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Abstract

Population level survival of patients with myelodysplastic syndromes (MDS) treated with
hypomethylating agents (HMA\) is inferior to clinical trials. Using SEER-Medicare data, we
identified 2,086 MDS patients diagnosed in 2004-13, aged =66 years at diagnosis, and receiving
>1 HMA cycle. We used multivariate logistic regression and Cox proportional hazards models to
assess the impact of provider experience on persistent HMA therapy and overall survival (OS),
respectively.

Median number of HMA cycles was 4 and median OS was 10 months. 32% of patients were
treated by providers with =1 prior HMA initiation in the last 2 years and were more likely to
receive 24 cycles of HMA therapy (OR=1.29, 95%-Cl: 1.06-1.57; P=.01). No significant
association was found between MDS or HMA initiation volume and survival. In conclusion, while
HMA initiation volume was associated with persistent HMA treatment, neither MDS nor HMA
initiation volumes were associated with OS in older MDS patients.
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Introduction

Methods

Data source

Survival in the real-world setting for patients with higher risk myelodysplastic syndromes
(MDS) treated with hypomethylating agents (HMAs) has been shown to be substantially
lower than that observed in clinical trials. The median overall survival (OS) in multiple
studies from the United States (US) and Europe was 11 to 16 months compared to 24.4
months in the landmark AZA-001 trial 12. The reasons behind this gap remain unclear.
Some potential explanations include the selected nature of patients enrolled in clinical trials
as well as potentially improved survival when care is provided by physicians experienced in
the management of MDS patients 2. As higher risk MDS are rare neoplasms and generally
associated with poor survival, it is unlikely that community physicians will have more than a
handful of such patients under their care. The clinical use of HMAs is different than
traditional chemotherapy. In contrast to conventional chemotherapy, therapeutic response to
HMA:s is often observed only after the administration of several cycles of therapy and it is
necessary to continue therapy despite significant cytopenias 3. Given these unique
characteristics, a greater provider experience with administration of HMAs would be
expected to lead to optimization of HMA therapy and to improve patient outcomes. We
assessed whether the experience of providers, as reflected by prior a) volume of MDS
patients; b) number of patients initiated on HMASs; or ¢) practice in teaching hospitals/cancer
centers, is associated with HMA therapy persistence and improved OS of HMA recipients.

and study sample

In this retrospective cohort study, we used the Surveillance, Epidemiology and End Results
(SEER)-Medicare database to identify Medicare beneficiaries diagnosed with MDS in 2004—
2013 based on International Classification of Disease for Oncology, 3rd edition code (ICD-
0-3: 9980, 9982, 9983, 9985, 9986, 9987, 9989). Inclusion criteria included age =66 years at
diagnosis, continuous Medicare Parts A and B enrollment from 12 months before diagnosis
until death or end of follow-up (12/31/2014), and at least one full HMA cycle, as defined in
the following section. Only patients diagnosed with MDS and initiating HMA after
12/31/2005 were analyzed to allow a 2-year lookback to generate the MDS and HMA
volume variables. The Yale Human Investigation Committee determined that this study did
not directly involve human subjects.

Key outcomes

The key study outcomes were whether OS and persistence of HMA therapy are associated
with a provider’s volume of MDS patients and initiation of HMA therapy. OS was measured
from HMA initiation until death, with censoring at end of follow-up on 12/31/2014. HMA
cycles were identified by claims for 3—-10 treatment days within a 28-day period for the first
cycle but no requirement for the number of days for the subsequent cycles. Subsequent
cycles were distinguished by gaps of 14-90 days without treatment. We stopped counting
HMA cycles if the gap was >90 days. HMA cycles were counted and a dichotomous
indicator was created for persistent HMA therapy - receiving >4 cycles, which has been
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suggested by the National Comprehensive Cancer Network (NCCN) as the minimum
treatment duration for patients treated with before response assessment 4.

Assessment of provider MDS volume and HMA volume

Covariates

For each MDS patient in our study cohort, we identified the attending physician associated
with initiating their HMA therapy and calculated the number of MDS patients that the
physician encountered (MDS volume) or initiated on HMA therapy (HMA volume) within
24 months prior to their own HMA initiation. Based on the distribution of volumes and lack
of significant differences in impact using multiple alternative cutoffs in sensitivity analyses,
we dichotomized MDS volume as <15 or =15, while HMA volume was categorized as 0
versus =1. With our rolling lookback period, HMA and MDS volumes may vary for
individual attending physicians over time as they treat different patients in the analytic
cohort. Practice setting at HMA initiation was defined for each patient based on claim type
(presence of hospital outpatient claims or outpatient claims associated with visit) and linked
information on hospital characteristics as: 1) teaching hospital or cancer center (academic
hospital outpatient department [HOPDY]), 2) non-teaching hospital (non-academic HOPD),
and 3) community-based practice.

Our analyses controlled for patient sociodemographic characteristics, health status
(comorbidity, disability status, MDS type and severity) and selected other MDS-related
therapies. Patient characteristics included age, sex, race/ethnicity, marital status,
Metropolitan Statistical Area size, Medicaid dual enrollment, and two linked census tract
level measures — median household income and percentage of adults with high school
education or less. Health status was measured based on the number of comorbid conditions
within 12 months before the first HMA date using the approach developed by Elixhauser et
al . Relevant diagnosis codes needed to be present in either a single inpatient claim or =2
physician or outpatient claims, with at least two that were >30 days apart for the comorbidity
to be considered present. Disability status, a validated claims-based proxy for performance
status, was assessed using claims one year prior to HMA initiation . Receipt of red blood
cell (RBC) and/or platelet transfusions in the 8 weeks prior to HMA initiation were used as
proxy for MDS severity, given that standard disease-specific measures of MDS severity such
as cytogenetics and blood/bone marrow blast proportions were not available in our dataset.
We measured other treatments such as erythropoietin stimulating agents (ESAs) from 12
months before through the date of HMA initiation, and allogeneic stem cell transplantation
(alloSCT) during the entire observation period. All treatments and therapies were identified
using the Healthcare Common Procedural Coding System (HCPCS, Supplementary Table
1).

Statistical analyses

We calculated frequency distributions to describe categorical variables, and median and
interquartile range (IQR) for continuous variables. We used Chi-square tests to examine the
association between HMA duration and level of MDS and HMA volume as well as by
practice setting. Kaplan-Meier log-rank tests were used to examine the distribution of OS
across volume levels and by practice setting. We estimated multivariable logistic regression
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models to examine the association between HMA volume, MDS volume and practice setting
with persistent HMA therapy (=4 cycles). Multivariable Cox proportional hazard models
were used to examine the association between HMA volume/MDS volume and OS. Both
models controlled for practice setting, and patient sociodemographic, health status and other
treatment measures. We conducted sensitivity analyses using alternative cutpoints to
categorize HMA and MDS volume, as well as testing for interactions between volume and
practice setting. We used SAS version 9.4 (SAS Institute, Inc., Cary, NC) to conduct all
analyses, with two-sided statistical tests and an alpha of 0.05.

Study cohort

We identified 2,086 eligible MDS patients under the care of 1,142 providers [Figure 1]. The
median age at diagnosis was 77 (IQR=72-82) years; 63.1% were male and 90.4% were non-
Hispanic white [Table 1].

The median MDS volume for providers in the 2-year lookback period was 8 patients
(IQR:5-13). The majority (79.2%) of the patients had their first HMA initiated by a provider
who had a MDS volume of 0-14 [Table 1]. Only 32.0% of patients’ providers had one or
more HMA initiations in the prior 24 months, and 10.8% of patients were treated by
providers who had >3 HMA initiations (data not shown). Based on HMA claims from the
first HMA cycle, 61.1% of the patients were treated in the community, 23.1% in academic
HOPD, and 13.8% in non-academic HOPD. About half of the patients (49.2%) received
ESA treatment before HMA initiation, and only 45 patients (2.2%) received alloSCT [Table
1].

HMA therapy persistence

The median number of HMA cycles was 4 (IQR=2-8), with 57.3% and 39.4% of patients
receiving =4 or 26 HMA cycles, respectively. In unadjusted analyses, MDS patients whose
provider had more experience in initiating HMA treatment were more likely to receive
persistent HMA therapy. More specifically, if the patient’s provider initiated at least one
HMA treatment in the prior two years, the patient was more likely to receive > 4 cycles of
HMA (P-value<0.01) [Table 2]. We did not observe an association between MDS patient
volume or the practice setting and the probability of receiving =4 cycles of HMA therapy. In
multivariable logistic regression analyses, we found that patients whose providers initiated at
least one HMA treatment in the prior two years had 1.29 times greater odds of receiving = 4
HMA cycles (95% Confidence Interval [C1]=1.06-1.57, P-value=0.01) [Table 3]. We did not
observe an association between practice setting and odds of receiving >4 cycles; we
observed a trend associated with higher MDS volume and odds of receiving 24 cycles
(OR=1.20, 95% CI: 0.96-1.51, P-value=0.11), but it did not reach statistical significance.

Increasing comorbidity and poor disability status prior to HMA initiation were associated
with lower odds of persistent HMA, although with borderline significance. Patients who
were more heavily RBC or platelet transfusion dependent were less likely to receive
persistent HMA therapy [Table 3].
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Overall survival

Median OS for the entire cohort from time of HMA initiation was 10 months (95% CI: 10—
11 months, IQR: 4-21 months); two-year OS was 17.7%. In unadjusted analyses, we did not
find differences in OS based on HMA initiation volume or MDS volume [Figure 2]. In
contrast, practice setting in the community was associated with increased overall survival
[Figure 2]. In adjusted analyses, we did not find significant associations between HMA
volume (HR=0.93, 95% CI: 0.84-1.03, P-value=0.18), MDS volume (HR=0.93, 95% CI:
0.83-1.04, P-value=0.20), or practice setting with OS. As expected, patients with a higher
pre-treatment RBC and platelet transfusion burden and patients with greater levels of
disability had worse OS [Figure 3]. Patients receiving >4 cycles of HMA therapy had a
statistically significantly better median OS and rate of 1-year survival compared to patients
receiving <4 cycles (median OS: 16 months (95% CI: 15-17 months) vs 4 months (95% ClI:
3-4 months); 1-year OS probability 61.9% vs 16%; p<0.01, respectively).

Discussion

In this large population-based analysis of older adults with MDS, we found that care
managed by more experienced HMA providers was associated with a higher likelihood of
receiving persistent HMA therapy. In other words, patients whose providers initiated at least
one HMA treatment in the prior two years had 29% increased odds of receiving =4 HMA
cycles. However, more provider experience did not translate into improved survival in
adjusted analysis.

The approval of HMAs for treatment of MDS has resulted in a major change in the
management landscape of the disease. The landmark randomized phase 3 trial AZA-001
reported a median OS of 24.4 months with azacitidine among patients with higher risk
MDS, which was significantly longer than the 15-month median OS observed with
conventional care regimens (HR=0.58, P<0.0001) 1. However, several population-based
analyses from Europe and the US reported median OS ranging from 11 to 17 months with
HMA therapy 278, For example, the MDS Clinical Research Consortium study, which
enrolled 632 higher risk MDS patients who received HMAs reported a median number of 5
administered cycles of HMAs, with 72% of patients receiving =4 cycles. The median OS for
the overall cohort was 17 (95% CI: 15.8-18.4) months /. In another report from the Spanish
MDS Registry of patients with higher risk MDS patients, the median OS for 251 patients
treated with azacitidine was 13.4 (95% CI: 11.8-16) months .

The differences in clinical outcomes between registry/population-level analyses and
randomized trials are generally attributed to multiple factors. The unselected nature of
patients in population-level analyses compared with highly selected individuals with better
performance status and organ function enrolled in clinical trials could be one reason to
explain the discrepancy between outcomes in real life setting and AZA-001. However, no
published prospective study to date has replicated the median OS seen in AZA-001 2.
Indeed, multiple subsequent clinical trials with azacitidine monotherapy arms reported a
median OS of less than 20 months including the recently published North American
Intergroup study which reported a median OS of 15 months for such patients %12,
Therefore, better patient selection is unlikely to fully explain this difference.

Leuk Lymphoma. Author manuscript; available in PMC 2021 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Zeidan et al.

Page 6

Another factor that could explain this observed difference is the experience of providers who
care for MDS patients. As MDS are rare and associated with poor survival, most community
physicians will not have more than a handful of patients under their care at any time. The
kinetics of response to HMA therapy differs from traditional chemotherapies and the NCCN
recommends that a minimum of 4-6 cycles of HMA therapy should be completed before
therapy is abandoned due to lack of response #13. Furthermore, continuation of HMA
therapy despite significant cytopenias, might be challenging and uncomfortable for providers
inexperienced with HMA use 13. However, previous studies have shown that the median
time to first response was 2-3 cycles and up to 12 cycles can be required to obtain the
optimal response 1415 Additionally, discontinuation of therapy after maximal response is
obtained and “therapy breaks”, which are both often practiced in solid oncology care, are not
advised for patients experiencing a response to HMA therapy as loss of response usually
occurs quickly and often cannot be reestablished with re-initiation of HMA therapy 16.
Lastly, the 7-consecutive day administration of azacitidine was the only regimen associated
with survival advantage for higher risk MDS. However, due to logistical reasons associated
with weekend administration, the 7-day schedule is rarely used outside of academic centers
17 Providers in academic centers may initiate HMA therapy more often than community
providers; they are therefore more likely to be aware of and adhere to recommended
practices when using HMAs.

Therefore, it has been suggested that care by providers in the community setting who
discontinue HMAs prematurely might be one of the reasons of worse clinical outcomes
observed with HMAs in real-life analyses 218, In the current analysis, we indeed show that
patients treated by experienced providers are more likely to persist on HMA therapy.
However, the survival outcomes were independent of provider characteristics and were
inferior compared to the AZA-001 results. The median OS observed in our study population,
which was not limited to any MDS risk-category subgroup, was 10 months which is slightly
lower but overall in line with other studies in the field that reported median OS of 11-18
months for patients with higher-risk MDS who are the primary candidates for therapy with
HMAS 89,12,19

While our study has important implications, some limitations exist. First, our volume
measure was restricted to MDS patients and HMA initiations in the Medicare fee-for-service
population and therefore should be viewed as a relative, rather than an absolute measure of
provider MDS experience. Medicare is the largest purchaser of cancer care in the US and
more than 80% of MDS patients are diagnosed after the Medicare-eligible age of 65 years.
However, our findings might not apply to the minority of younger MDS patients or to
practice patterns in Medicare Advantage plans. Secondly, reasons for HMA discontinuation
and the appropriateness of discontinuation cannot be assessed in claims and could not be
considered in the analysis. We were therefore unable to assess whether HMAs were
discontinued due to progression to AML or lack of response. Thirdly, patients treated by
higher volume providers or those in academic settings may have more severe disease, which
may affect OS. The analysis adjusted for disease severity using measures of transfusion
receipt and hospitalizations for infection and bleeding. However, there are differences in the
baseline severity measures that are commonly used in the International Prognostic Scoring
System (IPSS) and its revised version (IPSS-R), such as blast count, level of cytopenias, and

Leuk Lymphoma. Author manuscript; available in PMC 2021 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Zeidan et al.

Page 7

cytogenetic information that are not included in the SEER-Medicare database and therefore
might not be captured with the MDS classification or the severity measures we constructed.
We instead used measures of RBC transfusion dependence, which has been repeatedly
shown to correlate with poor survival in MDS and hospitalization for bleeding and infections
which reflect functional consequences of severe thrombocytopenia and neutropenia as a
measure of disease severity.20-25 Furthermore, the claims codes for MDS-RAEB (refractory
anemia with excess blasts), which reflects 5% blasts in the bone marrow, was part of our
severity measurements and has been strongly associated with poor survival and adverse
outcomes in multiple studies.25:26

Additionally, we could not capture changes in severity over time, hence the estimated
associations between volume and OS may be biased 27. Importantly, due to sample size
consideration our analyses included all MDS patients and was not restricted to patients with
higher risk disease who have the strongest evidence for OS advantage with HMA therapy.

Another limitation to note is that SEER-Medicare is not reporting additional clinical data on
MDS risk stratification which might explain the high rate of MDS-NOS in our study and
poses a risk for misclassification bias. This is an especially important limitation when
comparing outcomes in well-characterized clinical trial patients, that often use risk
stratification tools such as the International Prognostic Scoring System (IPSS) as inclusion
criterion, with the heterogenous patient population in large claims-based datasets that lacks
this clinically relevant information. Although we used transfusion frequency as a surrogate
for MDS severity, we were unable to assess MDS disease risk for our patients. Finally, the
provider of record and their experience is assigned at baseline but does not take into account
possible changes in providers over time, for example, transfer of care from the community to
an academic center, or even a consultation with an academic provider that may influence
care and outcomes provided in the community. These limitations may have generated
measurement error in the provider volume measures, which could bias estimates towards the
null. Hence, our estimates should be considered to be at the lower bound.

Our findings further suggest that the median OS of 24.4 months associated with azacitidine
use in the AZA-001 trial reflects a significant overperformance of azacitidine in the trial for
yet unexplained reasons rather than an underperformance in the community setting due to
suboptimal/inappropriate use. These observations argue against the discordance between the
impressive overall survival observed in clinical trials and that supported by real-life data
being largely related to the experience gap among health providers. Further research into the
underlying reasons for this gap is warranted to improve patient outcomes at the population
setting.
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Figure 1: Selection of the study population
35,924 patients with MDS were initially identified in the SEER-Medicare database. After

excluding patients based on pre-specified exclusion criteria, 2,086 patients were included in
the study.
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Figure 2: Kaplan Meier Survival Curves by HMA volume, MDS volume, and provider type
(A) illustrates the survival of patients based on the volume of HMA initiation by the treating

provider. In our study population there was no statistically significant difference in overall
survival among patients treated by providers with 0 or =1 HMA initiations in the previous 24
months. (B) shows the survival of patients based on the volume of MDS patients treated by

the provider. In our study population there was no statistically significant difference in

overall survival among patients treated by providers with a higher volume of MDS patients
compared to providers with a lower number of MDS patients. (C) illustrates the impact of
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practice setting on survival. Interestingly, patients treated by providers in the community had
a better overall survival than patients treated at a hospital-based practice (both academic and
non-academic). This difference reached statistical significance (log-rank test; p = 0.021)
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(A) illustrates adjusted analyses for OS with HMA volume as the primary predictor. Patients
with a higher RBC and platelet transfusion burden as well as a greater level of disability had
an adverse overall survival. (B) depicts adjusted analyses for OS with MDS volume as the

primary predictor. Patients with a higher RBC and platelet transfusion burden as well as a

greater level of disability had an adverse overall survival.
Abbreviation: RA= refractory anemia; RARS=RA with ringed sideroblasts; RAEB=RA with
excess blasts; RCMD=refractory cytopenia with multilineage dysplasia.
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Marital Status “Other” includes Single, Divorced, Separate, Widowed, and Unmarried.
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Table 1.
Patient Characteristics (N=2,086)
Nor Median % or [IQR]
Total N 2086 100.0%
Months followed from first HMA treatment (median, IQR) 10 [4,19]
Months to First HMA (median, IQR) 3 [1,13]
Dead by the end of study
No 251 12.0%
Yes 1835 88.0%
HMA volume (median, IQR) 0 [0, 1]
0 1418 68.0%
1 or more 668 32.0%
MDS volume (median, IQR) 8 [5,13]
0-14 1653 79.2%
15 or more 433 20.8%
Practice setting
Hospital-Not teaching or cancer center 294 13.8%
Hospital-Teaching/cancer center 491 23.1%
Community providers 1301 61.1%
Cycles of HMA (median, IQR) 4 [2,8]
24 cycles 1196 57.3%
> 6 cycles 821 39.4%
MDS Subtype
9980: refractory anemia (RA) 109 5.2%
9982: RA with ringed sideroblasts (RARS) 124 5.9%
9983: RA with excess blasts (RAEB) 582 27.9%
9985: refractory cytopenia with multilineage dysplasia (RCMD) 165 7.9%
9986: MDS associated with 5q deletion 85 4.1%
9987: therapy-related MDS 20 1.0%
9989: MDS, not otherwise specified 1001 48.0%
MDS Risk Group
Lower Risk (RA, RARS, RCMD, 5q) 483 23.2%
High Risk (RAEB) 582 27.9%
Other (NOS, t-MDS) 1021 48.9%
Year of first HMA
2006 157 7.5%
2007-2008 421 20.2%
2009-2010 540 25.9%
2011-2012 559 26.8%
2013-2014 409 19.6%
Age at diagnosis, years (median, IQR) 77 [72, 82]
66-69 289 13.9%

Leuk Lymphoma. Author manuscript; available in PMC 2021 February 01.

Page 16



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Zeidan et al.
N or Median % or [IQR]
70-74 476 22.8%
75-79 536 25.7%
80+ 785 37.6%
Sex
Female 770 36.9%
Male 1316 63.1%
Race
White 1885 90.4%
Other 201 9.6%
Hispanic
Non-Hispanic 1985 95.2%
Hispanic 101 4.8%
Marital Status
Married 1294 62.0%
Single/Divorced/Separated/Widowed/Unmarried 611 29.3%
Unknown 181 8.7%
Elixhauser Comorbidity Index
None 298 14.3%
lto2 790 37.9%
more than 3 998 47.8%
Disability
Not disabled 1871 89.7%
Disabled 215 10.3%
Red Blood Cell Transfusion Times Prior HMA (median, IQR) 1 [0, 2]
0 721 34.6%
1-2 530 25.4%
23 825 39.5%
Platelet Transfusion Times Prior HMA (median, IQR) 0 [0,0]
0 1729 82.9%
1-2 182 8.7%
23 175 8.4%
Percent of adults 225 years with < High School education
<33% (area with low educational attainment) 558 26.7%
33%-66% 1174 56.3%
> 66% (area with higher educational attainment) 231 11.1%
Income
<$33,000 332 15.9%
$33,000-40,000 310 14.9%
$40,000-50,000 452 21.7%
= $50,000 869 41.7%
Metropolitan Statistical Area size
Metro 1764 84.6%
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N or Median % or [IQR]

Nonmetro 322 15.4%
ESA Use pre HMA
No 1059 50.8%
Yes 1027 49.2%
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Table 2.

Distribution of HMA duration overall and by HMA volume, MDS volume, and practice setting

Sample N, row %

HMA cycles

Overall 2086 (100%)

< 4 cycles 890 (43%)

= 4 cycles 1196 (57%)

Chi-square P-value”

Col % Row % Row %
HMA volume
0 1418 (68%) 45% 55% <0.01
1 or more 668 (32%) 38% 62%
MDS volume
0-14 1653 (79%) 44% 56% 0.05
15-43 433 (21%) 38% 62%
Practice setting
Non-Academic HOPD ™™ 294 (14%) 42% 58% 0.38
Academic HOPD 491 (24%) 45% 55%
Community/Physician 1301 (62%) 42% 58%

Chi-square test of extended HMA cycles by HMA volume, MDS volume and practice setting

*:
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Multivariate logistic regression for HMA duration = 4 cycles

Table 3.

Page 20

Model with HMA volume

Model with MDS volume

OR (95% CI) P-value  OR (95% CI) P-value
HMA volume (Dichotomous) .010
0 Ref
1 or more 1.29 (1.06, 1.57)
MDS volume (Dichotomous) 110
0-14 Ref
15 or more 1.20 (0.96, 1.51)
Practice setting .667 .619
Non-Academic HOPD Ref Ref
Academic HOPD 0.89 (0.65, 1.21) 0.89 (0.65, 1.21)
Community 0.97 (0.74, 1.28) 0.99 (0.75, 1.30)
MDS Subtype .158 .160
9980: refractory anemia (RA) Ref Ref
9982: RA with ringed sideroblasts (RARS) 1.25(0.72, 2.16) 1.21(0.70, 2.10)
9983: RA with excess blasts (RAEB) 0.79 (0.51, 1.22) 0.79 (0.51, 1.23)
9985: refractory cytopenia with multilineage dysplasia (RCMD) 0.62 (0.37, 1.03) 0.61 (0.37, 1.02)
9986: MDS associated with 5q deletion 1.00 (0.55, 1.82) 1.03 (0.56, 1.87)
9987: therapy-related MDS 0.91 (0.34, 2.47) 0.91 (0.34, 2.47)
9989: MDS, not otherwise specified 0.94 (0.62, 1.43) 0.94 (0.62, 1.43)
ESA Use .676 .588
No Ref Ref
Yes 0.96 (0.79, 1.17) 0.95 (0.78, 1.15)
Year of HMA initiation .827 .001
2006 Ref Ref
2007-2008 1.86 (1.27, 2.73) 1.89 (1.29, 2.77)
2009-2010 1.68 (1.15, 2.45) 1.71 (1.17, 2.49)
2011-2012 1.90 (1.30, 2.77) 1.92 (1.32, 2.80)
2013-2014 1.33(0.89, 1.98) 1.33(0.90, 1.99)
Months to first HMA treatment 1.00 (0.99, 1.01) .827 1.00 (0.99, 1.01) 927
Age Group .021 .028
66-69 Ref Ref
70-74 0.98 (0.72, 1.33) 0.97 (0.72, 1.33)
75-79 1.04 (0.77, 1.42) 1.04 (0.77, 1.41)
80+ 0.75 (0.56, 1.00) 0.76 (0.57, 1.01)
Sex .605 .611
Male Ref Ref
Female 0.95 (0.78, 1.16) 0.95 (0.78, 1.16)
Race .106 .100
White Ref Ref
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OR(95% CI) P-value OR(95% CI)  P-value

Other 0.78 (0.57, 1.06) 0.78 (0.57, 1.05)
Hispanic .570 430
non-Hispanic Ref Ref

Hispanic 0.85 (0.56, 1.30) 0.85(0.56, 1.28)

Marital Status .337 .309
Married Ref Ref
Single/Divorced/Separate/Widowed/Unmarried 0.89 (0.72, 1.10) 0.88 (0.71, 1.09)
Unknown 0.82 (0.59, 1.14) 0.82 (0.59, 1.14)
Elixhauser Comorbidity Index (Pre HMA) .063 .043
None Ref Ref

1t02 1.05 (0.79, 1.40) 1.04 (0.79, 1.38)

more than 3 0.82 (0.62, 1.09) 0.81 (0.61, 1.08)
Disability .055 .056
Not disabled Ref Ref

Disabled 0.74 (0.55, 1.01) 0.75 (0.55, 1.01)

Red Blood Cell Transfusion Group .016 .014
0 Ref Ref

1-2 0.97 (0.76, 1.23) 0.97 (0.76, 1.23)

23 0.74 (0.60, 0.93) 0.74 (0.60, 0.93)

Platelet Transfusion Group .001 .001
0 Ref Ref

1-2 0.85 (0.62, 1.17) 0.85 (0.62, 1.17)

>3 0.53 (0.38, 0.73) 0.53 (0.38, 0.73)

Percent of adults 225 years of age in zip code with < High School education .681 .685
<33% Ref Ref

33%-66% 0.94 (0.74, 1.20) 0.96 (0.75, 1.22)

> 66% 1.14 (0.74, 1.75) 1.16 (0.76, 1.79)

Income .554 .541
<$33,000 Ref Ref
$33,000-40,000 1.2(0.84,1.72) 1.20 (0.84,1.71)
$40,000-50,000 1.15 (0.8, 1.65) 1.14 (0.80, 1.64)

> $50,000 1.3(0.89, 1.88) 1.29 (0.89, 1.88)
Metropolitan Statistical Area size .069 .080
Metro Ref Ref

Non-metro 1.31(0.98, 1.76) 1.30 (0.97, 1.74)
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