our aim was to evaluate patient- or “host”-specific features that may 

contribute to MDS-related outcomes, specifically, the influence of habitual and behavioral 

factors. Therefore, we aimed to determine the association between tobacco usage and 

disease outcomes.

To our knowledge, this is the largest study to address impact of tobacco usage on outcome in 

a cohort of MDS patients. Ma and colleagues, when investigating the impact of tobacco use 

among 616 patients, reported poor outcomes in patients who smoked, particularly in those 

with low-risk MDS by IPSS [12]. Our study confirms these findings in a larger cohort. We 

also demonstrate that not only is OS worse in lower-risk MDS patients who were ever-

smokers, but we were able to further segregate low-risk MDS patients into never-, former-, 

and current-smokers, each with distinct and statistically different OS rates. The higher 

frequency of poor-risk karyotypes and AML progression among tobacco users in lower-risk 

patients suggests that tobacco exposure may influence the disease-specific biological 

potential. The effect seen from tobacco usage was independent of the global MD Anderson 

Score, which has been reported to refine the prognostic value of the IPSS [6]. Tobacco usage 

was seen to have a predominant effect on OS in those patients who did not receive treatment 

with azanucleosides. Although these results are intriguing, the difference noted in this study 

may reflect the bias of the treating physician and the presence of higher-risk features in 

those who were treated with azanucleosides compared to those who were not. Whether 

behavior modifications including discontinuation of tobacco usage may improve outcomes is 

an intriguing concept. The variable OS rate between former smokers and current smokers 

suggests that decreased tobacco exposure may affect MDS-related mortality; further studies 

in regard to modification of these factors are required.

The pathophysiologic mechanism by which tobacco usage may play a role in MDS is less 

clear. Cigarette smoke has been shown to be a primary exposure source of known carcinogen 

benzene, and increased benzene blood levels have been reported in smokers [22]. In an 

epidemiologic study by Korte et al., approximately 10–50% of smoking-induced total 

leukemia mortality and up to 60% of smoking-related AML mortality were suggested to be 

related to benzene exposure [23]. Animal models have demonstrated that the deficiency of 

cytosolic protein NAD(P)H: quinone oxidoreductase-1 (NQO1) may be associated with 

myeloid pathology, such as myeloid hyperplasia [24,25]. Additionally, NQO1 deficiency in 

conjunction with vitamin C deficiency may be a risk factor for developing MDS [25]. 

Recent analysis by Seastone et al. [26] noted a greater number of molecular abnormalities in 

MDS patients, particularly related to histone modification highlighting potential tobacco-
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mediated molecular pathogenesis of MDS. Additionally, tobacco-related changes may also 

predispose patients to specific molecular abnormalities such as methylation and further 

study of tobacco users who have also received hypomethylating agents for treatment may 

give us further insight.

Limitations of our study include its retrospective study design, which also precluded us from 

confirmation of physician-reported or patient self-reported tobacco usage. Outcomes based 

on magnitude of smoking (i.e., pack-years) and from cessation of smoking in ever-smokers 

could also be valuable in future prospective evaluations. Additionally, we did not evaluate 

the association between tobacco usage and other comorbidities, some of which may 

stimulate inflammatory processes triggering alterations in the bone marrow 

microenvironment. Further studies will also benefit from evaluation of smoking-related 

comorbidities, such as cancers and chronic disease, which are known sequela of tobacco 

usage that could contribute to alternative smoking-related outcomes. In this study, we 

included a limited number of patients who reported using smokeless tobacco into our “ever-

smoker” cohort, and we agree that these other forms of tobacco may have different effects. 

Further prospective validation of tobacco usage as a prognostic variable is needed. 

Furthermore, evaluation of behavioral modification on disease status and prognosis is 

warranted.
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Fig. 1. 
Kaplan–Meier estimates of overall survival (OS) according to smoking status in patients 

with myelodysplastic syndrome (MDS).
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Fig. 2. 
Kaplan–Meier estimates of OS according to smoking status in lower-risk MDS by IPSS.
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Fig. 3. 
Kaplan–Meier estimates of OS according to smoking status (never, former, or current 

smokers) in lower-risk MDS by IPSS.
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Table 1

Baseline characteristics based on smoking status.

Never-smokers
(n = 256)

Ever-smokers
(n = 487)

P-value

Age

 <60 years   74 (28.9%) 118 (24.2%) 0.1

 ≥60 years 182 (71.1%) 369 (75.8%)

WHO classification

 RA   54 (21.1%) 108 (22.2%) 0.06

 RARS   28 (10.9%)   63 (12.9%)

 RCMD   61 (23.8%)   80 (16.4%)

 RAEB   96 (37.5%) 213 (43.7%)

 Del 5q     7 (2.7%)   15 (3.1%)

Karyotype

 Good 160 (62.5%) 275 (56.5%) 0.1

 Intermediate   36 (14.1%)   80 (16.4%)

 Poor   42 (16.4%) 109 (22.4%)

 Missing   18 (7%)   23 (4.7%)

MD Anderson risk

 Low   61 (23.8%)   95 (19.5%) 0.35

 Intermediate-1   85 (33.2%) 147 (30.2%)

 Intermediate-2   48 (18.8%) 102 (20.9%)

 High   35 (13.7%)   88 (18.1%)

 Missing   27 (10.5%)   55 (11.3%)

RBC-TD

 Yes 116 (45.3%) 230 (47.7%) 0.7

HMA treatment

 Yes 115 (49.9%) 248 (50.9%) 0.07

IPSS

 Low   55 (24%)   87 (20.3%) 0.6

 Intermediate-1 113 (49.3%) 209 (48.7%)

 Intermediate-2   49 (21.4%) 106 (24.7%)

 High   12 (5.5%)   27 (6.3%)

Ferritin ≥1000 ng/mL   61 (35.9%) 104 (31.8%) 0.2

HMA, hypomethylating agent; IPSS, International Prognostic Scoring System; RA, refractory anemia; RARS, refractory anemia with ringed 
sideroblasts; RCMD, refractory cytopenia with multilineage dysplasia; RAEB, refractory anemia with excess blasts; RBC-TD, red blood cell 
transfusion dependence; WHO, World Health Organization.
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