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Abstract

Clinical outcome of patients with acute myeloid leukemia (AML) is associated with cytogenetic 

and molecular factors and patient demographics (e.g., age and race). We compared survival of 

25,523 Non-Hispanic Black and White adults with AML using Surveillance Epidemiology and 

End Results (SEER) Program data, and performed mutational profiling of 1,339 AML patients 

treated on frontline Alliance for Clinical Trials in Oncology (Alliance) protocols. Black patients 

had shorter survival than White patients, both in SEER and in the setting of Alliance clinical trials. 

The disparity was especially pronounced in Black patients <60 years, after adjustment for 

socioeconomic (SEER) and molecular (Alliance) factors. Black race was an independent 

prognosticator of poor survival. Gene mutation profiles showed fewer NPM1 and more IDH2 
mutations in younger Black patients. Overall survival of younger Black patients was adversely 

affected by IDH2 mutations and FLT3-ITD, but, in contrast to White patients, was not improved 

by NPM1 mutations.
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INTRODUCTION

Approximately 20,000 adults in the United States are diagnosed with acute myeloid 

leukemia (AML) each year, rendering it the most common acute leukemia in adults 

[Surveillance, Epidemiology, and End Results (SEER) Program (www.seer.cancer.gov) 

SEER*Stat Database: Incidence - SEER 9 Regs Research Data, Nov 2018 Sub (1975–2016) 

<Katrina/Rita Population Adjustment> - Linked To County Attributes - Total U.S., 1969–

2017 Counties, National Cancer Institute, DCCPS, Surveillance Research Program, released 

April 2019, based on the November 2018 submission; ref. 1]. AML is a clonal disorder of 

hematopoiesis characterized by genetic and epigenetic alterations leading to a block in 

differentiation of myeloid progenitors and accumulation of leukemic blasts in the bone 

marrow (BM) and blood (2,3). Overall survival for AML patients remains poor as 

approximately 20% to 30% of patients never achieve complete remission (CR) following 

intensive frontline treatment and 50% of patients relapse following achievement of CR, 

typically within 2 or 3 years after diagnosis (3,4). A number of pretreatment factors, both 

disease- and patient-specific, affect prognosis. The former include cytogenetic findings at 

diagnosis (5–8) and select gene mutations (9–16). Among the patient-specific 

characteristics, older age at diagnosis, typically defined as ≥60 years, is a well-recognized 
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independent predictor of worse survival (17), and several studies have demonstrated Black 

race to be associated with worse survival (18–21). This is in line with cancer outcomes in 

other malignancies, where Black patients consistently fare worse than White patients (22–

26).

The roles of socioeconomic factors (27–29) and cytogenetic findings (using standard 

karyotyping; ref. 21) in creating survival disparities between the Black and White patients 

with AML have been examined previously. However, to our knowledge, neither the 

mutational landscape of Black AML patients nor the impact of gene mutations on their 

outcomes have been rigorously studied.

In this study, we first conducted a population based analysis of AML patients using the 

Surveillance Epidemiology and End Results (SEER) Program of the National Cancer 

Institute to determine the influence of age and other socioeconomic factors on survival 

disparities between Non-Hispanic Black and Non-Hispanic White (hereafter referred to as 

Black and White, respectively) adults with AML. Moreover, given the importance of genetic 

features (6–16), we have also assessed the impact of pretreatment cytogenetic and molecular 

features on outcomes of AML patients treated on Cancer and Leukemia Group B (CALGB)/

Alliance for Clinical Trials in Oncology (Alliance) protocols with respect to self-reported 

race.

RESULTS

Survival of Black and White AML Patients Included in SEER Registries and the Impact of 
Socioeconomic Features

The collection of SEER registries contained 9,430 patients younger than 60 years and 

16,093 patients aged ≥60 years diagnosed with AML. Because younger patients typically 

receive more intensive chemotherapy than older patients, we performed all outcome analyses 

separately for each age group.

The cohort of younger patients was comprised of 1,356 Black and 8,074 White patients. 

Their demographic and socioeconomic features are shown in Table 1. Black patients were 

younger at diagnosis than Whites (median age, 45 vs. 48 years; P<0.001). A higher 

percentage of Black patients resided in metropolitan areas (94% vs. 88%, P<0.001) and their 

family income was below the poverty level more often than White patients (13% vs. 8%, 

P<0.001).

Compared with younger White AML patients, Black patients had a significantly shorter 

overall survival (OS; 3-year rates, 34% vs. 43%, P<0.001; Supplementary Table 1; Fig. 1A). 

In multivariable analyses for OS of younger AML patients, Black patients were found to 

have a 27% higher risk of death compared with White patients (P<0.001; Supplementary 

Table 2) after adjustment for age, sex, metropolitan area residential status, measure of 

poverty and decade of diagnosis (Fig. 1B). Survival of younger AML patients generally 

improved over time (Supplementary Fig. 1A). However, although the OS of Black and 

White patients was not significantly different among patients diagnosed between 1986 and 

1995 (P=0.19; Supplementary Fig. 1B), in the two decades since then the OS of Black 
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patients became significantly shorter compared with OS of White patients (Supplementary 

Fig. 1C and 1D).

The cohort of older patients included 1,258 Black and 14,835 White patients (Table 1). 

Survival of older Black AML patients was also worse compared to older White patients, 

with 3-year OS rates of 9% and 11%, respectively (P=0.02; Supplementary Table 1; Fig. 

1C). While this finding is consistent with the generally poor survival of older AML patients, 

the difference in outcome was less pronounced than in younger patients. Multivariable 

analyses revealed a higher risk of death for Black patients than White patients (HR 1.11, 

P<0.001) once adjusted for age, sex, measure of poverty and decade of diagnosis (Fig. 1D, 

Supplementary Table 3). Similar to younger patients, the outcomes of older patients also 

improved over time (Supplementary Fig. 2A to 2D).

Clinical and Molecular Characteristics of AML Patients Treated on CALGB/Alliance 
Protocols with Respect to Self-Reported Race

Clinically, there were only few differences in pretreatment features, with Black AML 

patients under the age of 60 tending to be younger than White patients (median age, 41 vs. 

46 years, P=0.06, Table 2). Among patients aged 60 years and older, Black patients had 

higher percentages of BM blasts (79% vs. 66%, P=0.03) and did not present with 

extramedullary involvement (0% vs. 23%, P=0.01).

Mutational analysis demonstrated several molecular differences between Black and White 

patients in the younger age group, but not among older patients (Fig. 2A, Supplementary 

Table 4). Among younger patients, NPM1 and WT1 mutations were less frequently detected 

in Black patients than in White patients (NPM1, 25% vs. 38%, P=0.04; WT1, 3% vs. 10%, 

P=0.05). In contrast, mutations in IDH2 (17% vs. 8%, P=0.03), and PIK3CD (4% vs. 1%, 

P=0.04) were more frequently detected in Black AML patients. Assignment to favorable, 

intermediate or adverse genetic-risk groups based on cytogenetic findings and selected gene 

mutation status, as defined by the 2017 European LeukemiaNet guidelines (2), did not differ 

significantly between races in either younger or older patients with AML (Table 2).

Outcome of Younger Black and White AML Patients Treated on CALGB/Alliance Protocols

Patients aged <60 years enrolled onto CALGB/Alliance study protocols all received 

comparable, anthracycline-based induction therapy and no allogeneic stem-cell 

transplantation (allo-SCT) in first CR per protocol, allowing us to assess whether access to 

uniform treatment in the setting of clinical trials might abrogate the survival outcome 

differences. The CR rate for both Black and White patients was 71%, indicating identical 

response to intensive induction therapy. Additionally, death within the first 30 days of 

induction was also similar (10% vs. 6%, P=0.20; Table 3). However, survival of younger 

Black patients was worse, with 25% of Black AML patients disease-free and 29% alive 3 

years after diagnosis, compared with, respectively, 38% and 42% of White patients [disease-

free survival (DFS), P=0.02, Fig. 2B; OS, P=0.02, Fig. 2C). Relapse rates were also slightly 

higher in Black AML patients compared to White patients (71% vs. 59%, P=0.14). Of note, 

there was no significant difference in the number of consolidation cycles between Black and 

White AML patients (P=0.09).
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Next, we evaluated whether Black race impacted patient survival independent of other 

established risk factors. Indeed, in multivariable analyses of OS, Black race was associated 

with worse OS compared with White race, with Black patients having a 40% higher 

likelihood of death compared with White patients (P=0.02), after adjustment for white blood 

cell count, age, internal tandem duplication of the FLT3 gene (FLT3-ITD) and NPM1 
mutation status (Fig. 2D, Supplementary Table 5). In multivariable analyses for CR 

achievement and DFS, race did not remain in the models.

Outcome of Younger Black and White AML Patients Treated on CALGB/Alliance Protocols 
in the NPM1-mutated/FLT3-ITDlow/no Molecular Low-Risk Group

Notably, the survival disparity of Black AML patients was especially pronounced in patients 

harboring NPM1 mutations, the presence of which, without a concurrent FLT3-ITD with 

high allelic ratio, confers a good prognosis in AML patients. Whereas the 3-year DFS and 

OS rates of NPM1-mutated White AML patients were 41% and 47%, respectively, they were 

only 23% (P=0.009) and 17% (P<0.001) in Black AML patients (Fig. 3A and B). As co-

existing mutations are known to modify the impact of NPM1 mutations on patient survival 

(14), we assessed the frequencies of co-occurring mutations in Black and White NPM1-

mutated patients (Fig. 3C) as well as the mutations’ variant allele fractions in Black AML 

patients (Fig. 3D). Assessment of NPM1-co-occurring mutations did not reveal any 

noticeable differences in the frequencies between Black and White patients, at least with 

respect to known recurrent AML-associated variants.

Because the presence or absence of a high allelic ratio of FLT3-ITD alters the favorable 

prognostic impact of NPM1 mutations, we compared the survival of Black and White 

patients with NPM1 mutations and no or low allelic ratio FLT3-ITD (FLT3-ITDlow/no), who 

comprise the majority of favorable-risk AML patients (64%). Although sample sizes were 

small, Black NPM1-mutated/FLT3-ITDlow/no patients had substantially poorer survival 

compared to White NPM1-mutated/FLT3-ITDlow/no patients (Fig. 4A and 4B). Given the 

poor survival of Black NPM1-mutated AML patients included in the 2017 European 

LeukemiaNet (ELN; ref. 1) favorable-risk group, we next analyzed the outcomes of the non-

NPM1-mutated patients classified as 2017 ELN favorable-risk [i.e., patients with biallelic 

CEBPA mutations and those with inv(16)(p13.1q22) or t(8;21)(q22;q22)]. We found no 

significant difference in the survival between Black and White patients in this non-NPM1-

mutated 2017 ELN favorable-risk subset, suggesting that the disparity between Black and 

White patients is specific to the NPM1-mutated/FLT3-ITDlow/no patients (Fig. 4C and 4D). 

Similarly, there were no significant differences in the survival of Black and White AML 

patients belonging to the 2017 ELN intermediate- or adverse-risk groups (Supplementary 

Figs. 3A–D).

Impact of Molecular Features on the Outcome of Younger Black AML Patients

To identify clinical and molecular features that impact the outcome of Black AML patients, 

we performed univariable and multivariable outcome analyses in the CALGB/Alliance 

cohort of younger Black patients. These analyses did not identify any molecular features 

associated with achievement of CR or DFS. However, Black patients harboring FLT3-ITD or 

IDH2 mutations had a higher risk of death than Black patients without these mutations in 
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multivariable analysis (FLT3-ITD, HR=1.95, P=0.03; IDH2, HR=2.17, P=0.008; 

Supplementary Table 6). There were no significant differences in DFS or OS between Black 

NPM1-mutated and NPM1 wild-type patients (Supplementary Fig. 4A and 4B). In fact, 

Black patients with NPM1 mutations tended to have a shorter OS than those with wild-type 

NPM1 alleles (P=0.08).

DISCUSSION

Over the past two decades, the biologic underpinnings of AML have become better defined 

with the discovery of recurrent molecular abnormalities. The subsequent use of next-

generation sequencing to better stratify patients according to their genetic risk based on 

pretreatment cytogenetic and molecular characteristics can aid in treatment selection. 

Recently, remission rates and survival have improved, especially for younger AML patients. 

However, these advances have not helped to address survival disparities between Black and 

White AML patients. Socioeconomic disparities and structural racism have been previously 

identified as major contributors to poor outcomes of Black patients diagnosed with AML 

and for Black patients suffering from other malignancies (19,29–31). Although differences 

in mutation patterns between Black and White patients with other malignancies have been 

reported (22–26,32), our study is, to our knowledge, the largest to comprehensively evaluate 

the mutational landscapes of Black and White patients with AML, with respect to both 

frequencies of specific mutations and their impact on patient survival. This suggests that 

molecular features may constitute a, thus far, underappreciated factor potentially influencing 

survival disparities between Black and White AML patients.

The SEER registry data we present herein show that overall survival of both younger and 

older Black patients is significantly shorter than survival of White patients, and, for younger 

patients only, the outcome disparity, which was observed during 1996–2005 was more 

accentuated during the most recent 2006–2015 timeframe. This indicates that Black AML 

patients have not benefitted from recent advances to the same degree as White patients. 

Younger Black patients under the age of 60 years had a 27% higher risk of dying compared 

with White patients, which is even higher than previous studies (20). Given a greater 

proportion of Black families with income below poverty levels and a higher percentage of 

Black patients having Medicaid health insurance, which could affect access to and 

compliance with medical care, these results support the contribution of demographic and 

socioeconomic factors to the survival disparity. As SEER data do not provide information 

about treatment received by the patients, including the availability of salvage therapies or 

supportive care. Consequently, the reasons for the recent survival improvement in White 

AML patients (and the lack thereof in Black AML patients) cannot be fully elucidated by the 

SEER analyses.

Our analyses of the Alliance data, however, which depict the survival outcomes of AML 

patients enrolled in clinical trials of CALGB/Alliance over the past three decades, 

demonstrate inferior survival of Black patients even in the setting of clinical trials and 

provide further clues about contributing factors to the observed, persistent survival 

disparities. Despite similar consolidation therapies, the reduced DFS and OS suggest a 
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contribution of differences in disease biology to further impact on the poor outcomes, in 

addition to differences in socioeconomic factors.

Indeed, our data show that Black patients harbored NPM1 mutations less frequently than 

White patients and NPM1-mutated Black patients had significantly worse OS than NPM1-

mutated White patients. Because younger NPM1-mutated patients (in the absence of FLT3-

ITD) who achieve clearance of the NPM1 mutation during remission are usually not 

considered for more intensive treatment such as allo-SCT (33), these risk discrepancies have 

additional implications for Black AML patients. Notably, we found no significant 

differences in the survival of Black and White AML patients belonging to the non-NPM1-

mutated 2017 ELN favorable-risk group, nor did we find significant survival differences 

between Black and White AML patients classified in the intermediate- or adverse-risk 

groups. Thus, the poorer outcomes of Black AML patients may be driven, at least in part, by 

the poor survival of the NPM1-mutated/FLT3-ITDlow/no patients. Although, given the 

relatively small patient numbers, follow-up studies are necessary to validate these findings, 

our data may indicate the need for additional or different consolidation treatment in this 

specific patient cohort.

The lower frequency of mutations in NPM1 and WT1, and the higher frequency of 

mutations in clonal hematopoiesis-associated genes such as IDH2 in Black AML patients 

suggest differences in the genetic basis of the disease. Additionally, the higher frequency of 

IDH2 mutations observed in Black patients is especially relevant given the recent approval 

of targeted IDH2 inhibitor therapy for relapsed/refractory IDH2-mutated AML (34), and 

ongoing studies demonstrating potential of IDH2 inhibitors to improve response rates in the 

frontline setting as well (35).

A few studies that examined racial disparities by assessing differences in treatment 

approaches, found that Black patients were less likely to receive intensive chemotherapy or 

allo-SCT compared with White patients (19,36). However, because the patients included in 

the CALGB/Alliance studies received similar treatment and did not, per protocol, undergo 

allo-SCT in first complete remission, differences in treatment and consolidation intensities 

cannot fully explain the disparity found in our study. This is further supported by the poor 

outcomes of Black as compared with White patients in the group of NPM1-mutated/ FLT3-

ITDlow/no patients, who are not routinely offered allo-SCT in first complete remission. Other 

potential reasons for the outcome disparity that merit further evaluation include patient-

associated factors such as co-morbidities and pre-treatment performance status, and 

additional disease-specific features such as potential influence of novel mutations in genes 

not included in the gene-panel used in this study. Possible differences in follow-up care 

between Black and White patients that were not assessed in this study should also be 

considered for future disparities work.

In summary, our study shows that survival disparities for Black AML patients persist even in 

the era of improved understanding of the disease and refined genomic classification of AML. 

This is particularly noticeable for younger patients, who, in general, have a higher chance of 

cure. Given the observed differences in gene mutation profiles and the associations between 

specific gene mutations and outcome, it is imperative that both socioeconomic factors and 
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differences in disease biology are taken into account in order to more appropriately tailor the 

care of Black AML patients and, ultimately, resolve this survival disparity.

METHODS

Patients and Treatment

We used the SEER Program of the National Cancer Institute to identify 25,523 adults aged 

≥18 years diagnosed with AML (excluding acute promyelocytic leukemia) between 1986 

and 2015 and included in one of nine SEER registries (www.seer.cancer.gov). We removed 

all duplicate patients and subset on patients with AML as their only or first primary disease. 

All patients with possible treatment-related AML or AML associated with Down syndrome 

were also excluded. Demographic (e.g., age, sex, self-reported race) and clinical (e.g., 

survival, year of diagnosis) information and insurance status were obtained from SEER, as 

was metropolitan/non-metropolitan county residence and a county-level variable indicating 

poverty level (see Supplementary Data for further details).

We also analyzed 1,339 adult AML patients (including 95 self-reported Black and 1,244 

White) who were treated on frontline CALGB/Alliance protocols. Almost all of these 

patients received intensive cytarabine and daunorubicin or idarubicin-based induction 

treatment on CALGB/Alliance trials between 1986 and 2015. Details regarding these trials 

are provided in the Supplementary Data. No patient received allo-SCT in first CR on study 

protocols, and off-study patients who received an allo-SCT in first CR were excluded from 

the outcome analyses due to missing follow up data.

Institutional Review Board (IRB) approval of all CALGB/Alliance protocols, and IRB 

exemption for SEER data analyses, were obtained before any research was performed. 

Patients provided study-specific written informed consent to participate in treatment studies 

(Supplementary Data), and companion studies CALGB 8461 (cytogenetic studies; Trial 

Registration Number: NCT00048958), CALGB 9665 (leukemia tissue bank; 

NCT00899223) and CALGB 20202 (molecular studies; NCT00900224), which involved 

collection of pretreatment BM aspirates and blood samples.

Mutational Profiling

Viable cryopreserved BM or blood cells of patients enrolled onto the CALGB 9665 tissue 

bank protocol were stored for future analyses prior to starting treatment. Mononuclear cells 

were enriched through Ficoll-Hypaque gradient centrifugation and cryopreserved until use. 

Genomic DNA was extracted using the DNeasy Blood and Tissue Kit (QIAGEN, Hilden, 

Germany). The mutational status of 80 protein-coding genes was determined centrally at 

The Ohio State University by targeted amplicon sequencing using the MiSeq platform 

(Illumina, San Diego, CA; ref. 37). Furthermore, testing for CEBPA mutations was 

performed with the Sanger sequencing method (38), thus adding up to a total of 81 genes 

analyzed in our study. All experimental details are provided in the Supplementary Data.
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Clinical Endpoints and Statistical Analysis

Definitions of clinical endpoints, i.e., CR, DFS and OS, are provided in the Supplementary 

Data. Demographic and clinical features of Black and White patients were compared using 

the Fisher’s exact for categorical variables and Wilcoxon rank sum tests for continuous 

variables.

Estimated probabilities of DFS and OS were calculated using the Kaplan-Meier method, and 

the log-rank test evaluated differences between survival distributions (18,39). A limited 

backward selection technique was used to build the final multivariable models for 

achievement of CR, DFS and OS. We used logistic regression for modeling CR and Cox 

proportional hazard regression for modeling DFS and OS for univariable and multivariable 

outcome analyses and adjusted P-values to control for per family error rate. All analyses 

were performed by the Alliance Statistics and Data Center on a database locked on June 9, 

2020 using SAS 9.4 and TIBCO Spotfire S+ 8.2.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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SIGNIFICANCE

We show that Young Black patients have not benefited as much as White patients from 

recent progress in AML treatment in the United States. Our data suggest that both 

socioeconomic factors and differences in disease biology contribute to the survival 

disparity and need to be urgently addressed.
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Figure 1. 
Treatment outcome of non-Hispanic Black and White patients with AML in SEER registries. 

A, overall survival of patients aged <60 years. B, forest plot illustrating multivariable 

analyses of survival of patients aged <60 years. C, overall survival of patients aged ≥60 

years. D, forest plot illustrating multivariable analyses of survival of patients aged ≥60 years.
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Figure 2. 
Mutational landscape and clinical outcome of Black and White patients with AML aged <60 

years who were treated on the CALGB/Alliance study protocols. A, oncoprint of gene 

mutations detected in Black patients. B, disease-free and C overall survival of younger 

Black and White patients. D, forest plot illustrating multivariable analyses of overall survival 

of patients aged <60 years.
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Figure 3. 
Treatment outcome of Black and White patients with AML aged <60 years who were treated 

on the CALGB/Alliance study protocols. A, disease-free and B, overall survival within 

NPM1-mutated of Black and White patients. C, bar graph depicting frequencies of 

mutations co-existing with NPM1 mutation in Black and White patients with AML. D, a 

bubble plot with co-occurring mutations and associated variant allele frequencies (VAF) 

observed in NPM1-mutated Black AML patients treated on CALGB/Alliance studies. 

Increased bubble sizes indicate higher VAFs/allelic ratio (for FLT3-ITD). Each column 

refers to one individual patient.
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Figure 4. 
Survival of Black and White AML patients aged ≤60 years who were treated on Alliance 

protocols and classified into the 2017 European LeukemiaNet (ELN) favorable genetic-risk 

group. A, disease-free and B, overall survival of NPM1-mutated patients. C, disease-free 

and D, overall survival of non-NPM1-mutated patients [i.e., patients with biallelic CEBPA 
mutations or those harboring inv(16)(p13.1q22) or t(8;21)(q22;q22)].
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Table 1.

Pretreatment characteristics of younger (<60 years) and older (≥60 years) non-Hispanic Black and White 

patients diagnosed with acute myeloid leukemia (AML) included in SEER registries in 1986–2015

Characteristic Younger patients Older patients

Black
n=1,356

White
n=8,074 P

a Black
n=1,258

White
n=14,835 P

a

Age, years <0.001 <0.001

 Median 45 48 72 73

 Range 18–59 18–59 60–85 60–85

Sex, n (%) 0.09 <0.001

 Male 700 (52) 4,368 (54) 609 (48) 8,394 (57)

 Female 656 (48) 3,706 (46) 649 (52) 6,441 (43)

Metro, n (%) <0.001 <0.001

 Yes 1,272 (94) 7,124 (88) 1,170 (93) 12,849 (87)

 No 84 (6) 950 (12) 88 (7) 1986 (13)

Insurance, n (%) <0.001 <0.001

 Insured 375 (28) 2,604 (32) 466 (37) 5,596 (38)

 Any Medicaid 218 (16) 527 (7) 104 (8) 340 (2)

 Uninsured 58 (4) 130 (2) 13 (1) 67 (0.5)

 Insurance status unknown 705 (52) 4,813 (60) 675 (54) 8,832 (59.5)

Percent of families below poverty level <0.001 <0.001

 Median 13% 8% 13% 9%

 Range 3%−42% 2%−37% 2%−31% 2%−42%

Year of diagnosis, n (%) <0.001 0.002

 1986–1995 160 (12) 1,365 (17) 164 (13) 2,335 (16)

 1996–2005 480 (35) 2,994 (37) 439 (35) 5,478 (37)

 2006–2015 716 (53) 3,715 (46) 655 (52) 7,022 (47)

a
P-values for categorical variables are from Fisher’s exact test, P-values for continuous variables are from the Wilcoxon rank sum test.
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Table 2.

Clinical characteristics of younger (<60 years) and older (≥60 years) Black and White patients with acute 

myeloid leukemia (AML) treated on the CALGB/Alliance study protocols

Characteristic

Younger patients Older patients

Black
n=72

White
n=777 P

a Black
n=23

White
n=467 P

a

Age, years 0.06 0.54

 Median 41 46 69 70

 Range 20–59 17–59 62–92 60–89

Sex, n (%) 0.81 0.40

 Male 38 (53) 424 (55) 11 (48) 267 (57)

 Female 34 (47) 353 (45) 12 (52) 200 (43)

Hemoglobin, g/dL 0.09 0.19

 Median 8.6 9.2 9.1 9.3

 Range 2.3–13.2 3.1–25.1 6.3–11.9 3.0–15.0

Platelet count, ×109/L 0.24 0.19

 Median 56 52 42 60

 Range 16–279 4–648 5–426 4–989

WBC count, ×109/L 0.66 0.75

 Median 25.1 24.6 16.8 24.0

 Range 0.4–308.8 0.6–560.0 1.4–155.9 0.4–450.0

Blood blasts, % 0.25 0.35

 Median 47 56 61 44

 Range 0–98 0–99 4–91 0–99

Bone marrow blasts, % 0.95 0.03

 Median 64 65 79 66

 Range 21–96 2–99 17–99 0–99

Extramedullary involvement, n (%) 17 (26) 200 (27) 1.00 0 (0) 101 (23) 0.01

2017 ELN risk group, n % 0.27 0.13

 Favorable 29 (40) 381 (49) 5 (22) 143 (31)

 Intermediate 16 (22) 169 (22) 3 (13) 121 (26)

 Adverse 27 (38) 227 (29) 15 (65) 203 (43)

Year of diagnosis 0.60 0.84

 1986–1995 12 (17) 103 (13) 2 (9) 60 (13)

 1996–2005 32 (44) 382 (49) 18 (78) 324 (69)

 2005–2015 28 (39) 292 (38) 3 (13) 83 (18)

Cytogenetic group, n (%) 0.23 0.57

 Normal karyotype 27 (38) 401 (52) 9 (39) 235 (50)

 Complex karyotype 8 (11) 57 (7) 6 (26) 75 (16)

  Typical 4 40 2 58

  Atypical 4 17 4 17

 CBF-AML 13 (18) 108 (14) 0 (0) 0 (0)
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Characteristic

Younger patients Older patients

Black
n=72

White
n=777 P

a Black
n=23

White
n=467 P

a

  inv(16)(p13.1q22) 7 71 0 0

  t(8;21)(q22;q22) 6 37 0 0

 t(v;11)(v;q23) 6 (8) 44 (6) 1 (4) 15 (3)

 Other balanced rearrangements 6 (8) 61 (8) 1 (4) 24 (5)

 Unbalanced abnormalities in a 12 (17) 106 (14) 6 (26) 118 (25)

 non-complex karyotype

Abbreviations: ELN, European LeukemiaNet; n, number; WBC, white blood cell.

a
P-values for categorical variables are from Fisher’s exact test, P-values for continuous variables are from the Wilcoxon rank sum test.
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Table 3.

Outcomes of younger (aged <60 years) Black and White acute myeloid leukemia patients treated on the 

CALGB/Alliance study protocols

Outcome
Black patients

n=72
White patients

n=777 P
a

Early death 7 (10) 46 (6) .20

Complete remission 51 (71) 554 (71) 1.00

Relapse rate, n (%) 36 (71) 328 (59) 0.14

Disease-free survival 0.02

 Median, years 0.8 1.4

 Disease-free at 3 years, % (95% CI) 25 (15–38) 38 (34–42)

Overall survival 0.02

 Median, years 1.2 1.8

 Alive at 3 years, % (95% CI) 29 (19–40) 42 (38–45)

Abbreviations: CI, confidence interval.

Note. The median number of cycles of consolidation chemotherapy was 2 (range, 1–4) for Black and 1 (range, 1–4) for White patients (P=0.09).

a
P-values for early death and complete remission are from Fisher’s exact test, P-values for the time to event variables are from the log-rank test and 

compare the two groups: black and white AML patients.
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