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Abstract
Background: It is unclear how inequalities in survival among
children with acute lymphoblastic leukemia (ALL) have changed
over time in different race/ethnicity groups.
Methods: Children diagnosed with a ﬁrst primary malignant
ALL at ages 0 to 19 years in 1975–2010 in the nine Surveillance,
Epidemiology, and End Results cancer registries were included.
Cumulative ALL mortalities were compared, and multivariable
Cox regression analyses were applied to estimate ALL mortality
HRs associated with race/ethnicity, age at diagnosis, and sex,
adjusting for each other, within each diagnosis period (1975–
1983, 1984–1991, 1992–1999, and 2000–2010).
Results: Compared with non-Hispanic-whites (NH-whites),
the HR in non-Hispanic-blacks (NH-blacks) dropped to 1.21
[95% conﬁdence interval (CI), 0.74–1.96] in 2000–2010 from
the largest inequality in 1984–1991 (HR, 2.09; 95% CI, 1.57–
2.79); the HR in Hispanics increased, however, from 1.28 (95%

Introduction
Acute lymphoblastic leukemia (ALL) is the most common
childhood cancer in the United States (1), and one of the most
curable cancers. Treatment advances, such as the introduction of
combination chemotherapy and effective treatment for subclinical central nervous system (CNS) leukemia in the 1960s, and the
development of risk-based therapy placed on well-designed clinical trials in the 1980s (2), have contributed to dramatic improvements in survival among children with ALL. The overall 5-year
survival probability improved from less than 10% in the early
1960s (1) to over 80% in the late 1990s (3). Despite milestones in
survival improvements, previous studies identiﬁed continuing
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CI, 0.98–1.66) in 1975–1983 to 1.95 (95% CI, 1.48–2.58) in
2000–2010. Asian/Paciﬁc Islanders (API) and American Indian/
Alaska Natives (AIAN) had HRs of 1.39 (95% CI, 0.92–2.11) and
2.31 (95% CI, 1.13–4.74), respectively, in 2000–2010 with nonstatistically signiﬁcant increases over time. In 2000–2010, compared with NH-white counterparts, NH-blacks and APIs diagnosed at 1–9 years, Hispanics diagnosed at 1–9 and 10–19 years,
and AIANs diagnosed at 10–19 years all had about twice the ALL
mortality hazard rates; inequality was observed among API boys
(HR, 1.61; 95% CI, 1.00–2.60) but not API girls.
Conclusions: Survival inequalities changed differently across
subgroups of children with ALL.
Impact: Underlying causes of the differential trends need to
be examined, such that targeted interventions can be developed
to reduce inequalities. Cancer Epidemiol Biomarkers Prev; 24(11);
1781–8. 2015 AACR.

inequalities in childhood ALL survival, with adverse prognosis
reported in blacks, Hispanics, American Indian/Alaska Natives
(AIAN), children ages <1 and 10–19 years at diagnosis, and boys
(4–7).
In the 1990s and 2000s, ALL survival further improved
following several medical advances: better precision in treatment with applications of molecular biologic tools (2); a
uniform system of risk classiﬁcation (8); and the merging in
2000 of the Children's Cancer Study Group and the Pediatric
Oncology Group (POG) into the Children's Oncology Group
(COG), providing advanced care for over 90% of U.S. childhood cancer patients (9) and two thirds of childhood ALL
patients (10). Consequently, in 2000–2004, children diagnosed with ALL at 0–14 years in the United States are reported
to have an overall 5-year survival probability of 87.5% as
compared with 80.2% in 1990–1994 (11).
With continued treatment and survival improvement, several
studies have reported decreased inequality in survival among
blacks and whites. For patients enrolled in COG trials, the hazard
ratio of all-cause mortality in blacks relative to whites ages 0 to 21
years was reported to drop from 1.73 in 1990–1994 to 1.37 in
2000–2005 (10). A population-based study also reported narrowed gap in survival between blacks and whites: 5-year survival
rates for blacks and whites, respectively, increased from 56.6%
and 76.3% in 1981–1990 to 86.1% and 88.9% in 2001–2010
(12). However, research is limited regarding how the inequalities
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was categorized as <1, 1–9, and 10–19 years, based on NCIs risk
classiﬁcation for ALL (8).
Follow-up for vital status is conducted by the SEER cancer
registries using linkages to national and state vital statistics
records. Follow-up in this study was through the end of 2011,
with a median follow-up of 8.9 years. Death due to ALL (ALL
mortality) was the primary outcome of interest, which was ascertained based on the SEER cause–speciﬁc death classiﬁcation (17).
Cases who were alive during the follow-up were censored at the
last active follow-up. Those who died of causes not attributable to
ALL had their at-risk status terminated on the date of death. Death
due to all causes was analyzed as the secondary outcome (Supplementary Table S1 and S2).

in survival among children of other race/ethnicity groups
[Hispanics, Asian/Paciﬁc Islanders (API), and AIANs] as compared with whites have changed over time, and whether racial/
ethnic inequalities in survival vary by age at diagnosis and sex.
The current study sought to determine how inequalities in
survival after childhood ALL by race/ethnicity have changed over
the period 1975–2010 and describe the inequality in survival
among U.S. children with ALL by race/ethnicity, age at diagnosis
and sex in the period 2000–2010.

Materials and Methods
Study population
Data were obtained from the original nine population-based
cancer registries in the National Cancer Institute (NCI) Surveillance, Epidemiology, and End Results program (SEER 9). The
SEER 9 registries collected information from nine selected states or
metropolitan areas (Atlanta, Connecticut, Detroit, Hawaii, Iowa,
New Mexico, San Francisco–Oakland, Seattle–Puget Sound, and
Utah) in the United States since 1973, covering approximately
10% of the U.S. population (13). The SEER 9 registries were
selected for this analysis over SEER 13 or 18 registries in order to
compare historical trends of the same population starting from
the 1970s. Cases diagnosed in 1973 and 1974 were not included
because the Seattle-Puget Sound and Atlanta registries joined the
SEER program in 1974 and 1975, respectively. Children diagnosed at ages 0 to 19 years with a ﬁrst primary malignant ALL
during 1975–2010 in SEER 9 registries were included. ALL cases
were ascertained according to the International Classiﬁcation of
Diseases for Oncology, 3rd ed. (14). Six cases identiﬁed through
autopsy/death certiﬁcate, and 47 cases with missing race/ethnicity
information were also excluded.
Race and Hispanic ethnicity data in SEER registries are generally
derived from information abstracted from patients' medical
records and is mainly based on self- or caregiver-report, but may
be based on medical staff observation (15). Hispanic identiﬁcation was additionally enhanced using the North American Association for Central Cancer Registries Hispanic–Latino identiﬁcation algorithm (16), which is based on surnames and birthplace.
Mutually exclusive racial/ethnic categories were deﬁned as: Hispanics, non-Hispanic-whites (NH-whites), non-Hispanic-blacks
(NH-blacks), APIs, and AIANs. Four diagnosis periods (1975–
1983, 1984–1991, 1992–1999, and 2000–2010) were selected to
capture relevant secular trends in treatment improvements and to
allow sufﬁcient follow-up for reliable estimates. Age at diagnosis

Statistical analyses
Characteristics of cases were tabulated and compared among
the ﬁve race/ethnicity groups, using c2 tests. Cumulative ALL
mortalities among cases and their 95% conﬁdence intervals (CI)
were estimated using the cumulative incidence function (18).
Multivariable Cox regression was applied to estimate ALL mortality HRs and their 95% CIs associated with race/ethnicity, sex,
and age at diagnosis, adjusting for each other, stratiﬁed by
diagnosis period. The age-speciﬁc HRs adjusting for sex, and
sex-speciﬁc HRs adjusting for age, associated with race/ethnicity,
stratiﬁed by diagnosis period were also analysed using multivariable Cox regression. Tests of a linear trend in the change of
inequalities with respect to a variable (e.g., race/ethnicity) over
time were performed by treating the four-category diagnosis
period variable as continous in the interaction term of the diagnosis period and the variable in the Cox regression models.
Proportional hazard assumptions were checked using scaled
Schoenfeld residuals (19) by "estat phtest" command in Stata
and conﬁrmed. Kaplan–Meier methods were used to estimate the
overall survival. Two-sided P values were reported and those less
than 0.05 were considered as statistically signiﬁcant. Stata, version
12.0, was used for all analyses, except for the cumulative incidence
calculation, which was done in SAS, version 9.4. Cumulative
incidence curves were plotted using R, version 2.13.1.

Results
A total of 7,365 children were included and their characteristics
by race/ethnicity are shown in Table 1. The study population
comprised of 67.9% of NH-whites, 14.9% Hispanics, 8.5% APIs,

Table 1. Characteristics of children diagnosed with ALL by race/ethnicity, SEER 9 registries, 1975–2010
All children

NH-white

NH-black

Hispanic

API

AIAN

1,096 (14.9)

626 (8.5)

111 (1.5)

N (%)
All cases
Sex
Girls
Boys
Age at diagnosis, y
<1
01–09
10–19
Diagnosis period
1975–1983
1984–1991
1992–1999
2000–2010

P

7,365 (100.0)

5,000 (67.9)

532 (7.2)

3,183 (43.2)
4,182 (56.8)

2,179 (43.6)
2,821 (56.4)

237 (44.5)
295 (55.5)

460 (42.0)
636 (58.0)

264 (42.2)
362 (57.8)

43 (38.7)
68 (61.3)

240 (3.3)
5,231 (71.0)
1,894 (25.7)

154 (3.1)
3,558 (71.2)
1,288 (25.7)

23 (4.3)
345 (64.9)
164 (30.8)

43 (3.9)
766 (69.9)
287 (26.2)

19 (3.0)
480 (76.7)
127 (20.3)

1 (0.9)
82 (73.9)
28 (25.2)

1,468
1,591
1,691
2,615

1,140
1,133
1,155
1,572

93 (17.5)
115 (21.6)
138 (25.9)
186 (35.0)

129 (11.8)
174 (15.9)
228 (20.8)
565 (51.6)

90 (14.4)
137 (21.9)
147 (23.5)
252 (40.3)

16 (14.4)
32 (28.8)
23 (20.7)
40 (36.0)

0.639

0.002

<0.001
(19.9)
(21.6)
(23.0)
(35.5)

(22.8)
(22.7)
(23.1)
(31.4)
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Table 2. Cumulative ALL mortality among 7,365 children diagnosed with ALL by diagnosis period, SEER 9 registries, 1975–2010
1975–1983
1984–1991
1992–1999
5-Year cumulative ALL mortality (95% CI)
All children
0.35 (0.32–0.37)
0.23 (0.21–0.26)
0.16 (0.14–0.17)
Race/ethnicity
NH-white
0.33 (0.30–0.36)
0.20 (0.18–0.23)
0.13 (0.11–0.15)
NH-black
0.48 (0.38–0.58)
0.43 (0.33–0.51)
0.22 (0.15–0.29)
Hispanic
0.43 (0.34–0.51)
0.30 (0.23–0.37)
0.22 (0.17–0.28)
API
0.31 (0.22–0.41)
0.20 (0.14–0.27)
0.15 (0.10–0.21)
AIAN
0.38 (0.15–0.61)
0.41 (0.23–0.57)
0.26 (0.10–0.45)
Sex
Girls
0.30 (0.26–0.33)
0.21 (0.18–0.24)
0.13 (0.10–0.15)
Boys
0.39 (0.35–0.42)
0.26 (0.23–0.29)
0.18 (0.15–0.20)
Age at diagnosis, y
<1
0.68 (0.53–0.79)
0.63 (0.50–0.74)
0.37 (0.23–0.52)
1–9
0.26 (0.24–0.29)
0.15 (0.13–0.18)
0.10 (0.09–0.12)
10–19
0.51 (0.47–0.56)
0.42 (0.37–0.47)
0.29 (0.25–0.33)

7.2% NH-blacks and 1.5% AIANs, with a noticeable increase in
the relative proportion of Hispanic cases, from 8.8% of all
childhood ALL cases in 1975–1983 to 21.6% in 2000–2010; the
proportions of other race/ethnicity groups had less change. Sex
was distributed similarly across race/ethnicity groups (P ¼ 0.639),
with more boys with ALL. The age distribution varied by race/
ethnicity (P ¼ 0.002): about 70% of NH-whites and Hispanics,
64.9% of NH-blacks, 76.7% of APIs, and 73.9% of AIANs were
diagnosed at 1 to 9 years.
Among all children with ALL, the 5-year cumulative ALL mortality decreased from 35% in 1975–1983 to 10% in 2000–
2010. Table 2 shows the 5-year cumulative ALL mortalities by
race/ethnicity, age at diagnosis, and sex within each diagnosis
period. Figure 1 compares cumulative ALL mortality curves across
race/ethnicity groups in each diagnosis period, which illustrates
the change in inequalities of ALL mortality among different race/
ethnicity groups over the four diagnosis periods.
Cumulative ALL mortalities reduced over time for children of
any race/ethnicity, age at diagnosis, and sex; however, improvement patterns and magnitudes varied, leading to changes in
inequalities. As compared with NH-whites, NH-blacks historically had worse survival. The absolute inequality in 5-year
cumulative ALL mortality increased from 15% (48% in NHblacks vs. 33% in NH-whites) in 1975–1983 to 23% (43% vs.
20%) in 1984–1991, but decreased later to 3% (11% vs. 8%) in
2000–2010. For Hispanics, the absolute inequality in 5-year
cumulative incidence of ALL mortality changed from 10%
(43% in Hispanic vs. 33% in NH-white) in 1975–1983 to
7% (15% vs. 8%) in 2000–2010. Historically, APIs with ALL
fared as well as NH-whites, but AIANs fared worse: with a 5-year
cumulative ALL mortality of 8% (95% CI, 7–10) in NH-whites,
10% (95 CI, 7–15) in APIs, and 19% (95 CI, 8–32) in AIANs in
2000–2010. Inequalities in overall 5-year survival probabilities
showed the same pattern as cumulative ALL mortalities (Supplementary Table S1). The overall 5-year survival probability
increased from 61% in 1975–1983 to 88% in 2000–2010
among all children with ALL.
Girls had better survival than boys historically. The 5-year
cumulative mortality decreased from 30% (95% CI, 26–33) in
1975–1983 to 9% (95% CI, 7–11) in 2000–2010 in girls, and
from 39% (95% CI, 35–42) to 11% (95% CI, 10–13) in boys.
Children diagnosed with ALL at 1 to 9 years had better survival
than at <1 and 10–19 years, such inequality persisted in magni-
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2000–2010
0.10 (0.09–0.11)
0.08 (0.07–0.10)
0.11 (0.06–0.16)
0.15 (0.12–0.19)
0.10 (0.07–0.15)
0.19 (0.08–0.32)
0.09 (0.07–0.11)
0.11 (0.10–0.13)
0.31 (0.21–0.41)
0.05 (0.04–0.07)
0.20 (0.17–0.23)

tude in 2000–2010, with a 5-year cumulative ALL mortality of 5%
(95% CI, 4–7), 20% (95% CI, 17–23), and 31% (95% CI, 21–41)
in children ages 1–9, 10–19, and <1 year, respectively.
Table 3 shows the adjusted ALL mortality HRs for race/ethnicity, sex, and age at diagnosis by diagnosis period. Compared with
NH-whites, after adjusting for age at diagnosis and sex, the HR in
NH-blacks increased from 1.46 (95% CI, 1.09–1.94) in 1975–
1983 to 2.09 (95% CI, 1.57–2.79) in 1984–1991, and then
dropped to 1.21 (95% CI, 0.74–1.96) in 2000–2010; the HR in
Hispanics steadily increased (P ¼ 0.023) from 1.28 (95% CI,
0.98–1.66) in 1975–1983 to 1.95 (95% CI, 1.48–2.58) in 2000–
2010; the HR in APIs changed (P ¼ 0.275) from 1.05 (95% CI,
0.76–1.46) in 1975–1983 to 1.37 (95% CI, 0.91–2.08) in 2000–
2010; the HR for AIANs was 1.26 (95% CI, 0.60–2.65) in 1975–
1983 and increased to 2.19 (95% CI, 1.28–3.75) in 1984–1991,
with a remaining high HR of 2.28 (95% CI, 1.11–4.67) in 2000–
2010. Similar results were observed when all-cause mortality was
analyzed as the outcome (Supplementary Table S2).
Age-speciﬁc and sex-speciﬁc HRs for race/ethnicity by diagnosis
period are shown in Table 4
Similar racial/ethnic inequalities trends were observed in each
age at diagnosis group, and among boys and girls. However,
racial/ethnic inequalities varied by age at diagnosis and by sex.
The racial/ethnic inequalities were the largest among age 1–9
years except for AIANs. In 2000–2010, NH-blacks and APIs
diagnosed at 1 to 9 years had HRs of 1.9 (95% CI, 0.93–3.89)
and 2.02 (95% CI, 1.10–3.69) relative to NH-white counterparts,
respectively. API boys had an HR of 1.61 (95% CI, 1.00–2.60)
relative to NH-white boys in 2000–2010, such inequality was not
observed among girls. In contrast, in 2000–2010, the inequality
was larger among Hispanic girls than boys as compared with their
NH-white counterparts, with HRs of 3.01 (95% CI, 1.96–4.64)
and 1.43 (95% CI, 0.99–2.08) in Hispanic girls and boys,
respectively.
After adjusting for sex and race/ethnicity, children ages <1 and
10–19 years at diagnosis had HRs of 7.57 (95% CI, 4.85–11.80)
and 4.01 (95% CI, 3.09–5.19) relative to those ages 1–9 years,
respectively, in 2000–2010 which increased from HRs of 3.60
(95% CI, 2.57–5.05) and 2.04 (95% CI, 1.73–2.41), respectively,
in 1975–1983. After adjusting for age at diagnosis and race/
ethnicity, boys consistently had higher hazards of ALL mortality
than girls over four diagnosis periods (adjusted HR, 1.32; 95% CI,
1.01–1.72, in 2000–2010).
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Acute lymphoblastic leukemia mortality, 1975–1983

Cumulative mortality (%)
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Acute lymphoblastic leukemia mortality, 1992–1999

Time since diagnosis (y)

Acute lymphoblastic leukemia mortality, 1984–1991

Acute lymphoblastic leukemia mortality, 2000–2010

Cumulative mortality (%)

Cumulative mortality (%)

Time since diagnosis (y)

Time since diagnosis (y)

Time since diagnosis (y)

Figure 1.
Cumulative mortality due to ALL, by diagnosis period and race/ethnicity, SEER 9 registries, 1975–2010.

Discussion
Treatment advance in curing most children with ALL has been
considered as one of the greatest successes in the history of cancer
research. Yet, not all subgroups beneﬁt equally. This study documents the inequality trends over time by race/ethnicity, age at
diagnosis and sex, based on ALL cases from SEER 9 registries over
3.5 decades. Cumulative ALL mortality, overall survival probability, and adjusted ALL mortality hazard ratios have been
reported, as choices of outcome measures and scales of inequality
can inﬂuence the measurements and interpretations of survival
inequality trends. This study also highlights several racial/ethnic
inequalities in survival among certain age and sex subgroups of
children with ALL in the period 2000–2010.

1784 Cancer Epidemiol Biomarkers Prev; 24(11) November 2015

Overall, we found that as compared with NH-whites, the relative
inequalities in ALL mortality decreased in NH-blacks, but
increased over time in other minority groups (Hispanics, APIs,
and AIANs), signiﬁcantly among Hispanics. In 2000–2010, NHblacks diagnosed at 1 to 9 years, Hispanics diagnosed at 1–9 and
10–19 years, APIs diagnosed at 1 to 9 years, and AIANs diagnosed
at 10 to 19 years had about twice the hazard rates of ALL mortality
than their NH-white counterparts diagnosed at the same age
group. Moreover, larger inequalities were observed among Hispanic girls than boys, and inequality was observed only among API
boys but not girls, as compared with their NH-white counterparts.
Survival inequality between NH-blacks and NH-whites was the
highest between 1984 and 1991 and then declined afterward.
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Table 3. HRs of ALL mortality among racial/ethnic groups (compared with NH-whites), by diagnosis period, SEER 9 registries, 1975–2010
1975–1983
1984–1991
1992–1999
2000–2010
Adjusted HR (95% CI)a
Race/ethnicity
NH-white
1.00
1.00
1.00
1.00
NH-black
1.46 (1.09–1.94)
2.09 (1.57–2.79)
1.62 (1.13–2.32)
1.21 (0.74–1.96)
Hispanic
1.28 (0.98–1.66)
1.58 (1.21–2.07)
1.66 (1.23–2.25)
1.95 (1.48–2.58)
API
1.05 (0.76–1.46)
1.11 (0.77–1.59)
1.22 (0.81–1.85)
1.37 (0.91–2.08)
AIAN
1.26 (0.60–2.65)
2.19 (1.28–3.75)
2.10 (0.93–4.75)
2.28 (1.11–4.67)
Age at diagnosis, y
<1
3.60 (2.57–5.05)
6.01 (4.29–8.41)
4.22 (2.52–7.09)
7.57 (4.85–11.80)
1–9
1.00
1.00
1.00
1.00
10–19
2.04 (1.73–2.41)
2.67 (2.20–3.24)
2.68 (2.12–3.39)
4.01 (3.09–5.19)
Sex
Girls
1.00
1.00
1.00
1.00
Boys
1.35 (1.15–1.59)
1.25 (1.04–1.52)
1.40 (1.11–1.78)
1.32 (1.02–1.70)

Trend Pb

0.655
0.023
0.275
0.279
0.028
<0.001

0.999

a

HRs adjusted for all other factors shown in the table.
b
Tests of a linear trend in the change of inequalities with respect to a variable (e.g., race/ethnicity) over time were performed by treating the four-category diagnosis
period variable as continous in the interaction term of the diagnosis period and the variable in the Cox regression models.

These differences for 1984–1991 are illustrated in Fig. 1 and are
the result of substantial improvement in survival among NHwhites but limited improvement in NH-blacks from the preceding
period. These observations may suggest that advances in therapy
were more easily accessed by the NH-white children as compared
with their NH-black counterparts. The decreasing inequality
observed between NH-whites and NH-blacks is consistent with
previous ﬁndings (10, 12). In 2000–2010, NH-blacks had 3%
higher in absolute values of 5-year cumulative ALL mortality and
an adjusted ALL mortality HR of 1.21 which did not differ
statistically from NH-whites. Previously, Hunger and colleagues
reported narrowed inequality between white and black patients
enrolled in COG trials, and they reported all-cause mortality as
opposed to ALL-speciﬁc mortality (10). Our population-based

study allows us to better generalize our results to the U.S. population, especially considering that access to care and enrollment
in clinical trials is usually an important driver of mortality
differences. Another recent study reported a signiﬁcantly narrowed gap in 5-year relative survival between whites and blacks
diagnosed with ALL at 0 to 14 years (12). However, this study
included ALL cases in SEER 18 registries so the secular trends
might be impacted by the appreciable changes in the SEER
population, starting with the 9 registries in 1975, which we
studied in this report for consistency over time, to 18 registries
in 2000.
Blacks are known to have a higher incidence of the T-cell
subtype of ALL as compared with whites, which in general has
a worse prognosis (7, 10); however, ALL immunophenotype

Table 4. Trends in HRs for ALL mortality among racial/ethnic groups (compared with NH-whites) by age and sex, SEER 9 registries, 1975–2010
1975–1983
Age <1 y
NH-black
Hispanic
API
AIAN
Ages 1–9 y
NH-black
Hispanic
API
AIAN
Ages 10–19 y
NH-black
Hispanic
API
AIAN
Girls
NH-black
Hispanic
API
AIAN
Boys
NH-black
Hispanic
API
AIAN

0.50 (0.12–2.17)
1.80 (0.66–4.89)
0.51 (0.16–1.69)
—

1984–1991

2000–2010

Trend Pb

1.97 (0.54–7.16)
0.50 (0.11–2.30)
0.85 (0.11–6.65)
—

1.42
1.76
0.69
37.68

(0.39–5.11)
(0.69–4.49)
(0.15–3.09)
(4.03–352.65)

0.308
0.745
0.705
—

1992–1999
Adjusted HR (95% CI)a

1.32 (0.46–3.77)
1.57 (0.69–3.58)
—
—

1.81 (1.21–2.69)
1.42 (1.00–2.01)
1.23 (0.83–1.85)
1.01 (0.38–2.71)

2.63
1.62
1.19
2.06

(1.77–3.89)
(1.11–2.35)
(0.77–1.82)
(1.01–4.19)

2.09 (1.27–3.42)
1.81 (1.20–2.73)
1.47 (0.89–2.44)
1.87 (0.69–5.09)

1.90
2.12
2.02
0.94

(0.93–3.89)
(1.33–3.38)
(1.10–3.69)
(0.13–6.84)

0.805
0.143
0.175
0.696

1.47
1.02
0.93
1.72

(0.95–2.27)
(0.66–1.60)
(0.51–1.72)
(0.55–5.39)

1.74
1.57
1.14
2.42

(1.09–2.77)
(1.02–2.42)
(0.58–2.24)
(1.07–5.52)

1.19
1.74
0.95
3.02

(0.68–2.11)
(1.09–2.77)
(0.44–2.05)
(0.74–12.33)

0.77
1.87
1.16
2.42

(0.36–1.68)
(1.28–2.71)
(0.61–2.18)
(1.05–5.58)

0.151
0.043
0.683
0.633

1.71
1.63
0.71
1.42

(1.09–2.69)
(1.12–2.38)
(0.39–1.32)
(0.45–4.45)

2.23
1.69
1.17
1.89

(1.45–3.44)
(1.09–2.62)
(0.64–2.12)
(0.70–5.14)

1.55
1.09
1.03
3.12

(0.87–2.76)
(0.61–1.93)
(0.50–2.15)
(0.97–10.00)

1.32
3.01
0.93
3.25

(0.56–3.09)
(1.96–4.64)
(0.40–2.19)
(0.79–13.44)

0.509
0.082
0.586
0.256

1.42 (0.98–2.07)
1.04 (0.71–1.51)
1.27 (0.87–1.86)
1.10 (0.41–2.94)

1.97
1.54
1.10
2.31

(1.34–2.91)
(1.10–2.15)
(0.70–1.72)
(1.22–4.38)

1.67
2.01
1.36
1.57

(1.06–2.65)
(1.40–2.87)
(0.83–2.24)
(050–4.93)

1.13
1.43
1.61
1.94

(0.63–2.04)
(0.99–2.08)
(1.00–2.60)
(0.84–4.44)

0.771
0.101
0.356
0.503

a

HRs adjusted for all other factors shown in the table.
Tests of a linear trend in the change of racial/ethnic inequalities over time were performed by treating the four-category diagnosis period variable as continous in the
interaction term of the diagnosis period and race/ethnicity in the Cox regression models.

b
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information is limited in SEER data. The "grade" variable in SEER
data shows immunophenotype information for leukemia. However, the use of this variable is cautioned, especially for cases
diagnosed in 1973–2000 due to the change of reporting requirements and medical terminology over time. Moreover, for cases
included in the current study, the immunophenotype information is missing for more than half of the cases. Treatment
improvement, for example, the application of more intensive
treatment protocols, and the approval of Nelarabine for patients
with recurring T-cell ALL in 2000 (2), may have contributed to the
closing gap between blacks and whites (10). For children treated
at St. Jude Children's Research Hospital, where patients were
treated with contemporary multimodality therapy according to
therapeutic protocols regardless of race, ethnicity, or ability or pay
for their medical care, no difference was found in survival of
blacks as compared with whites in treatment eras from 1984
through 2007 (20, 21). This supports the hypothesis that, with
equal access to contemporary, risk-based treatment, there is likely
no black–white inequality in ALL mortality. However, NH-blacks
diagnosed at 1 to 9 years have still been observed to have an
adjusted ALL mortality HR of 1.90 (95% CI, 0.93–3.89) in 2000–
2010 relative to the NH-white counterpart in the current study,
which needs attention in future studies as to identify reasons and
interventions.
There was a statistically signiﬁcantly widening trend in the
relative inequalities in ALL mortality hazards between Hispanics and NH-whites. This shows that, as a group, the relative
improvement following ALL treatment advances has been
slower in Hispanics than in NH-whites. An important factor
in interpreting this result is the change in the U.S. Hispanic
population in the study regions over the study time period. The
proportion of Hispanic cases in our study population increased
from 8.8% in 1975–1983 to 21.6% in 2000–2010, primarily
due to immigration. In some, but not all, of the 9 SEER
registries, we found statistically signiﬁcant or marginally signiﬁcant increasing trends in inequalities among Hispanics as
compared with NH-whites (Supplementary Table S3). These
registries were Atlanta, San Francisco, and Utah registries,
among which the relative proportion of Hispanic population
increased substantially over time to exceed 20% in 2000–2010
(Supplementary Table S4). No change in the relative inequality
was observed in the other registries. The supplementary analysis, although limited in power, may indicate that recent
Hispanic immigrants may be more vulnerable to the relative
inequality and may not be beneﬁtting as much from the
advances of the ALL treatment. Previous reports have shown
decreasing education level among Hispanics due to immigration (22), and nonadherence to the treatment among illegal
immigrant Mexican and ﬁrst-generation Mexican-American
children (23), which may contribute to worse survival, though
the association between socioeconomic status and the survival
of ALL is not conclusive. The heterogeneity of Hispanics (e.g.,
Mexican, Puerto Rican, and Cuban) also complicates the interpretation of the inequality trend if the ethnic composition has
changed over time. Regardless of possible explanations, the
widening relative inequality is of concern and requires attention by healthcare providers and researchers. Moreover, the
larger inequalities between NH-whites and Hispanics observed
among girls (HR, 3.01) than boys (HR, 1.43) require future
investigation and sex difference should be considered in identifying potential reasons of the inequalities.
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APIs had similar survival as NH-whites historically, as consistent with previous studies (5). However, albeit nonsigniﬁcant,
relative inequalities between APIs and NH-whites grew over time,
especially among cases diagnosed at age 1–9 years. Moreover, the
current study found APIs ages 1 to 9 years had over 2-fold ALL
mortality hazard (95% CI, 1.10–3.69), and API boys had an HR of
1.61 (95% CI, 1.00–2.60), relative to their NH-white counterparts
in 2000–2010. The worse survival among APIs as compared with
NH-whites in speciﬁc age and sex subgroups has never been
reported before. Variations among API subgroups in childhood
ALL survival has been reported, with Vietnamese and Filipinos
faring signiﬁcantly worse than NH-whites (24). Unfortunately, as
with Hispanics, the small number of ALL cases limited analyses of
distinct API ethnic groups. We found that a large inequality
between AIANs and NH-whites persisted over time. Results on
AIANs should be interpreted with caution, as there were only 111
AIAN cases in the current study. However, this study is to our
knowledge the largest and the ﬁrst study that documents the trend
of inequalities between AIANs and NH-whites in ALL survival over
time.
Sex differences in ALL survival are partially explained by sex
differences in the distributions of ALL immunophenotype and
DNA index (6). Higher mortality among boys than girls persisted
over the time period (HRs around 1.3). However, treatment
advance has decreased absolute inequality in the cumulative ALL
mortality between boys and girls.
Growing relative inequalities in mortality have been observed
over time across age groups: infants and children diagnosed at 10
to 19 years, infants in particular, who have much more room to
improve, have actually improved relatively slower than children
ages 1 to 9 years. This highlights the success in the treatment of
children ages 1 to 9 years and the difﬁculties in improving the
survival of infants and 10- to 19-year-olds. Approximately 80%
of infants with ALL have an MLL gene rearrangement which is
associated with poor prognosis (25). Several treatment strategies
such as the use of stem cell transplantation in ﬁrst remission and
treatment intensiﬁcation have been explored in clinical trials but
have not yet resulted in signiﬁcant improvement in survival (25,
26). Children diagnosed at 10 to 19 years are less likely to enroll in
pediatric trials than children diagnosed at 1 to 9 years (10). These
may be, at least partly, associated with the fewer improvements
have been made for treating infants and adolescents with ALL.
Even though children diagnosed with ALL at ages 1 to 9 years have
the best prognosis and experience the most treatment advances
and survival improvement compared with children diagnosed at
other age groups, the racial/ethnic inequalities between NHwhites and other minority groups (NH-blacks, Hispanics, and
APIs) have been observed to be the largest among them.
Although our population-based analyses do not include data
that allow us to examine speciﬁc underlying causes of these
differences in survival by race/ethnicity, possible explanations
include both biologic and sociocultural causes. Pollock and
colleagues found that African Americans enrolled in POG clinical
trials presented with worse disease presentations [e.g., higher
white blood cell (WBC) counts, and common ALL antigen] than
whites, which were associated with subsequent treatment failures
(7). Genomic rearrangement of cytokine receptor-like factor 2 was
found to be more common among Hispanics and is associated
with poor outcome in pediatric B-progenitor ALL (27). A component of genomic variation that cosegregated with Native
American ancestry was associated with risk of ALL relapse (28).
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However, adjusting for some biologic differences, inequalities
between the racial/ethnic minorities and NH-whites were still
observed (7). Access and adherence to the treatment are also likely
explanations for the inequalities. Lund and colleagues reported
that NH-blacks and Hispanics were less likely to enroll into
clinical trials (29), and Bhatia and colleagues demonstrated that
those who did participate were less likely to adhere to the
treatment (30, 31).
Several limitations of this study are pertinent in interpreting its
results. First, possibilities in the misclassiﬁcation of race/ethnicity
should be considered. SEER racial/ethnic classiﬁcations were
reported to have an excellent agreement with self-reported racial
classiﬁcations, except for the AIAN classiﬁcation: the 5-year overall survival for AIAN cancer patients based on SEER race classiﬁcations was reported to be much lower than that for self-identiﬁed
AIAN cancer patients (32). The increase in the proportion of
multiracial and multiethnic children has been reported in the
United States over time (33). Although cancer registries include
up to ﬁve race ﬁelds for each patients since 2000, only the primary
race information is available in the SEER dataset. Moreover, it is
unclear whether the information captured in these ﬁelds is reﬂective of multirace status or different race coding reported by
different facilities for a given patient. SEER race coding algorithms
preferentially codes the minority (non-white) race in the primary
race ﬁeld. Nonetheless, given the increase in prevalence of multirace/ethnicity children in the United States, it would be worthwhile to examine survival patterns for the growing population of
young multirace/ethnicity cancer patients in datasets in which this
information is explicitly captured. Second, survival of more
recently diagnosed cases in 2000–2010 was estimated with a
relatively shorter follow-up time. Third, causes of death might
have been misclassiﬁed in determining ALL mortality. The SEER
cause-speciﬁc death classiﬁcation is deﬁned based on cause of
deaths in conjunction with the tumor sequence, site of the original
cancer diagnosis; and comorbidities, aiming to capture deaths
that are related to the speciﬁc cancer but are not coded as such
(17). To supplement this limitation, death due to all causes was

analyzed as the secondary outcome, and similar results were
found and presented in the supplementary materials. However,
some other important endpoints, such as the event-free survival,
cannot be estimated as treatment failure information (e.g., relapse
or refractory disease) is not captured by the SEER data. Moreover,
the lack of information regarding clinical presentation (e.g., WBC
counts), tumor biology, and treatment of ALL cases in cancer
registries limits the interpretation of the inequalities and their
trends. Finally, the inequalities and their trends found on the
SEER 9 registries may not be fully applicable to other SEER
registries and to other geographic locations outside of the SEER
program.
In conclusion, survival inequalities changed differently across
subgroups of children with ALL. Underlying causes of the differential trends need to be examined, such that targeted interventions can be developed to reduce growing or persistent inequalities among Hispanics and AIANs, as well as among APIs boys,
APIs and NH-blacks diagnosed at 1 to 9 years.
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