
ORIGINAL PAPER

Understanding disparities in leukemia: a national study

M. I. Patel • Y. Ma • B. S. Mitchell •

K. F. Rhoads

Received: 24 February 2012 / Accepted: 28 August 2012 / Published online: 13 September 2012

� Springer Science+Business Media B.V. 2012

Abstract

Purpose Disparities in solid tumors have been well

studied. However, disparities in hematologic malignancies

have been relatively unexplored on population-based lev-

els. The purpose of this study is to examine the relationship

between race/ethnicity and acute leukemia mortality.

Methods All patients with acute leukemia [acute lympho-

blastic leukemia (ALL) and acute myelogenous leukemia

(AML)] were identified in the Surveillance Epidemiology

and End Results database, 1999–2008. Kaplan–Meier curves

were generated to reflect survival probabilities by race/

ethnicity. Multivariable Cox proportional hazard models

estimated hazard of mortality by race with adjustment for

individual (age, gender, year of diagnosis) and select gene-

tic factors.

Results A total of 39,002 patients with acute leukemia

were included in the study. Overall, there was a mortality

disparity in acute leukemia for blacks (HR 1.17, p \ 0.0001)

and Hispanics (HR 1.13, p \ 0.0001) compared with non-

Hispanic whites. In stratified analysis, disparities in ALL

were greater than AML; blacks (HR[ALL]1.45, p \ 0.0001;

HR[AML]1.12, p \ 0.0011); Hispanics (HR[ALL]1.46,

p \ 0.0001; HR[AML]1.06, p \ 0.0001). Adjustment for

individual patient and select genetic factors did not explain

disparities.

Conclusions Blacks and Hispanics suffer decreased sur-

vival in acute leukemia as compared to others. Further

investigation is needed to understand the drivers of poor

cancer outcomes in these populations.

Keywords Acute leukemia � Disparities �
Population-based � SEER

Introduction

Acute leukemia is a malignant disorder resulting in

impairment of blood cell production and unrestrained

proliferation of immature blood cells. The disease is sub-

classified into two broad categories: acute myeloid leuke-

mia (AML) which accounts for 12,330 new cases each year

and acute lymphoblastic/lymphocytic leukemia (ALL)

which accounts for about 5,330 new cases each year [1].

Disparities in cancer are well documented in the literature,

and the elimination of these differences has become an

important part of the national health agenda [2–12].

Although disparities in solid tumors such as lung, breast,

and colorectal cancers have been well studied [3–5],

racial-/ethnically based outcomes in hematologic malig-

nancies, especially acute leukemia, have received much

less scholarly attention.

Disparities in acute leukemia mortality have been pre-

viously described in the pediatric literature. These studies

have shown that black and Hispanic children have worse
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outcomes when compared with whites [6–12]. There are a

handful of studies in the adult population assessing out-

comes in acute leukemia by race/ethnicity, and these reveal

conflicting results [10, 13–19]. While some studies dem-

onstrate disparities [10, 13, 15, 16], others do not [15, 16,

18]. All of these studies are limited in the use of relatively

small datasets. A recent study examined outcomes in one

subtype of acute leukemia for children less than 20 years of

age and demonstrated worse outcomes among black and

Hispanic children as well as among some Asian subgroups

[12]. The study, however, only focused on one subtype of

acute leukemia and limited analysis to the pediatric pop-

ulation. No studies to date have assessed cohorts large

enough to distinguish the outcomes between subtypes as

well as differences in outcome for both children and adults

with both subtypes of the disease.

Disparities in cancer are thought to result from a com-

plex interplay of factors. This has been demonstrated in

studies of solid tumor outcomes [3–5, 22, 24, 25]. In order

to address disparities in acute leukemia, we need a better

understanding of the factors that influence outcomes by

race. The purpose of the current investigation is to use a

national database to characterize differences in outcomes in

AML versus ALL and to describe the relationship between

race/ethnicity and mortality in all patients with both sub-

types of acute leukemia. Given that the treatment course

for ALL is more intensive than for AML [1], the hypothesis

is that overall outcomes and disparities are worse for ALL

as compared with AML; the secondary hypothesis is that

racial/ethnic minorities suffer worse outcomes than whites

with both subtypes of disease.

Methods

Sources of data

After obtaining approval from the Stanford University

Institutional Review Board, data from SEER 17 database

were obtained through enrollment in the SEER*Stat pro-

gram, Version 4.2 (NCI, Bethesda, MD; last accessed 7/5/

11). Data contained in the SEER database is sampled data

from 17 registries across the United States capturing a little

more than 25 % of the US patient population [20]. The set

includes information about new malignancies, basic clini-

cal data, and patient demographic information.

Cases of acute leukemia were identified by International

Classification of Disease-Oncology 3rd edition (ICD-O3)

codes. Acute lymphoblastic leukemia codes: 9727, 9728,

9729, 9835, 9836, 9837, 9805 identified patients with ALL;

and acute myelogenous leukemia codes 9840, 9861,

9866–9867, 9870–9874, 9891, 9895–9897, 9910, 9931,

9930, 9920 identified patients diagnosed with AML during

the years between 1999 and 2008, inclusive.

In addition to primary diagnosis, the dataset contains

demographic (race/ethnicity, gender, age at the time of

diagnosis, and year of diagnosis) and other clinical pre-

dictor variables (date at last follow-up, the presence of

specific cytogenetic factors). Genetic mutations t(8;21) and

t(11q23), and the acute promyelocytic leukemia (APL)

subtype of acute myelogenous leukemia were the genetic

mutations available in SEER and also identified by ICD-O3

code. Records with missing race/ethnicity data and those

with American Indian/Alaskan Native (AI/AN) race were

excluded from analysis due to small numbers and poten-

tially unreliable estimates. Records with incomplete cate-

gorization of acute leukemia were also excluded. The

primary outcome for the study was overall survival.

Data analysis

SAS software, version 9.2 (Cary, NC. March 2008), was

used to perform all analyses. Chi-squared analysis was

used to compare distribution of ALL, AML, and genetic

translocations across demographic categories. Kaplan–

Meier survival curves were generated to compare survival

across various subgroups (race/ethnicity, age) and to

compare survival in each subtype of acute leukemia. The

Kaplan–Meier curves capture patients up to 10 years after

diagnosis.

Cox proportional hazard models were constructed to

predict the hazard of 1- and 5-year mortality. The models

were adjusted for age, gender, and year of diagnosis. Year

of diagnosis was included in the models to account for

historical changes in treatment protocols that may confer

improved outcome for those treated after 1995 [20]. After

assessing baseline mortality risk, the models were further

adjusted for the specified genetic mutations. Patients

without death records were censored at the last date of

known information regarding the patient (the last date of

follow-up). Results were considered significant when point

estimates were not equal to 1, the associated confidence

intervals excluded 1, and when the associated p value was

\0.05. All tests of significance were two-tailed. The pro-

portionality assumption was tested by a thorough analysis

of the Schoenfield residuals [21].

Results

Cohort demographics

A total of 40,951 cases of acute leukemia were identified

during the years under study. Of those, 1,949 (4.76 %)

records were excluded due to unknown race/ethnicity,
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AI/AN race/ethnicity, and incomplete categorization of

subtype of leukemia. A final cohort of 39,002 records were

retained for analysis. Among survivors, the median follow-

up was 39 months as compared to the entire cohort where

follow-up was 8 months.

Table 1 shows the demographics of the study cohort.

There were 27,525 (71 %) patients with AML and 11,477

(29 %) patients with ALL. In both subtypes, the majority of

patients were male (53.9 % with AML and 56.2 % with

ALL). There were differences in the distribution of disease

by age group. There were approximately 60 % of patients

with AML above age 60, compared to 13 % of patients with

ALL. There were a higher proportion of patients with ALL

under age 21 (61.8 %) compared with AML (6.7 %). By

race, there were a higher proportion of whites with both

subtypes of disease (73.6 % of AML and 54.2/5 % of ALL).

Distribution of genetic factors in AML

Table 2 shows the distribution of the genetic factors under

study. The most prevalent of the three factors was the APL

subtype of AML. Approximately 7 % of patients with

AML had this mutation. APL was more prevalent among

females (8.1 %) than males (6.7 %). By age, APL was

more prevalent in patients younger than 41 (33 %). APL

was more prevalent in blacks (8.9 %) and Hispanics

(13.4 %), compared to other races/ethnicities.

Translocations (8;21) and (11q23) occurred in 2 % of

AML cases. There were no gender-based differences noted

for the translocation t(8;21) and t(11q23). These mutations

occurred at higher rates in patients less than age 41 and in

Asian/Pacific Islanders (API) subgroups.

Leukemia survival by subtype

Patients with AML had a worse overall survival than

patients with ALL across the entire cohort (Fig. 1). Over-

all, for all ages, the unadjusted survival in AML was worse

for whites (Fig. 2). In comparison with AML, black and

Hispanic patients with ALL have worse survival as com-

pared to whites, across all age categories (Fig. 3).

Leukemia mortality and race

Cox Proportional Hazard models, adjusted for gender, age,

race/ethnicity, and year of diagnosis, predict the hazard of

mortality (HR) in both AML and ALL. Models for 1-year

mortality did not differ from models for 5-year mortality (not

shown). Table 3 shows estimates of 5-year mortality, as well

as stratified outcomes by leukemia subtype. There was a

small survival advantage associated with female gender (HR

0.95, 95 % CI 0.93–0.97, p \ 0.01). The risk of mortality

increased with increasing age. Overall, black race and His-

panic ethnicity were associated with a 17 and 13 % increase

risk of death, respectively. There was no significant mortality

difference between white and aggregated API populations.

In a subsequent analysis, stratified by gender, age, race, and

year of diagnosis, the survival disparity for blacks and

Table 1 Cohort demographics and distribution of acute leukemia and

genetic mutations (acute leukemia, SEER 1999–2008)

Acute leukemia n (%) AML n (%) ALL n (%)

Total 39,002 (100) 27,525 (70.6) 11,477 (29.4)

Gender

Male 21,297 (54.6) 14,845 (53.9) 6,452 (56.2)

Female 17,705 (45.4) 12,680 (46.1) 5,025 (43.8)

Age

\21 8,920 (22.9) 1,833 (6.7) 7,087 (61.8)

21–40 4,231 (10.8) 2,751 (10.0) 1,480 (12.9)

41–60 7,766 (19.9) 6,331 (23.0) 1,435 (12.5)

61–80 12,783 (32.8) 11,642 (42.3) 1,141 (9.9)

[80 5,302 (13.6) 4,968 (18.1) 334 (2.9)

Race

White 26,480 (67.9) 20,264 (73.6) 6,216 (54.2)

Black 2,797 (7.2) 2,075 (7.6) 722 (6.3)

Hispanic 6,599 (16.9) 3,030 (11.0) 3,569 (31.1)

API 3,126 (8.0) 2,156 (7.8) 970 (8.5)

SEER Surveillance Epidemiology and End Results, AML acute

myelogenous leukemia, ALL acute lymphocytic leukemia, API Asian/

Pacific Islander

Table 2 Distribution of acute myelogenous leukemia genetic muta-

tions (acute leukemia, SEER 1999–2008)

AML n (%) t(8;21)

n (%)

t(11q23)

n (%)

t(15;17) APL

n (%)

Total 27,525 (100) 382 (1.4) 169 (0.6) 2,023 (7.4)

Gender

Male 14,845 (53.9) 219 (1.5) 84 (0.6) 1,001 (6.7)

Female 12,680 (46.1) 163 (1.3) 85 (0.7) 1,022 (8.1)

Age

\21 1,833 (6.7) 44 (2.4) 23 (1.3) 237 (12.9)

21–40 2,751 (10.0) 65 (2.4) 22 (0.8) 548 (19.9)

41–60 6,331 (23.0) 105 (1.7) 36 (0.6) 695 (11.0)

61–80 11,642 (42.3) 137 (1.2) 60 (0.5) 465 (4.0)

[80 4,968 (18.1) 31 (0.6) 28 (0.6) 79 (1.6)

Race

White 20,264 (73.6) 269 (1.3) 125 (0.6) 1,276 (6.3)

Black 2,075 (7.6) 29 (1.4) 8 (0.4) 184 (8.9)

Hispanic 3,030 (11.0) 41 (1.4) 19 (0.6) 407 (13.4)

API 2,156 (7.8) 43 (2.0) 17 (0.8) 156 (7.2)

SEER Surveillance Epidemiology and End Results, AML acute

myelogenous leukemia, t(8;21) translocation 8;21; t(11q23) translo-

cation 11q23, t(15;17) APL translocation 15;17 Acute promyelocytic

leukemia, API Asian/Pacific Islander
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Hispanics persisted. However, the degree of disparity between

the AML and ALL was marked. Table 3 shows that in com-

parison with whites, blacks, and Hispanics with AML had a 12

and 6 % increased hazard of death, respectively. The proba-

bility of death for these same groups with ALL was nearly 50 %

greater than that for whites [(HRblk 1.45; 95 % CIblk 1.28–1.65;

HRHisp 1.46; 95 % CIHisp 1.36–1.57)]. There was no significant

difference in outcome for API groups as compared to whites.

AML, Genetic mutations, survival, and race

Table 4 shows results of testing the relationship between

genetic mutations and survival. There is no significant

association between mutation 11q23 and mortality. How-

ever, a significant and protective association was noted for

t(8;21) (HR 0.75; 95 % CI 0.66–0.86) and t(15;17), APL (HR

0.47; 95 % CI 0.44–0.51). Although a higher percentage of

blacks and Hispanics had these positive prognostic genetic

mutations, adjustment for these factors did not decrease the

high mortality rates for those groups with AML. The mor-

tality disparity in AML was increased for blacks and His-

panics with APL as compared with whites.

Discussion

In the current study, we described the correlation between

race/ethnicity and mortality in acute leukemia, with

Fig. 1 Kaplan Meier survival curves (acute leukemia, SEER,

1998–2008). ALL acute lymphocytic leukemia, AML acute myelog-

enous leukemia, SEER Surveillance Epidemiology and End Results

Fig. 2 Kaplan Meier survival curves acute myelogenous leukemia by

race, (acute leukemia, SEER, 1999–2008). SEER Surveillance

Epidemiology and End Results

Fig. 3 Kaplan Meier survival curves acute lymphocytic leukemia by

race (acute leukemia, SEER, 1999–2008). SEER Surveillance Epide-

miology and End Results

1834 Cancer Causes Control (2012) 23:1831–1837

123



attention to stratified outcomes in two distinct disease

subtypes (AML and ALL). This is the first national study to

address this question in all populations on a national level.

We have several novel findings from this investigation.

First, to our surprise, we found that despite the less

intensive course of therapy, a diagnosis of AML was

associated with decreased overall survival as compared to

ALL. We also found a disparity in survival for blacks and

Hispanics with both subtypes of disease. Despite the better

outcomes overall for patients with ALL, the disparities gap

was much wider for patients with a diagnosis of ALL than

AML. We also found that despite the higher prevalence of

favorable genetic markers in blacks and Hispanics, there

was no survival advantage, and no positive impact on

disparities by accounting for these factors.

Our study is consistent with previous findings in the

pediatric literature that show lower survival after a diag-

nosis of acute leukemia among black and Hispanic children

compared with whites [7, 9, 12]. These results are also

consistent with the few studies in the adult literature that

find similar survival disparities in this age group [13, 14,

17]. Thus, racial and ethnic outcomes in acute leukemia are

Table 3 Hazard of mortality, all leukemia and stratified by subtype (acute leukemia, SEER 1999–2008)

All acute LEUKEMIA

HR (95 % CI)

p value AML HR (95 % CI) p value ALL HR (95 % CI) p value

Gender

Male 1.00 (Referent) 1.00 (Referent) 1.00 (Referent)

Female 0.95 (0.93, 0.97) \0.0001 0.96 (0.93, 0.98) 0.002 0.92 (0.86, 0.98) 0.01

Age

\21 1.00 (Referent) 1.00 (Referent) 1.00 (Referent)

21–40 3.18 (2.98, 3.39) \0.0001 1.28 (1.16, 1.40) \0.0001 5.08 (4.62, 5.60) \0.0001

41–60 5.37 (5.08, 5.68) \0.0001 2.21 (2.04, 2.39) \0.0001 8.44 (7.70, 9.25) \0.0001

61–80 11.5 (10.9, 12.2) \0.0001 4.47 (4.33, 5.06) \0.0001 17.3 (15.7, 18.9) \0.0001

[80 20.8 (19.6, 22.0) \0.0001 8.21 (7.57, 8.91) \0.0001 35.2 (30.7, 40.3) \0.0001

Race

White 1.00 (Referent) 1.00 (Referent) 1.00 (Referent)

Black 1.17 (1.12, 1.23) \0.0001 1.12 (1.06, 1.18) \0.0001 1.45 (1.28, 1.65) \0.0001

Hispanic 1.13 (1.08, 1.17) \0.0001 1.06 (1.01, 1.11) 0.01 1.46 (1.36, 1.57) \0.0001

API 0.97 (0.92, 1.02) 0.22 0.96 (0.91, 1.01) 0.1 1.06 (0.94, 1.20) 0.33

Models also adjusted by year of diagnosis (continuous)

SEER Surveillance Epidemiology and End Results, AML Acute myelogenous leukemia, ALL Acute lymphocytic leukemia, API Asian/Pacific

Islander

Table 4 Hazard of mortality, adjusted by select genetic mutations (acute myelogenous leukemia, SEER 1999–2008)

AML HR (95 %

CI)

p value t(8;21) HR (95 %

CI)

p value t(11q23) HR (95 %

CI)

p value t(15;17) APL HR

(95 % CI)

p value

Race

White 1.00 (Referent) 1.00 (Referent) 1.00 (Referent) 1.00 (Referent)

Black 1.12 (1.06, 1.18) \0.0001 1.12 (1.06, 1.18) \0.0001 1.12 (1.06, 1.18) \0.0001 1.13 (1.07,1.19) \0.0001

Hispanic 1.06 (1.01, 1.11) 0.01 1.06 (1.01, 1.11) 0.02 1.06 (1.01, 1.11) 0.01 1.08 (1.03, 1.14) 0.001

API 0.96 (0.91, 1.01) 0.1 0.96 (0.91, 1.01) 0.11 0.96 (0.91, 1.01) 0.1 0.95 (0.90, 1.00) 0.07

Genetic factors

t(8;21) 0.75 (0.66, 0.86) \0.001 – – – –

t(11q23) – 0.95 (0.79, 1.14) 0.56 – –

t(15;17)

APL

– – – – 0.47 (0.44, 0.51) \0.001

Models also adjusted by age, gender, year of diagnosis (continuous)

SEER Surveillance Epidemiology and End results, AML acute myelogenous leukemia, t(8;21) translocation 8;21, t(11q23) translocation 11q23,

t(15;17) translocation 15;17, APL acute promyelocytic leukemia, API Asian/Pacific Islander
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similar to those found in solid tumors. Our study has also

uncovered an epidemiologic paradox that has been

observed in other malignancies. While the incidence of

acute leukemia in US black and Hispanic populations is

lower relative to whites, the mortality rates are notably

higher by comparison. This has been best studied in Afri-

can American populations with breast cancer [22]. It is

unclear from the current study, why this paradox exists.

Our findings are in contrast to studies that do not show a

disparity in AML [15] or ALL [23]. Previous studies in

acute leukemia largely reflect single-institution experience,

in trial-based populations [15], or have focused on out-

comes only among children [23]. By comparison, our work

is novel because of the use of all-age inclusive national

data. In light of our findings at the national level, previous

studies that do not show disparities within hospitals may

suggest a stronger effect of differences in outcome between

hospitals.

Our findings are also novel in that we could not show a

significant impact on disparities after adjusting the models

for certain genetic factors which are associated with a more

positive prognosis. The current findings are somewhat

surprising, because despite the higher prevalence of the

APL mutation in black and Hispanic subgroups of all ages,

no protective effect was noted for either group. This is

concerning, in part, because the protective effect is con-

ferred by enhanced susceptibility to appropriate treatment.

This may suggest that the treatment of acute leukemia,

such as treatment for other cancers (hepatocellular; colo-

rectal, head, and neck), may be delivered differentially to

black and Hispanic patients in the United States [22–25].

Limitations

This study has some limitations that should be considered

when interpreting the results. First, the study is a retro-

spective, cross-sectional analysis. As such, we cannot make

any claims about causation. There are also limitations

related to the use of the SEER database. Because it is a

national dataset, assignation of race and ethnicity has not

been uniform. There are no current studies critiquing the

acquisition of race data in SEER, nor with any methods to

impute self-identified race. The SEER set also lacks certain

relevant information such as details about treatment and

patient level socioeconomic status (SES) information.

These data are not routinely collected (treatment data), or

are not collected at the patient level. Thus, our ability to

further describe the effects of these factors on outcomes in

also limited. As with many other cancers, SES is an

important factor that has been demonstrated to play a large

role in outcomes. This is very important because there is a

growing recognition of the conflation of minority race with

low SES and that socioeconomic factors alone may explain

observed disparities by race/ethnicity. This may also be

true for acute leukemia, and therefore, the effect of these

factors should be studied in the future.

Patients lost to follow-up in our analysis were 6 % at 1

year and approximately 15 % at 5 years. Hispanic and

A/PIs had the highest attrition rates—approximately 4 %

higher than whites and blacks at 1 year and 6 % higher at

5 years. In general, the patients who were censored tended

to be younger, thus the mortality hazards for Hispanics and

A/PIs, who account for many of the younger patients in the

cohort, may be slightly overestimated. For blacks and

whites, attrition rates were the lowest and therefore the

results reported for blacks are not influenced by attrition

bias. Despite such attrition rates, the study was still well

powered, given the large sample of the study, to detect

differences in hazards of mortality between racial/ethnic

groups. Further, Schoenfeld residual tests of proportional-

ity showed that the models did not violate the proportion-

ality assumption. For APL, however, the slight violation

was minor and has a very minimal impact on the overall

estimate considering that APL shows a highly significant

difference.

Finally, there may be other important genetic factors in

addition to those we analyzed in the current study including

NPM1, FLT3, inversion or trisomy 13. These factors were

not assessed because currently, they are not routinely col-

lected by SEER registries. Thus, the factors selected for

study were limited to those available in SEER and as guided

by the World Health Organization classification scheme for

acute leukemia. The recorded cases of t(8;21) and t(11q23)

were small (2 %) compared to the national reported prev-

alence (4–8 %) [26, 27]. Capture of cases with APL (7 %)

was consistent with previously reported prevalence repre-

sented the national epidemiological average (5–7 %). This

is a known limitation of the SEER database and calls

attention to the need for improved clinical coding in US

cancer registry data systems [20, 26, 27].

Conclusions

Despite these limitations, our work is important because

while solid tumor disparities have been previously descri-

bed, there has been little published literature investigating

disparities in hematologic malignancies. Our findings

emphasize that disparities may not be just clinically driven,

but likely represent a complex interplay of factors. This is

highly important for future research to investigate the

reasons associated with worse outcomes among black and

Hispanic populations with acute leukemia.
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