
Abstract. Background: The treatment of acute myeloid
leukemia (AML) has made significant progress in the last 30
years; however, numerous factors affect outcomes in patients
with AML. Well-known risk factors are age, cytogenetics, and
treatment intensity. The purpose of our study was to
investigate the effects of insurance status on the outcome of
AML; age, Carlson comorbidity index, distance travelled to
the treatment center, and type of treatment center were
adjusted by analyzing data from National Cancer Database
(NCDB). In the wake of the Affordable Care Act, and its
impact on insurance coverage, evaluating the effect having
insurance has on health outcome is urgently necessary.
Materials and Methods: Data were analyzed from 67,443 men
and women (≥18 years of age), who were registered in the
NCDB and diagnosed with AML between 1998 and 2011 with
follow-up to the end of 2012. The primary predictor variable
was payer status, and the outcome variable was overall
survival. Additional variables addressed and adjusted,
included: sex, age, race, Charleston Comorbidity index, level
of education, income, distance traveled, facility type,
diagnosing/treating facility, treatment delay, and
chemotherapy. Results: In multivariate analysis, after
adjusting for other predictor variables, payer status was a
statistically significant predictor of overall survival for AML.
Relative to privately insured patients, patients with Medicaid
had a 17% increased risk, those without insurance had a 21%
increased risk, those with Medicare had a 19% increased risk
and those with unknown insurance status had a 22% increased
risk of mortality from AML. The percentage of patients

surviving from AML after 24 months was 37.6%, 31.4%,
32.3%, 31.8%, and 33.1% for patients with private, unknown,
Medicare, uninsured, and Medicaid payer status, respectively.
All factors investigated were found to be significant predictors
of AML survival except distance traveled. Conclusion: We
observed that payer status has a statistically significant
relationship with overall survival from AML.

The American Cancer Society estimates there will be about
19,950 new cases and 10,430 deaths from acute myeloid
leukemia (AML) in 2016, of which most will affect adults
(1). AML is typically an older person’s disease, being
uncommon before the age of 45 years. In 2008, the World
Health Organization (WHO) revised the classification of
AML for proper prognostication based on morphology,
immunophenotyping, cytogenetic data, and molecular studies
(2, 3). AML is also divided based on risk into high,
intermediate, and low groups (4-7). Recently Arber et al.
published the latest classification of AML based on new
clinical, prognostic, morphological, immunophenotypic, and
genetic data (8).

Complete remission (CR) rates in older adults with AML
are 40-60% with treatment (9-18). The 5-year survival rate
has increased from 6.3% in 1975 to 23.9% in 2007 according
to Surveillance, Epidemiology and End result program
(SEER) data analysis. Overall survival rates for AML
decrease as age increases (19). Older adults are also more
likely to have comorbidities and poorer performance status.
This increases treatment-related morbidity and mortality, and
limits intensive treatments such as allogenic hematopoietic
cell transplantation.

There exist many risk factors associated with survival of
patients with AML. Well-known risk factors are age,
cytogenetics, molecular markers, and treatment intensity.
Other factors, including access to healthcare, modify
treatment outcomes. For example, the type of insurance a
patient has might influence the cancer treatment outcome. 
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Previous studies on solid tumors have identified a link
between uninsured and underinsured payer status and shorter
survival from several cancer types (20-25). However, this
relationship has not been demonstrated in patients with AML
in whom disease progression is certain, and in the absence of
treatment, prognosis is almost always death. Bradley et al.
demonstrated uninsured patients were 4.4 times more likely to
be untreated than their privately insured counterparts and had
a 29% higher likelihood of death. Once treatment was adjusted
in the survival analyses, differences between insurance groups
were not statistically significant (26). These findings
demonstrate the critical role of health insurance in AML, which
is a life-threatening disease that is expensive to treat (26-28). 

As healthcare reform in the United States continues to
evolve, it is challenging to define the impact of payer status
on health outcomes. In the infancy of the Affordable Care Act,
many expect a more comprehensive coverage will improve
outcomes across the United States (29-33). Yet the effect that
this shift will have on patients with cancer is still uncertain. 

The National Cancer Data Base (NCDB) began collecting
information on payer status for all patients in 1996. This dataset
provides the opportunity to examine the relationship between
payer status and overall survival of patients with cancer. Recent
studies using these data found a statistically significant
relationship between payer status and survival from breast,
colon, and lung cancer (34-36). The impact of payer status on
outcomes of AML is unknown. In an analysis of 67,433 patients
with AML from the NCDB, we assessed here how payer status
affects survival in AML, adjusting for age, comorbidity index,
distance travelled from, and type of treatment center.

Materials and Methods
This study examined data regarding 67,443 patients who were
diagnosed with AML between 1998 and 2011 and followed-up until
December 31, 2012, and they were registered in the de-identified
NCDB. Only patients who had complete survival data and complete
chemotherapy data (no, single, multiple agent) were included in the
analysis. The NCDB captures approximately 70% of all newly
diagnosed cases of cancer in the United States at the institutional
level. (37) The International Classification of Disease for Oncology,
third edition (ICD-O-3), codes (C420, C421, C424) for a diagnosis
of AML were used to select patients. The code C420, C421 and
C424 represent blood, bone marrow and hematopoetic not otherwise
specified. Then we used histological codes 9840, 9861, 9865-9867,
9869, 9871-9874, 9895-9897, 9898, 9910-9911, 9920 for AML.

The outcome variable of overall survival was calculated from date
of diagnosis to date of death, date of loss to follow-up, or date of
study end (December 31, 2012). The primary predictor variable of
payer status was categorized as uninsured, private, Medicaid,
Medicare, or unknown. Other variables investigated included sex,
age, race, Charlson Comorbidity index, income, education, distance
traveled to treating facility, facility type, diagnosing/treating facility,
treatment delay, and chemotherapy. Age was grouped as 18-49, 50-
64, 65-74, or ≥75 years. Race was categorized as White, Black, or
Asian. Charlson Comorbidity Index, a score that indicates the overall

health status of a patient, was defined as 0, 1, ≥2, or unknown (38).
Income, or median household income at zip code level, was grouped
as <$30, $30-34, $35-45, or ≥$46 k. Education measured as the
percentage of adults in the patient's zip code who did not graduate
from high school was grouped as <14%, 14-19.9%, 20-28.9%, and
≥29%. Education was determined using the 2000 census data.
Distance traveled, i.e. the distance from the patient’s residential zip
code to a medical center, was defined as <30 or ≥30 miles. Facility
type was categorized as a community cancer program, a
comprehensive cancer program, or an academic or research cancer
program. Diagnosing/treating facility was categorized as either the
same (diagnosed and treated at the same facility) or different
(diagnosed at one facility and treated at another). Treatment delay was
grouped as 0-7, 8-30, or ≥31 days. Chemotherapy was categorized as
single agent, multiple agents, or not received. 

Descriptive statistics are presented for each variable studied.
Multivariate Cox regression was used to simultaneously estimate
the hazard of death [hazard ratio (HR)) by payer status while
adjusting for other factors. Direct adjusted overall survival (OS) was
calculated by using Multivariate Cox regression. Statistical Software
SAS 9.4 (SAS Inc., Cary, NC, USA) was used for data
management, statistical analysis, and modeling. 95% Confidence
intervals (CIs) that did not include 1.00 were considered statistically
significant at the 5% level. 

Results

The demographic characteristics of the patient population are
shown in Table I. A total of 67,443 patients were included in
the study, 45.12% had Medicare at diagnosis, 40.41% had
private insurance, 7.4% had Medicaid, 4.15% were
uninsured, and 2.92% had an unknown insurance status. 

The overall mean age at diagnosis was 61.1 years. At
diagnosis, Medicare patients had, as expected, the highest
mean age (73.6 years), while all other privately insured,
Medicaid-insured, or uninsured patients had mean ages of
51.9, 44.6, and 46.9 years, respectively. The majority of
patients in the study were White (88.1%). Most patients
(63.12%) received multiple agent chemotherapy, although
21.49% received none at all. 

Table II displays the HR and the 95% CI for each variable
from multivariate Cox regression analysis. Payer status was a
significant predictor of overall survival after adjusting for gender,
age, race, comorbidity, income, education, distance traveled,
facility type, treatment delay, diagnosing/treating facility, and
chemotherapy. Relative to privately insured patients, Medicaid
patients had a 16% increased risk of mortality from AML.
Uninsured and Medicare patients had a 21% and a 19%
increased risk of mortality, respectively. After 24 months, the
percentage of patients surviving from AML was 37.66%,
31.44%, 32.23%, 31.76%, and 33.11% for private, unknown,
Medicare, uninsured, and Medicaid payer status, respectively. 

Multivariate analysis also revealed that female patients were
8% less likely to die than their male counterparts. Compared
to the 18- to 49-year-old age group, patients aged 75 years and
older were 4.14-times more likely to die. Relative to Whites,
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Asians had an 8% reduced risk while Black patients had an
8% increased risk of death. Patients with two or more
comorbidities were 1.49-times more likely to die than those
without comorbidities. Those who received multiple agent
chemotherapy had a 38% reduced risk of death as compared
to those who received no chemotherapy. A finding of
particular interest was that patients treated within 7 days and
8-30 days were 26% and 18% more likely to die compared to
patients treated 31 days or more after diagnosis. Distance
traveled was not a significant predictor of overall survival. 

Discussion

Payer status has a significant effect on the overall survival
of patients with AML after adjusting for all other predictive
factors (see Table II). Medicare patients had a worse
outcome compared to those privately insured likely due to
the older age of these patients. The important comparison is
between uninsured, Medicaid, and privately insured patients.
Uninsured patients had worse outcomes compared to
Medicaid patients, who had worse outcome compared to
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Table II. Multivariate Cox regression for hazard ratio (HR) of death by
factor.

Factor                            Level                                          HR       95% CI

Gender                           Male                                           1.00             
                                      Female                                       0.92     0.90-0.94
Age, years                     18-49                                         1.00             
                                      50-64                                         1.96     1.91-2.02
                                      65-74                                         2.88     2.77-2.99
                                      ≥75                                             4.20     4.03-4.38
Race                               White                                         1.00             
                                      Black                                         1.08     1.04-1.12
                                      Asian                                         0.93     0.87-0.99
CCI                                0                                                 1.00             
                                      1                                                 1.24     1.20-1.28
                                      2                                                 1.52     1.45-1.59
                                      Unknown                                  1.19     1.15-1.23
Year of diagnosis          1998-2004                                 1.00             
                                      2005-2011                                 0.86     0.83-0.88
Insurance                       Private                                       1.00             
                                      Uninsured                                  1.20     1.14-1.27
                                      Medicaid                                    1.16     1.12-1.22
                                      Medicare                                    1.19     1.15-1.23
                                      Unknown                                   1.03     0.98-1.09
Income, $                      ≥46 k                                         1.00             
                                      30 k                                            1.10     1.06-1.15
                                      30-34 k                                      1.08     1.05-1.12
                                      35-45 k                                      1.05     1.02-1.08
Education                      <14%                                         1.00             
                                      14-19.9%                                   1.03     1.00-1.06
                                      20-28.9%                                   1.05     1.02-1.08
                                      ≥29%                                         1.01     0.97-1.05
Distance travelled,       ≥30                                             1.00             
miles                             <30                                             0.99     0.97-1.02

Facility type                  Academic/research program     1.00             
                                      CCP                                           1.02     0.98-1.07
                                      Comprehensive CCP                1.04     1.02-1.06
Class of case                 Same facility                             1.00             
                                      Different facility                       0.87     0.85-0.89
Treatment started,        ≥31                                             1.00             
days from diagnosis    0-7                                              1.25     1.21-1.30
                                      8-30                                           1.17     1.13-1.22
Chemotherapy               None                                          1.00             
                                      Single agent                              0.78     0.74-0.82
                                      Multiple agent                           0.63     0.59-0.66

CI: Confidence interval; CCI: Charlson Comorbidity Index; CCP:
Community Cancer Program.

Table I. Patients’ characteristics (37).

Factor                            Level                                               n            %

Gender                           Male                                           36,531     54.17
                                      Female                                       30,912     45.83
Age, years                     18-49                                          16,980     25.18
                                      50-64                                          17,659     26.18
                                      65-74                                          15,396     22.83
                                      75+                                             17,408     25.81
Race                               White                                         59,410     88.09
                                      Black                                            5,985       8.87
                                      Asian                                            2,048       3.04
CCI                                0                                                 32,678     48.45
                                      1                                                   8,647     12.82
                                      2                                                   3,446       5.11
                                      Unknown                                   22,672     33.62
Year of diagnosis          1998-2004                                  34,220     44.29
                                      2005-2011                                  43,051     55.71
Insurance                       Uninsured                                    2,800       4.15
                                      Private                                        27,252     40.41
                                      Medicaid                                      4,992       7.4
                                      Medicare                                    30,429     45.12
                                      Unknown                                     1,970       2.92
Income, $                      30 k                                              8,800     13.78
                                      30-34 k                                       12,199     19.1
                                      35-45 k                                       18,198     28.49
                                      >46 k                                          24,678     38.63
Education                      ≥29%                                          11,111     17.4
                                      20-28.9%                                   14,922     23.36
                                      14-19.9%                                   15,480     24.24
                                      <14%                                          22,358     35
Distance travelled,       <30                                            47,281     72.76
miles                             ≥30                                            17,697     27.24

Facility type                  CCP                                              4,761       7.06
                                      Comprehensive CCP                 30,680     45.49
                                      Academic/research program     32,002     47.45
Class of case                 Same facility                              46,115     68.38
                                      Different facility                        21,328     31.62
Treatment started,        0-7                                              36,142     68.37
days from diagnosis    8-30                                            12,207     23.09
                                      31+                                               4,510       8.53
Chemotherapy               None                                           14,494     21.49
                                      Single agent                               10,382     15.39
                                      Multiple agent                           42,567     63.12

CCI: Charlson Comorbidity Index; CCP: Community Cancer Program. 



private insurance. Medicaid and uninsured patients had an
increased risk of dying compared to those with private
insurance. Earlier studies in different types of cancer (mainly
colon, breast, and lung) showed similar although not
independent associations of insurance status and survival
(21, 28, 34, 36, 39, 40). The mechanism by which payer
status affects survival is not entirely clear; it could be
mediated through differences in access to certain treatment
types (41). Access to care, transportation, and supportive
care may be involved. Further research and mediation
analysis is needed.

Using the NCDB database of more than 60,000 patients
with AML, we confirm and extend here three smaller studies
about the impact of insurance on AML outcomes. Ortiz-Ortiz
et al. described insurance-related disparities in 516 patients
with leukemia in Puerto Rico (including 159 cases of AML),
but did not comment on other potential confounding factors
(42). Bradley et al. described insurance-related disparities in
the Virginia Cancer Registry based on 523 patients. The
highest risk of death was seen in uninsured patients (26).
Borate et al. investigated SEER data for 5,541 patients with
AML aged 19 to 64 years diagnosed between 2007 and 2011,
finding an HR of death of 1.24 for Medicaid patients
compared to privately insured patients using a multivariate
analysis. Our data are comparable to the data of Borate et al.
(43). Two smaller studies did not find any correlation between
insurance and survival. Moreover, in a single-institutional
study, no difference was found between different insurance
categories, but survival was low in all categories (40). In a
study from the 2002-2006 New York and California Cancer
Registries, the researchers found no survival differences.
However, the authors compared Medicaid patients with all
other categories, including uninsured patients (44, 45).

Similar to other studies, we found patients with older age,
and higher comorbidity index had the worst AML survival
(9, 19). As shown in Table II, age-related mortality increases
to approximately double in the 50-64 years group compared
to 18-49 years. Risk of death is even higher in those aged 65
years and older, which may in part be due to the lack of
chemotherapy administered.

Studies have shown that comorbidities are predictive of
early death in the elderly, but not a predictor for younger
patients with AML. The comorbidity index, as established in
the transplant setting, is an independent predictor for early
death in elderly patients (46-48). Our findings are consistent
with these studies and, as demonstrated in Table II, the
findings of mortality significantly increasing as the
comorbidity index increased. An important question arises:
Does the comorbidity index account for AML survival
differences for patients with different insurance status? In a
different malignancy, colon cancer, differences in
comorbidity level did not account for the association
between insurance status and survival (49). 

An additional finding is patients treated at academic
institutions had better OS compared to those treated at non-
academic institutions (such as community cancer centers and
comprehensive cancer centers). Patients treated at
community cancer programs and comprehensive CCPs were
found to have a 4-5% higher risk of dying compared to
patients treated at an academic center. Similar results were
observed for patients with breast cancer (50). Survival
outcomes can be affected by distance travelled to treatment
center. One single-center study, including 281 patients
receiving induction therapy, found no association between
socioeconomic status or distance from treatment center and
survival. A study of a pediatric population with AML and
acute lymphocytic leukemia showed distance from treatment
center had no effect on outcomes in AML. Our data concurs
with the other studies (51-53).

The Patient Protection and Affordable Care Act (ACA) will
likely improve insurance coverage for most young adults in
the United States, but some of these patients will face
significant premium increase in the individual market. In a
SEER data analysis of 39,447 patients aged 20 to 40 years
diagnosed with a malignant neoplasm between 2007 and 2009,
an association between insurance coverage and decreased
likelihood of presentation with metastatic disease [odds ratio
(OR), 0.84; 95% CI=0.75-0.94)] increased receipt of definitive
treatment (OR=1.95; 95% CI=1.52-2.50), and reduced death
resulting from any cause (HR=0.77; 95% CI=0.65-0.91) was
noted. The improved coverage fostered by the ACA may
translate into better outcomes among young adults with
cancer. Extra consideration must be given to ensure that
patients who face premium increases in the individual market
can obtain insurance coverage under the ACA (54). 

Despite utilizing a large sample population, there are
limitations to this study. Firstly, the NCDB database does not
collect information on cytogenetic or molecular subtypes of
leukemia. This is important because different socioeconomic
and ethnic groups may have a different biology of leukemia.
Secondly, the treatment information is limited to single-agent
versus multi-agent chemotherapy. Different patient groups
may have received different treatment intensity. In particular,
the NCDB database does not have detailed information about
allogeneic transplantation. Allogeneic transplantation has a
potential for cure; however, if used in patients with
comorbidities or without good social support, transplantation
may worsen the survival rate. Different insurance plans may
limit access to transplantation or provide incomplete
coverage for supportive care. Detailed data are not available
from the NCDB on changes in treatment and change in
insurance status that might have occurred over time. Thirdly,
the socioeconomic status and education level is collected by
zip code level not by direct patient or family information.
Fourthly, the effect of factors on OS may be different from
the effect on cause-specific survival. 
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In conclusion, insurance status is a significant predictor of
OS for patients with AML. This remains true after adjusting
for other previously described non-biological predictive
factors. As we continue to navigate our way through the
dynamically changing system of healthcare reform in the
United States, it is important to consider the influence of
payer status on health outcomes in future decision-making
in order to mitigate disparities. 
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