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Abstract

By the middle of this century, racial/ethnic minority populations will collectively constitute 50% 

of the US population. This temporal shift in the racial/ethnic make-up of the US population 

demands a close look at the race/ethnicity-specific burden of morbidity and premature mortality 

among childhood cancer survivors. To optimize targeted long-term follow-up care, it is essential to 

understand whether the burden of morbidity borne by survivors of childhood cancer differs by 

race/ethnicity. This is challenging because the number of minority participants is often limited in 

current childhood cancer survivorship research, resulting in a paucity of race/ethnicity-specific 

recommendations and/or interventions. We show that while the overall childhood cancer incidence 

increased between 1973 and 2003, the mortality rate declined; however these changes did not 

differ appreciably by race/ethnicity. We speculate that any racial/ethnic differences in outcome are 

likely to be multifactorial, and draw upon data from the Childhood Cancer Survivor Study to 

illustrate the various contributors (socioeconomic characteristics, health behaviors and 

comorbidities) that could explain any observed differences in key treatment-related complications. 

Finally, we outline challenges in conducting race/ethnicity-specific childhood cancer survivorship 

research, showing that there are limited absolute numbers of children who are diagnosed and 

survive cancer in any one racial/ethnic minority population, precluding a rigorous evaluation of 

adverse events among specific primary cancer diagnoses and treatment exposure groups.
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The past four decades have seen significant temporal shifts in the demographic 

characteristics of the US population, resulting in the projection that by 2042, the proportion 

of individuals belonging to a racial/ethnic background other than non-Hispanic white 

(NHW) will exceed 50%. Race and ethnicity categories (developed in 1997 by the Office of 

Management and Budget and described in detail in the Supplement) are used to describe 

groups to which individuals belong or identify with.1 Individuals are asked to designate 

ethnicity as Hispanic or not Hispanic. With respect to race. Individuals are asked to indicate 

one or more races that apply mong the following: American Indian or Alaskan, Asian, 

African American, Pacific Islander and white. The primary driver of recent changes in the 

racial and ethnic composition of the US population is immigration from Latin America and 

Asia.2 In fact, US Census data3,4 indicate that the proportion reporting Hispanic origin 

increased from <5% (1970) to 16% (2010), and the proportion reporting their race as Asian/

Pacific Islander increased from 1% (1970) to 5% (2010) (Figure 1A). The population 

reporting black race on the other hand has been largely static at about 12% over this time 

period. Furthermore, the greatest increase in the minority population over this period has 

occurred among children (Figure 1B).3 As race and ethnicity are important determinants of 

health in the US, these demographic shifts necessitate a close look at the impact of this 

change in demographics in the US on the health of children. In this position paper we do so 

in the context of childhood cancer.

Five-year survival rates for childhood cancer have improved substantially over the past four 

decades.5 Unfortunately, the improvement in survival is often accompanied by significant 

long-term morbidity and premature mortality.6,7 A large clinic-based study demonstrated 

that the cumulative prevalence of severe/disabling or life-threatening conditions approaches 

80% by age 45.8 These chronic health conditions are directly related to treatment of the 

primary cancer, and place childhood cancer survivors at increased risk of premature 

death.9,10 Given this high burden of morbidity borne by childhood cancer survivors6,8, the 

documented racial/ethnic disparity in survival11, and the changing demographics of the US 

population (Figures 1A, 1B), a close examination of the role of race and ethnicity in long-

term cancer outcomes is needed. Unfortunately, this issue has not been addressed 

adequately, and the paucity of published literature on this topic represents a critical gap since 

the knowledge gained from survivorship research may not be generalizable to minority 

populations that are under-represented in published studies. This is particularly important if 

the burden of morbidity differs by race/ethnicity, because of a need for race/ethnicity-

specific recommendations and/or interventions designed to reduce morbidity. Studies 

addressing these issues are challenging because minority populations are often under-

represented in cancer survivorship research. Ideally, a cohort of survivors of childhood 

cancer with sufficiently large numbers from the various racial/ethnic groups would allow 

rigorous investigation of race/ethnicity-specific risk for adverse events. If racial/ethnic 

differences in outcome do exist, then such an investigation would permit an examination of 

the biologic, socioeconomic and/or therapeutic contributors to observed racial/ethnic 

differences.

In the following sections, we first highlight racial/ethnic differences in childhood cancer 

incidence and mortality (using data from the population-based Surveillance Epidemiology 

and End Results [SEER] program).12 We next explore the potential role for socioeconomic 
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(income, education, insurance) and behavioral (tobacco, alcohol, physical inactivity) 

contributors as well as the presence of comorbidities, to the racial/ethnic differences in the 

burden of morbidity and premature mortality using data from the hospital-based Childhood 

Cancer Survivor Study (CCSS)13. Finally, we outline challenges in conducting this type of 

research, specifically drawing upon the historical experience of Children’s Oncology Group 

to illustrate the challenges in constructing cohorts with adequate size of different racial/

ethnic groups.

 Racial/ethnic Trends in Childhood Cancer Incidence and Mortality in the 

United States

The SEER registry was used to calculate the racial/ethnic trends in childhood cancer (≤18 

years at diagnosis) incidence rates. Age-adjusted incidence rates of childhood cancer14 are 

shown by race for the period from 1973 to 2012 (Figure 2A), and by ethnicity for the period 

1992 to 2012 (Figure 2B). Overall, cancer incidence increased from 1973 to 2012 at a 

constant rate of 0.7 (95% CI 0.6–0.8) percent per year; the rate of increase did not differ 

between black and white children. These analyses confirm previous observations that the 

incidence continues to be highest among white children.14 There were no differences in 

incidence rates or incidence trends when comparing Hispanic children to non-Hispanic 

children.15,16 Similar increases in childhood cancer incidence since the 1960s and 1970s 

have been reported in Europe and other parts of the world.17–20 We also examined trends in 

race-/ethnicity-specific mortality rates between 1973 and 2003 using the SEER data.12 

Similar to previous reports21, we found that mortality rates declined over time, and the rate 

of decline was similar for children from all racial/ethnic backgrounds (Figures 2A and 

2B)14.

 Contributors to Race/ethnicity-specific Burden of Morbidity in Childhood 

Cancer Survivors

Understanding the factors that contribute to racial/ethnic differences in the burden of 

morbidity in childhood cancer survivors would inform targeted follow-up recommendations 

and risk-reducing interventions. We utilized the expanded CCSS to explore this issue, 

according to the framework proposed in Figure 3. The CCSS is a retrospective cohort of 

35,923 childhood cancer survivors and includes participants diagnosed over three decades, 

from 1970 to 1999, a time period during which the population distribution of individuals 

from different racial and ethnic backgrounds in the US changed dramatically.13 Data from 

this cohort have been used to characterize the burden of morbidity6, premature mortality7,22, 

and associations between specific therapeutic exposures and key adverse outcomes among 

childhood cancer survivors10,23. We acknowledge that the CCSS may not be entirely 

representative of the general US population24, yet it is the single largest cohort of clinically-

annotated childhood cancer survivors, and therefore represents a viable option to evaluate 

race/ethnicity-specific health of long-term survivors. Using the original cohort from CCSS 

(5+ year survivors of children diagnosed with cancer between 1974 and 1986) we have 

recently demonstrated that the higher rates of all-cause mortality in NHBs were abrogated 

after adjusting for SES.25 We also showed that both NHB and Hispanic survivors were more 
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likely to report diabetes and NHBs were more likely to report cardiac conditions; these risks 

persisted after adjusting for SES and cardiovascular risk factors. However, by and large, 

NHB and Hispanic childhood cancer survivors experienced a comparable burden of 

morbidity and mortality to their NHW counterparts. The few differences in risk were 

explained by racial/ethnic differences in SES and comorbidities.

These findings suggest that potential contributors to racial/ethnic differences in morbidity/

mortality experienced by childhood cancer survivors include socioeconomic characteristics 

(annual household income, education and insurance status), risky health behaviors (tobacco 

and alcohol use and physical inactivity), patterns of healthcare utilization, and surveillance 

for long-term toxicities and presence of comorbidities (obesity and hypertension). In this 

report, drawing upon the expanded CCSS cohort, we use select treatment-related outcomes 

(diabetes, stroke and all-cause late mortality) to illustrate how these modifiers could help 

explain the observed racial/ethnic differences.

 Risky Health Behaviors

Risky health behavior included tobacco use, alcohol consumption (binge drinking) and 

physical inactivity. Tobacco use was dichotomized as current/former versus never smoker. 

Physical activity was evaluated as inactivity versus reporting participation in any physical 

activity within the last month. Binge drinking was defined as an average of >4 drinks per 

day for women, or >5 drinks per day for men.

 Healthcare Utilization

Healthcare utilization reported by survivors in a 2-year period was examined as the 

following two outcomes26: (1) general physical examination (how many of the visits to a 

physician’s office involved a complete physical exam), and (2) cancer-related medical visit 

(how many of the visits to a physician’s office were related to their previous cancer). These 

outcomes were not mutually exclusive.

 Surveillance for Long-term Toxicities

The Institute of Medicine recommends that all childhood cancer survivors have regular risk-

adapted medical care.27 The Children’s Oncology Group (COG) has developed a series of 

risk-based guidelines for targeted surveillance and early detection of chronic health 

conditions, with the goal to mitigate long-term morbidity and consequent mortality after 

cancer.28 As an example, the COG guidelines recommend annual mammograms for early 

detection of radiation-related breast cancer, starting at age 25 years for girls exposed to chest 

radiation for an unrelated cancer. COG guidelines also recommend periodic 

echocardiographic evaluation after anthracycline exposure for early detection of 

cardiomyopathy. We examined surveillance for screening echocardiogram (yes vs. no/don’t 

know) and screening mammography (yes vs. no/don’t know) within the last 2 years.

 Comorbidities

Self-reported height and weight were used to calculate BMI; survivors with a BMI ≥30 

Kg/m2 were categorized as “obese.” Hypertension was self-reported by the study 

participants.
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Logistic regression models were used to estimate odds ratios (OR) and 95% confidence 

intervals (CI) for the association between race/ethnicity and key mediators/moderators of the 

racial/ethnic difference in selected outcomes (all-cause mortality, diabetes and stroke). These 

mediators/moderators included socioeconomic characteristics, risky health behaviors, 

healthcare utilization, surveillance for long-term outcomes and comorbidities. These models 

were adjusted for attainted age (effects modeled by natural cubic splines) and sex. For the 

analyses focusing on the selected outcomes, separate piecewise exponential models were 

used to assess the effect of race/ethnicity on all-cause mortality rates, rates of diabetes and 

stroke, adjusting for attainted age and sex, using the logarithm of person-years as the offset, 

and the effect was quantified as relative rates (RR). Socioeconomic characteristics, risky 

health behaviors, and, for non-mortality analysis, comorbidities were added to the age- and 

sex-adjusted model, to examine if they explain, at least partially, the race/ethnicity effects in 

the age/sex-adjusted model.

The results are detailed in Table 1, along with the variables included in each multivariable 

model; highlights are summarized here.

 Socioeconomic Characteristics—When compared with NHWs, non-Hispanic black 

(NHB) and Hispanic survivors from CCSS were more likely to report lower income (NHBs: 

OR=3.5, 95%CI, 3.1–3.9; Hispanics: OR=1.6, 95%CI, 1.5–1.8) and lower education (NHBs: 

OR=1.5, 95%CI, 1.3–1.7; Hispanics: OR=1.3, 95%CI, 1.1–1.5). Further, NHBs and 

Hispanics were less likely to have health insurance coverage when compared with NHW 

survivors (NHBs: OR=0.7, 95%CI, 0.6–0.8; Hispanics: OR=0.5, 95%CI, 0.5–0.6).

 Risky Health Behaviors—NHB (OR=0.5, 95%CI, 0.5–0.6) and Hispanic (OR=0.6, 

95%CI, 0.6–0.8, p<0.001) survivors were less likely to be current smokers, when compared 

with NHW survivors. NHBs were less likely to report binge drinking (OR=0.5, 95%CI, 0.5–

0.6), but Hispanic survivors were as likely (OR=1.1, 95%CI, 1.0–1.2) as NHW survivors. 

While NHB survivors were more likely to be physically inactive (OR=1.6, 95%CI, 1.3–2.0), 

Hispanics reported similar levels of physical activity (OR=1.0, 95%CI, 0.8–1.2) as NHWs.

 Healthcare Utilization—NHBs were more likely to report general physical 

examinations (OR=1.2, 95%CI, 1.0–1.4), but less likely to report cancer-related care 

(OR=0.7, 95%CI, 0.6–0.8) when compared with NHWs. Hispanic cancer survivors, 

however, were equally as likely to receive general physical examinations (OR=1.1, 95%CI, 

1.0–1.2) and cancer-related care (OR=1.0, 95%CI, 0.9–1.1) as NHWs.

 Surveillance for Long-Term Toxicities—Among chest-irradiated female survivors 

from the CCSS who were 25 years of age or older, the odds of reporting a mammographic 

evaluation were lower, but not statistically significantly different for NHBs (OR=0.6, 

95%CI, 0.3–1.1, p=0.09), or Hispanics (OR=0.9, 95%CI, 0.5–1.4, p=0.6) when compared 

with NHWs. Among anthracycline-exposed childhood cancer survivors, odds of having an 

echocardiographic screening evaluation relative to NHW survivors were lower for NHBs 

(OR=0.8, 95%CI, 0.6–0.9), but comparable for Hispanics (OR=1.0, 95%CI, 0.8–1.1).
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 Comorbidities—NHBs (OR=1.6, 95%CI, 1.4–1.8, p<0.001) and Hispanics (OR=1.6, 

95%CI, 1.4–1.7, p<0.001) were more likely to be obese, when compared with NHWs. NHBs 

were more likely to report hypertension (OR=1.3, 95%CI 1.2–1.5, p<0.001), but odds of 

reporting hypertension were comparable between Hispanics and NHWs (OR=1.1, 95%CI, 

0.9–1.2, p=0.3).

 Role of Modifiers/Mediators in Racial/ethnic Difference to Key Outcomes—In 

an analysis adjusted for age and sex, NHB and Hispanic survivors were more likely to report 

diabetes (NHBs: RR=2.3, 95%CI, 1.9–2.9, p<0.001; Hispanics: RR=1.7, 95%CI, 1.4–2.1, 

p<0.001) when compared with NHW survivors. Inclusion of socioeconomic characteristics, 

health behaviors, healthcare utilization and comorbidities mitigated the magnitude of this 

association slightly (NHBs, OR=1.9, 95%CI, 1.5–2.3, p<0.001; Hispanics: OR=1.4, 95%CI, 

1.1–1.8, p=0.003). In an analysis adjusted for age and sex, NHB survivors were more likely 

to report having had stroke (RR=1.9, 95%CI, 1.4–2.5, p<0.01). Inclusion of socioeconomic 

characteristics, health behaviors, healthcare utilization and comorbidities mitigated the 

difference (OR=1.5, 95%CI, 1.1–2.0, p=0.01).

 Late Mortality—The age- and sex-adjusted risk of all-cause mortality in the CCSS 

population was 1.2-fold higher among NHBs (RR=1.2, 95%CI, 1.0–1.4, p=0.01) when 

compared with NHWs. However, adjustment for socioeconomic characteristics, health 

behaviors, and healthcare utilization abrogated the difference in mortality (RR=1.0, 95%CI, 

0.8–1.1, p=0.7). The age- and sex-adjusted risk of premature death for Hispanic childhood 

cancer survivors was comparable to that observed among the NHW survivors (RR=0.9, 

95%CI, 0.8–1.0, p=0.1).

The racial/ethnic differences observed in the CCSS cohort are aligned with those observed in 

the general population in US. Thus, NHBs and Hispanics are more likely to live in poverty29 

and have lower levels of educational attainment30. The prevalence of current use of a 

tobacco product was 21.9% for Hispanics, 27.3% for NHBs and 29.5% for NHWs.31 NHWs 

are generally more likely than other racial/ethnic groups to report current use of alcohol than 

NHBs or Hispanics.32 In the general population, NHBs are more likely, but Hispanics are 

less likely to receive preventive screening, when compared with NHWs.33

With respect to treatment-related outcomes, NHB survivors were more likely to report 

diabetes and stroke when compared with NHWs, and adjustment for the variables listed 

above, there was mitigation of the magnitude of excess risk among NHBs, showing that the 

excess risk is at least partially attributed to these modifiers/mediators. The excess late 

mortality observed among NHBs was also abrogated after adjustment of key these 

moderators/mediators. Hispanic survivors were more likely to report diabetes and the 

magnitude of this risk was mitigated after adjustment for the moderators/mediators listed 

above.

Examination of the CCSS data highlights racial/ethnic differences in key contributors 

(moderators/mediators) to long-term morbidity in childhood cancer survivors, and 

demonstrates that the racial/ethnic differences in these contributors help explain (in part) the 

observed differences in long-term morbidity by race/ethnicity. These analyses were not 
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aimed to be comprehensive or all-encompassing; instead, this exercise serves as a 

demonstration of both modifiable and some non-modifiable contributors to racial/ethnic 

differences in outcomes that need to be addressed when we look to mitigate disparities in 

long-term cancer outcomes. Another important issue that we have not yet addressed is the 

racial/ethnic differences in the molecular underpinnings of long-term treatment toxicities. In 

the general population, race/ethnicity-specific response to β-blockers and ACE inhibitors for 

hypertension are perhaps the mostly widely-recognized examples.34 Among childhood 

cancer survivors, it is increasingly recognized that for a given therapeutic exposure, 

heterogeneity exists in the prevalence and severity of adverse outcomes. Emerging data 

suggest that genetic susceptibility could play a role in modifying individual response to 

therapeutic exposures.35–38 While understanding the molecular underpinning of treatment-

related adverse events will allow a better understanding of the pathogenesis of these life-

threatening complications, it will be equally important to explore whether any racial/ethnic 

differences exist in the frequencies of genetic variants that would place a sub-population at a 

particularly high risk of complications, potentially impacting long-term survival.

 Challenges to Establishment of Minority Survivor Populations

The CCSS cohort consists largely of NHWs (82.1%), with NHBs (6.3%), Hispanics (7.4%) 

and others (4.2%) constituting a small minority. With the growing racial/ethnic diversity of 

the US population, it is imperative to understand whether lessons learned from the CCSS 

can be applied to racial/ethnic minority populations. Major challenges exist in establishment 

of large, racially/ethnically diverse cohorts of childhood cancer survivors that would 

facilitate detailed evaluation of race/ethnicity-specific health-related outcomes. These 

challenges include: 1) availability of a population of sufficient size to evaluate race/

ethnicity-specific outcomes within specific cancer diagnoses and treatment exposure groups; 

and 2) the relatively lower rates of participation experienced in cohort studies for certain 

minority populations compared to NHWs.

 Availability of a Large Representative Sample of Childhood Cancer Survivors

While the number of individuals from racial/ethnic minority populations as an aggregate is 

approaching that of NHWs in the general population, research on long-term survivors of 

childhood cancer is inherently dependent on cancer incidence and survival among minorities 

in previous eras. CCSS has enrolled five-year survivors of childhood cancer diagnosed over 

three decades (1970–1999). Using SEER data (Table 2) for children ages 0 to 20 years,39 we 

estimate that 89,540 white children in the US were diagnosed with cancer in the 1970s, 

compared to 11,851 black children.

In the 1990s, the absolute number of white children diagnosed with cancer was estimated to 

be 100,363 in contrast to 14,358 black children. Knowledge of the true number of Hispanic 

survivors across this era is restricted by the lack of available data for Hispanics. In the 

1990’s, there were an estimated 15,939 Hispanic children diagnosed with cancer. Thus, the 

primary barrier to race/ethnicity-specific research among aging adult survivors of childhood 

cancer is the limited absolute number of children who were diagnosed and survived cancer 
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in any one racial/ethnic minority population, precluding a rigorous evaluation of adverse 

events among specific primary cancer diagnoses and treatment exposure groups.

With the existing gaps in knowledge regarding long-term health outcomes among racial/

ethnic minority survivors, the CCSS has considered available options to enrich the cohort for 

minority participants. One approach considered was to expand ascertainment of minority 

survivors beyond the existing CCSS hospital-base by establishing a distinct minority cohort. 

The feasibility of recruiting a minority cohort comparable to the recently completed CCSS 

cohort expansion population (five-year survivors, diagnosed between 1987 and 1999) was 

evaluated. Applying SEER rates to the US population, it is estimated that 18,047 NHB 

children and 19,783 Hispanic children were diagnosed during this period (Table 3). 

Assuming a 70% survival and a 55% participation rate, approximately 7,000 NHB survivors 

and 7,600 Hispanic survivors could potentially be enrolled into a nationwide cohort. 

Unfortunately, as contact information for persons in the SEER registry (or for those 

estimated in the general population from the SEER registry) is not readily available, this 

approach was considered to be logistically prohibitive, and we turned our attention to 

consideration of alternative approaches.

COG and its legacy groups have been the primary resource for clinical trials in childhood 

cancer since the 1970s. Review of COG clinical trial enrollment between 1987 and 1999 

identified 5,446 NHB and 5,731 Hispanic children, but also a very high number (n=19,147) 

of patients with unknown or missing race/ethnicity (Table 3). Taking into account survival 

(70%) and participation (55%) in a long-term follow-up study, we estimated that only 2,096 

NHB and 2,206 Hispanic participants could be successfully enrolled in a minority survivor 

cohort; a proportion of these survivors are already participating in CCSS. Considering the 

high cost of establishing/expanding a cohort, and the modest number of additional patients 

from racial/ethnic minorities that could be added, expansion through COG could not be 

justified. For example, such a cohort would yield less than 150 NHB CNS tumors survivors 

who received cranial radiotherapy and less than 140 Hispanic HL survivors who received 

chest-directed radiotherapy, limiting evaluation of dose-response effects for these high risk 

populations.

Based on the above, we conclude that the limited number of available survivors from 

specific racial/ethnic minority groups is a major barrier to the conduct of outcomes research 

comparable to what can be and is being carried-out with the larger existing number of NHW 

survivors. Nonetheless, research among minority survivor populations should continue to be 

a priority, while recognizing the limitations imposed by sample size and the accompanying 

statistical power.

 Minority Populations and Participation Bias

Among aging survivors of childhood cancer it is plausible that participants in long-term 

follow-up research studies may not represent the larger underlying population of survivors in 

the US, potentially providing biased estimates of rates and risks that are not generalizable to 

all survivors. There is contradictory evidence related to differences in participation rates in 

observational studies by race/ethnicity.40–43 Differences in recruitment rates vary widely 
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based on the methodological approaches;42 higher minority participation rates are observed 

where specific strategies are used to maximize minority participation.41,42,44

To further understand how race/ethnicity-specific participation rates within the CCSS cohort 

compared to other large NIH-funded observational research studies, we reviewed the 

literature describing forty-three studies and found that few cohorts describe race/ethnicity-

specific participation rates (Table 4). While methodological approaches varied widely, 

community-based recruitment approaches had the capacity to achieve >70% minority 

participation, rates comparable to those of NHWs.42–83 However, the Multi-Ethnic Cohort, 

which utilized survey methodology (i.e., US Mail) for recruitment and survey distribution, 

demonstrated low overall response among minorities (Hispanic 17%, NHBs, 21%) and 

reduced rates of participation relative to whites (34%).44 By comparison, CCSS, which 

augments US mail distribution with phone follow-up and phone- and web-based survey 

completion has achieved superior participation rates (Hispanics: 67%, NHBs: 57% and 

NHWs: 70%). For many studies description of demographic and treatment-related factors 

associated with non-participation is not complete because characteristics of non-participants 

are not fully known, compounding the inability to comprehensively assess for participation 

bias. To further explore participation rates specifically among studies of cancer survivors 

that are more comparable to the CCSS, we reviewed NIH-sponsored, survey-based outcome 

studies restricted to survivors of adult and/or pediatric cancer (Table 4).42–45 In general, 

these studies had low overall participation rates and, in most instances, even larger gaps in 

participation between minority and non-minority survivors compared to those observed by 

CCSS.

Clearly, strategies that maximize overall participation and reduce differential participation 

by race/ethnicity are needed. Recruitment materials that encourage minority participation, 

provision of surveys in Spanish and other languages, and use of race/ethnicity-specific 

telephone interviewers that are culturally-sensitive may improve participation. However, 

thus far, only use of incentives has shown an improvement in participation rates among 

racial/ethnic minority populations in survey-based research.84 Further research to identify 

effective strategies is certainly needed.

In summary, by the middle of this century, racial/ethnic minority populations will constitute 

~50% of the US population. This temporal shift demands a close look at race/ethnicity-

specific burden of morbidity and mortality among childhood cancer survivors. Ideally, a 

large cohort of minority survivors of childhood cancer would allow rigorous investigation of 

race/ethnicity-specific risk factors for adverse events. Large cohorts, enriched for minority 

populations, are difficult to construct because of smaller absolute numbers of eligible 

individuals and lower participation rates. These challenges notwithstanding, there remains a 

need to employ innovative strategies to improve participation rates in order to ensure 

adequate representation of survivors from the various racial/ethnic backgrounds. It is equally 

as important to ensure that all possible contributors of racial/ethnic differences in outcomes 

are measured adequately, such that targeted interventions can be developed to mitigate these 

differences.
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Figure 1A. Temporal trends in the US Population by race/ethnicity – Source U.S. Census Bureau
Note: Respondents were able to identify more than one race starting in 2000

Note: Hispanic ethnicity is indicated separately from the race categories (not mutually 

exclusive)
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Figure 1B. Temporal trends in the US Population age 18 and under, by race/ethnicity – Source 
U.S. Census Bureau
Note: Respondents were able to identify more than one race starting in 2000

Note: Hispanic ethnicity is indicated separately from the race categories (not mutually 

exclusive)
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Figure 2A. Age-adjusted yearly incidence and mortality rates for children 19 years of age or 
younger for the period 1973 to 2012 – Source SEER 9 Registry
This figure used diagnosis categories (International Classification of Diseases for Oncology 

v 3 (ICDO-3) codes) consistent with categories reported in the CCSS (Supplemental Table 

1).
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Figure 2B. 
Age-adjusted yearly incidence and mortality rates for children 19 years of age or younger 

for the period 1973 to 2012 by ethnicity – Source SEER 13 Registry
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Figure 3. 
Proposed model for difference in morbidity by race/ethnicity

Bhatia et al. Page 19

Cancer. Author manuscript; available in PMC 2016 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bhatia et al. Page 20

Ta
b

le
 1

R
ac

ia
l/E

th
ni

c 
di

ff
er

en
ce

s 
in

 P
ot

en
tia

l C
on

tr
ib

ut
or

s 
to

 L
on

g-
te

rm
 M

or
bi

di
ty

N
H

W
H

is
pa

ni
cs

A
fr

ic
an

 A
m

er
ic

an
s

O
ut

co
m

es
*

N
, %

O
R

, 9
5%

 C
I

N
, %

O
R

, 9
5%

 C
I

N
, %

O
R

, 9
5%

 C
I

So
ci

oe
co

no
m

ic
 s

ta
tu

s

A
nn

ua
l h

ou
se

ho
ld

 in
co

m
e 

<
20

,0
00

27
83

, 1
5.

6%
re

f
36

9,
 2

4.
4%

1.
6 

(1
.5

–1
.8

),
 p

<
0.

00
1

49
3,

 4
0.

2%
3.

5 
(3

.1
–3

.9
),

 p
<

0.
00

1

E
du

ca
tio

n 
<

 h
ig

h 
sc

ho
ol

30
07

, 1
5.

6%
re

f
42

0,
 2

4.
0%

1.
3 

(1
.1

–1
.5

),
 p

<
0.

00
1

35
0,

 2
3.

9%
1.

5 
(1

.3
–1

.7
),

 p
<

0.
00

1

W
ith

 h
ea

lth
 in

su
ra

nc
e

17
22

8,
 8

7.
4%

re
f

12
01

, 7
3.

6%
0.

5 
(0

.5
–0

.6
),

 p
<

0.
00

1
10

36
, 7

6.
5%

0.
7 

(0
.6

–0
.8

),
 p

<
0.

00
1

R
is

ky
 h

ea
lt

h 
be

ha
vi

or
s,

 a
dj

us
te

d 
fo

r 
ed

uc
at

io
n 

an
d 

in
co

m
e

C
ur

re
nt

 s
m

ok
er

s
27

97
, 1

6.
4%

re
f

19
6,

 1
3.

5%
0.

6 
(0

.6
–0

.8
),

 p
<

0.
00

1
16

2,
 1

3.
1%

0.
5 

(0
.5

–0
.6

),
 p

<
0.

00
1

A
lc

oh
ol

 c
on

su
m

pt
io

n 
(b

in
ge

 d
ri

nk
in

g)
63

44
, 3

9.
6%

re
f

53
5,

 3
9.

4%
1.

1 
(1

.0
–1

.2
),

 p
=

0.
07

26
4,

 2
3.

7%
0.

5 
(0

.5
–0

.6
),

 p
 <

0.
00

1

Ph
ys

ic
al

ly
 in

ac
tiv

e#
41

75
, 4

7.
4%

re
f

20
7,

 4
8.

5%
1.

0 
(0

.8
–1

.2
) 

p=
0.

8
21

3,
 6

0.
0%

1.
6 

(1
.3

–2
.0

),
 p

 <
0.

00
1

H
ea

lt
hc

ar
e 

ut
ili

za
ti

on
, a

dj
us

te
d 

fo
r 

ed
uc

at
io

n,
 in

co
m

e,
 a

nd
 in

su
ra

nc
e

G
en

er
al

 P
hy

si
ca

l e
xa

m
12

51
1,

 7
1.

8%
re

f
11

01
, 7

0.
4%

1.
1 

(1
.0

–1
.2

) 
p=

0.
1

91
8,

 7
1.

3%
1.

2 
(1

.0
–1

.4
),

 p
=

0.
02

C
an

ce
r-

re
la

te
d 

ca
re

73
76

, 4
1.

7%
re

f
64

1,
 4

3.
6%

1.
0 

(0
.9

–1
.1

) 
p=

0.
8

46
1,

 3
9.

1%
0.

7 
(0

.6
–0

.8
),

 p
 <

0.
00

1

Su
rv

ei
lla

nc
e 

fo
r 

lo
ng

-t
er

m
 t

ox
ic

it
ie

s,
 a

dj
us

te
d 

fo
r 

ed
uc

at
io

n,
 in

co
m

e,
 a

nd
 in

su
ra

nc
e

M
am

m
og

ra
ph

y 
in

 c
he

st
-i

rr
ad

ia
te

d 
w

om
en

10
43

, 6
5.

0%
re

f
67

, 5
2.

3%
0.

9 
(0

.5
–1

.4
) 

p=
0.

6
29

, 4
0.

3%
0.

6 
(0

.3
–1

.1
),

 p
=

0.
09

E
ch

o 
in

 a
nt

hr
ac

yc
lin

e-
ex

po
se

d 
su

rv
iv

or
s

48
45

, 7
9.

5%
re

f
50

3,
 7

8.
8%

1.
0 

(0
.8

–1
.1

) 
p=

0.
6

36
5,

 7
5.

9%
0.

8 
(0

.6
–0

.9
),

 p
=

0.
01

C
om

or
bi

di
ti

es

O
be

si
ty

37
35

, 1
9.

8%
re

f
42

6,
 2

5.
1%

1.
6 

(1
.4

–1
.7

),
 p

<
0.

00
1

38
1,

 2
6.

9%
1.

6 
(1

.4
–1

.8
),

 p
<

0.
00

1

H
yp

er
te

ns
io

n
29

06
, 1

4.
9%

re
f

23
4,

 1
3.

1%
1.

1 
(0

.9
–1

.2
),

 0
.3

25
9,

 1
7.

1%
1.

3 
(1

.2
–1

.5
),

 p
<

0.
00

1

K
ey

 O
ut

co
m

es

D
ia

be
te

s
64

7,
 r

at
e=

2.
0

re
f

74
, r

at
e=

2.
9

1.
7 

(1
.4

–2
.1

),
 p

<
0.

00
1

83
, r

at
e=

3.
9

2.
3 

(1
.9

–2
.9

),
 p

<
0.

00
1

D
ia

be
te

sΩ
64

7,
 r

at
e=

2.
0

re
f

74
, r

at
e=

2.
9

1.
4 

(1
.1

–1
.8

),
 p

=
0.

00
3

83
, r

at
e=

3.
9

1.
9 

(1
.5

–2
.3

),
 p

<
0.

00
1

L
on

g-
te

rm
 o

ut
co

m
es

St
ro

ke
38

2,
 r

at
e=

1.
2

re
f

30
, r

at
e=

1.
2

0.
9,

 (
0.

6–
1.

3)
, p

=
0.

6
44

, r
at

e=
2.

0
1.

9,
 (

1.
4–

2.
5)

, p
=

0.
01

St
ro

ke
Ω

38
2,

 r
at

e=
1.

2
re

f
30

, r
at

e=
1.

2
0.

8,
 (

0.
5–

1.
1)

, p
=

0.
2

44
, r

at
e=

2.
0

1.
5,

 (
1.

1–
2.

0)
, p

=
0.

01

M
or

ta
lit

y†

A
ll-

ca
us

e 
la

te
 m

or
ta

lit
y

20
87

, r
at

e=
6.

5
re

f
16

0,
 r

at
e=

6.
6

R
R

=
1.

0,
 9

5%
 C

I,
 0

.9
–1

.2
, p

=
0.

9
16

3,
 r

at
e=

7.
7

R
R

=
1.

2,
 9

5%
 C

I,
 1

.0
–1

.4
, p

=
0.

01

Cancer. Author manuscript; available in PMC 2016 August 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bhatia et al. Page 21

N
H

W
H

is
pa

ni
cs

A
fr

ic
an

 A
m

er
ic

an
s

O
ut

co
m

es
*

N
, %

O
R

, 9
5%

 C
I

N
, %

O
R

, 9
5%

 C
I

N
, %

O
R

, 9
5%

 C
I

A
ll-

ca
us

e 
la

te
 m

or
ta

lit
yδ

20
87

, r
at

e=
6.

5
re

f
16

0,
 r

at
e=

6.
6

R
R

=
0.

9,
 9

5%
C

I,
 0

.8
–1

.0
, p

=
0.

1
16

3,
 r

at
e=

7.
7

R
R

=
1.

0,
 9

5%
 C

I,
 0

.8
–1

.1
, p

=
0.

7

* B
es

id
es

 th
e 

ad
ju

st
m

en
ts

 s
pe

ci
fi

ed
 in

 th
e 

ta
bl

e,
 a

ll 
m

od
el

s 
ad

di
tio

na
lly

 a
dj

us
te

d 
fo

r 
ag

e 
an

d 
se

x.

# U
se

d 
on

ly
 o

ri
gi

na
l c

oh
or

t w
ho

 h
ad

 d
et

ai
le

d 
m

ea
su

re
m

en
t o

n 
ph

ys
ic

al
 a

ct
iv

ity
 in

 F
u2

00
3 

an
d 

Fu
20

07
.

† R
at

e=
nu

m
be

r 
of

 e
ve

nt
s 

pe
r 

10
00

 p
er

so
n 

ye
ar

s,
 R

R
=

ra
te

 r
at

io
.

Ω
ad

ju
st

ed
 f

or
 s

oc
io

ec
on

om
ic

 c
ha

ra
ct

er
is

tic
s,

 r
is

ky
 h

ea
lth

 b
eh

av
io

rs
, h

ea
lth

ca
re

 u
til

iz
at

io
n 

an
d 

ob
es

ity

δ ad
ju

st
ed

 f
or

 s
oc

io
ec

on
om

ic
 c

ha
ra

ct
er

is
tic

s,
 h

ea
lth

 b
eh

av
io

rs
, a

nd
 h

ea
lth

ca
re

 u
til

iz
at

io
n

Cancer. Author manuscript; available in PMC 2016 August 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bhatia et al. Page 22

Ta
b

le
 2

E
st

im
at

ed
 n

um
be

r 
of

 c
hi

ld
re

n 
ag

es
 0

–2
0 

ye
ar

s 
in

 th
e 

U
S 

po
pu

la
tio

n,
 w

ith
 c

an
ce

r, 
an

d 
w

ith
 c

an
ce

r 
de

at
h 

by
 r

ac
e 

an
d 

et
hn

ic
ity

 a
nd

 b
y 

de
ca

de

19
70

–1
97

9
19

80
–1

98
9

19
90

–1
99

9

U
S 

P
op

ul
at

io
na

C
an

ce
rb

C
an

ce
r 

D
ea

th
c

U
S 

P
op

ul
at

io
nd

C
an

ce
rb

C
an

ce
r 

D
ea

th
c

U
S 

P
op

ul
at

io
nd

C
an

ce
rb

C
an

ce
r 

D
ea

th
c

R
ac

e 
(N

, %
)

 
W

hi
te

63
5,

03
8,

81
7

84
.1

%
89

,5
40

87
.0

%
27

,9
42

86
.8

%
57

5,
95

1,
92

2
81

.1
%

91
,5

76
84

.8
%

26
,4

94
82

.2
%

60
0,

97
5,

67
3

79
.0

%
10

0,
36

3
83

.9
%

16
,8

27
80

.2
%

 
B

la
ck

10
5,

81
3,

96
6

14
.0

%
11

,8
51

11
.5

%
3,

70
3

11
.5

%
10

6,
89

1,
54

9
15

.1
%

13
,0

41
12

.0
%

4,
70

3
14

.6
%

12
0,

65
3,

35
2

15
.9

%
14

,3
58

12
.1

%
3,

13
7

14
.9

%

 
A

m
er

ic
an

 I
nd

ia
n

–
–

–
–

–
–

9,
49

7,
42

6
1.

3%
95

0
0.

8%
18

0
0.

9%

 
A

si
an

–
–

–
–

–
–

29
,1

21
,9

23
3.

8%
3,

96
1

3.
3%

84
5

4.
0%

 
O

th
er

f
14

,6
50

,5
38

1.
9%

1,
53

8
1.

5%
54

2
1.

7%
26

,8
97

,6
75

3.
8%

3,
33

5
3.

1%
1,

04
9

3.
3%

–
–

–

H
is

pa
ni

c 
E

th
ni

ci
ty

 (
N

, %
)

 
Y

es
N

A
e

33
7

5.
0%

N
A

e
75

,0
59

,4
15

10
.6

%
67

0
6.

5%
N

A
e

10
8,

42
6,

46
6

14
.3

%
15

,9
39

13
.1

%
3,

36
1

16
.0

%

 
N

o
N

A
e

63
75

95
.0

%
N

A
e

63
4,

68
1,

80
1

89
.4

%
95

43
93

.5
%

N
A

3
65

1,
82

1,
90

8
85

.7
%

10
5,

59
5

86
.9

%
17

,5
99

84
.0

%

a Su
rv

ei
lla

nc
e,

 E
pi

de
m

io
lo

gy
, a

nd
 E

nd
 R

es
ul

ts
 (

SE
E

R
) 

Pr
og

ra
m

 (
w

w
w

.s
ee

r.c
an

ce
r.g

ov
) 

SE
E

R
*S

ta
t D

at
ab

as
e:

 P
op

ul
at

io
ns

 —
 T

ot
al

 U
.S

. (
19

69
–2

00
9)

 <
K

at
ri

na
/R

ita
 A

dj
us

tm
en

t>
 —

 L
in

ke
d 

To
 C

ou
nt

y 
A

ttr
ib

ut
es

 —
 T

ot
al

 U
.S

., 
19

69
–2

00
9 

C
ou

nt
ie

s,
 N

at
io

na
l C

an
ce

r 
In

st
itu

te
, D

C
C

PS
, S

ur
ve

ill
an

ce
 R

es
ea

rc
h 

Pr
og

ra
m

, C
an

ce
r 

St
at

is
tic

s 
B

ra
nc

h,
 r

el
ea

se
d 

N
ov

em
be

r 
20

10
.

b Su
rv

ei
lla

nc
e,

 E
pi

de
m

io
lo

gy
, a

nd
 E

nd
 R

es
ul

ts
 (

SE
E

R
) 

Pr
og

ra
m

 (
w

w
w

.s
ee

r.c
an

ce
r.g

ov
) 

SE
E

R
*S

ta
t D

at
ab

as
e:

 I
nc

id
en

ce
 —

 S
E

E
R

 9
 R

eg
s 

R
es

ea
rc

h 
D

at
a 

(w
ith

 S
E

E
R

 D
el

ay
 F

ac
to

rs
),

 N
ov

 2
01

3 
Su

b 
(1

97
3–

20
11

) 
<

K
at

ri
na

/R
ita

 P
op

ul
at

io
n 

A
dj

us
tm

en
t>

 —
 L

in
ke

d 
To

 C
ou

nt
y 

A
ttr

ib
ut

es
 —

 T
ot

al
 U

.S
., 

19
69

–2
01

2 
C

ou
nt

ie
s,

 N
at

io
na

l C
an

ce
r 

In
st

itu
te

, D
C

C
PS

, S
ur

ve
ill

an
ce

 R
es

ea
rc

h 
Pr

og
ra

m
, S

ur
ve

ill
an

ce
 S

ys
te

m
s 

B
ra

nc
h,

 r
el

ea
se

d 
A

pr
il 

20
14

, b
as

ed
 o

n 
th

e 
N

ov
em

be
r 

20
13

 s
ub

m
is

si
on

.

c Su
rv

ei
lla

nc
e,

 E
pi

de
m

io
lo

gy
, a

nd
 E

nd
 R

es
ul

ts
 (

SE
E

R
) 

Pr
og

ra
m

 (
w

w
w

.s
ee

r.c
an

ce
r.g

ov
) 

SE
E

R
*S

ta
t D

at
ab

as
e:

 M
or

ta
lit

y 
—

 A
l l

 C
O

D
, A

gg
re

ga
te

d 
W

ith
 S

ta
te

, T
ot

al
 U

.S
. (

19
69

–2
01

1)
 <

K
at

ri
na

/R
ita

 
Po

pu
la

tio
n 

A
dj

us
tm

en
t>

, N
at

io
na

l C
an

ce
r 

In
st

itu
te

, D
C

C
PS

, S
ur

ve
ill

an
ce

 R
es

ea
rc

h 
Pr

og
ra

m
, S

ur
ve

ill
an

ce
 S

ys
te

m
s 

B
ra

nc
h,

 r
el

ea
se

d 
Ju

ly
 2

01
4.

 U
nd

er
ly

in
g 

m
or

ta
lit

y 
da

ta
 p

ro
vi

de
d 

by
 N

C
H

S 
(w

w
w

.c
dc

.g
ov

/n
ch

s)
.

d Su
rv

ei
lla

nc
e,

 E
pi

de
m

io
lo

gy
, a

nd
 E

nd
 R

es
ul

ts
 (

SE
E

R
) 

Pr
og

ra
m

 (
w

w
w

.s
ee

r.c
an

ce
r.g

ov
) 

SE
E

R
*S

ta
t D

at
ab

as
e:

 P
op

ul
at

io
ns

 —
 T

ot
al

 U
.S

. (
19

81
–2

01
2)

, S
ta

te
-L

ev
el

, b
y 

E
xp

an
de

d 
R

ac
e 

<
Si

ng
le

 A
ge

s 
to

 8
5+

, 
K

at
ri

na
/R

ita
 A

dj
us

tm
en

t>
, N

at
io

na
l C

an
ce

r 
In

st
itu

te
, D

C
C

PS
, S

ur
ve

ill
an

ce
 R

es
ea

rc
h 

Pr
og

ra
m

, S
ur

ve
ill

an
ce

 S
ys

te
m

s 
B

ra
nc

h,
 r

el
ea

se
d 

D
ec

em
be

r 
20

13
.

e Po
pu

la
tio

n 
or

 S
E

E
R

 d
at

a 
fo

r 
E

th
ni

ci
ty

 (
H

is
pa

ni
c 

ye
s.

no
) 

no
t a

va
ila

bl
e 

(N
A

)

f In
cl

ud
es

 A
m

er
ic

an
 I

nd
ia

n,
 A

la
sk

a 
N

at
iv

e,
 A

si
an

/P
ac

if
ic

 I
sl

an
de

r 
un

til
 1

99
0

N
E

=
N

ot
 e

st
im

at
ed

.

Cancer. Author manuscript; available in PMC 2016 August 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bhatia et al. Page 23

Table 3

Estimates of the potential size of a childhood 5-year cancer survivor minority cohort diagnosed and treated 

between 1987–1999: population-based, SEER-based and Children’s Oncology Group-based estimates

Population-based Cohort

Diagnosed in US 
1987–1999

Estimate 70% survival Estimate 65% 
Participation

In Minority Cohort

Estimate 55% 
Participation

In Minority Cohort

Racea,b

 Black 18,047 12,633 8,211 6,948

 American Indian 1,183 828 538 455

 Asian/Pacific Islander 4,912 3,438 2,235 1,891

Ethnicitya,c

 Hispanic 19,783 13,848 9,001 7,616

SEER-based Cohortd

Diagnosed in US 
1987–1999

Know five-year Survivors Estimate 65% 
Participation

In Minority Cohort

Estimate 55% 
Participation

In Minority Cohort

Race

 Black 1,578 1,099 714 604

 American Indian 172 117 76 65

 Asian/Pacific Islander 1,155 836 543 460

 Unknown 129 121 79 66

Ethnicity

 Hispanic 1,440 1,055 686 580

COG-based Cohort

Diagnosed in US 
1987–1999

Estimate 70% survival Estimate 65% 
Participation

In Minority Cohort

Estimate 55% 
Participation

In Minority Cohort

Race

 Black 5,446 3,812 2,478 2,096

 American Indian 219 153 100 84

 Asian/Pacific Islander 1219 853 555 470

 Unknown Race 19,147

Ethnicity

 Hispanic 5,731 4,011 2,607 2,206

 Unknown Ethnicity 9,591

a
Race and ethnicity specific rates for 1992–1999 are from the following: Surveillance, Epidemiology, and End Results (SEER) Program 

(www.seer.cancer.gov) SEER*Stat Database: Incidence — SEER 13 Regs Research Data, Nov 2013 Sub (1992–2011) <Katrina/Rita Population 
Adjustment> — Linked To County Attributes — Total U.S., 1969–2012 Counties, National Cancer Institute, DCCPS, Surveillance Research 
Program, Surveillance Systems Branch, released April 2014, based on the November 2013 submission.

b
Race specific population estimates for 1987–1999 for persons < 20 years of age are from: Surveillance, Epidemiology, and End Results (SEER) 

Program (www.seer.cancer.gov) SEER*Stat Database: Populations — Total U.S. (1981–2011), State-Level, by Expanded Race <Single Ages to 
85+, Katrina/Rita Adjustment>, National Cancer Institute, DCCPS, Surveillance Research Program, Surveillance Systems Branch, released 
October 2012.
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c
Ethnicity specific population estimates for 1987–1999 for persons < 20 years of age are from: Surveillance, Epidemiology, and End Results 

(SEER) Program www.seer.cancer.gov) SEER*Stat Database: Populations — Total U.S. (1981–2012), State-Level, by Race (White, Non-White)/
Ethnicity <Single Ages to 85+, Katrina/Rita Adjustment>, National Cancer Institute, DCCPS, Surveillance Research Program, Surveillance 
Systems Branch, released December 2013.

d
SEER Counts for 1987–1999 are from the following: Surveillance, Epidemiology, and End Results (SEER) Program (www.seer.cancer.gov) 

SEER*Stat Database: Incidence — SEER 9 Regs Research Data (with SEER Delay Factors), Nov 2013 Sub (1973–2011) <Katrina/Rita Population 
Adjustment> — Linked To County Attributes — Total U.S., 1969–2012 Counties, National Cancer Institute, DCCPS, Surveillance Research 
Program, Surveillance Systems Branch, released April 2014, based on the November 2013 submission.
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