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Background: The American Cancer Society publishes
Cancer Facts & Figures every year to provide estimated in-
cidence rates and case counts for the current calendar year.
Childhood cancer (children aged 0–14 with all cancer) inci-
dence was also estimated and reported in Cancer Facts &
Figures, but there is no report on patients in the 15–19 years
of age or combined 0–19 years of age, or on major childhood
cancers such as leukemia. There may be different effects of
socioeconomic status and geography on childhood cancer in
comparison to cancer in adults. Therefore, models used to
predict cancer case counts for all patients may need to be
modified to accurately evaluate and predict incidence rates
of childhood cancers.

Methods: The original method was developed in 2007 to
project the total cancer incidence counts reported in the
Cancer Facts & Figures. This method requires first a spa-
tiotemporal prediction across the extensive years of data
since not all cancer registries have data for every year, and
secondly a 4-year temporal projection from the most cur-
rent data point to the current calendar year. Here we use
this same process applied only to childhood cancer data. The
generalized linear mixed effects model is applied to observed
childhood cancer case counts reported to the North Amer-
ican Association of Central Cancer Registries over 1995–
2006 to predict case counts and incidence rates for every
U.S. state and the U.S. total (for patients aged 0 to 19 and
for major cancers among childhood). Covariates included in
the model are measures of income, education, housing, ur-
ban/rural status, health insurance coverage, smoking, obe-
sity and cancer screening. Temporal trends and spatial dis-
tribution patterns are compared among childhood cancers
for males and females.

Results: A total of 15,168 new cancer cases was projected
for the 0–19 age group, with 10,032 childhood cancer cases
younger than age 15, and 5,136 cases in the 15–19 age group,
in the U.S. for 2010. There are more male cancer cases than
female cases in all three age groups for most cancer sites.
The order for the most common malignancies diagnosed in
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children differs by age group and sex. The study also iden-
tifies differences in the geograhic patterns at a small geo-
graphic area level by gender and temporal trends by gender
and subsites of childhood cancer incidence.

Conclusions: The resulting set of predictions provides an-
nual estimates for states that did not provide data at all, and
projections ahead in time to the current calendar year for
every U.S. state and the U.S. in total. These projections
fill in the data gaps for recent years of diagnosis and state
registries to provide complete count and rate estimates for
childhood cancers for all states, regions, and the U.S. in total
for the current calendar year.
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ACS: American Cancer Society
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SEER: Surveillance, Epidemiology, and End Results
HSA: Health Service Area
BRFSS: Behavioral Risk Factor Surveillance System
CV: Coefficient of Variation.

1. INTRODUCTION

Cancer surveillance, i.e., an assessment of the number
and type of cancer cases that occur in an area and in a
specified population, provides critically important informa-
tion needed for determining geographic variations in cancer
rates and for planning cancer control intervention programs.
However, these data are not available for every U.S. state
for a sufficiently long period of time to provide stable es-
timates of their rates, case counts and trends – currently
not all state registries are certified as high quality by the
North American Association of Central Cancer Registries
(NAACCR) and data are available for varying time peri-
ods from different states. Furthermore, data collection and
processing require several years to complete so that infor-
mation is lacking about the expected cancer burden in the
near future, important information for cancer control plan-
ning. The American Cancer Society (ACS) publishes Cancer
Facts & Figures (CFF) which provides estimated incidence
rates and case counts for the current calendar year. The
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methods used to produce these estimates have changed over
the years as more incidence data have become available and
statistical models improved. Prior to 2007, the statistical
projection method to produce the cancer incidence was an
autoregressive quadratic time trend model [1], under the as-
sumption that the pooled incidence-to-mortality ratios for
nine cancer registries with high-quality data can be taken as
constant across all states. Cancer registries have now been
established in every state and territory in the U.S., and high-
quality incidence data are available to most for several years.
A new method was developed in 2007 to improve the ACS
incidence projections by incorporating potential predictors
and spatial and temporal variation of cancer occurrence [2],
as well as delay in case reporting [3]. This method requires
first a spatiotemporal prediction across the extensive years
of data since not all cancer registries have data for every
year, and secondly a 4-year temporal projection from the
most current data point to the current calendar year. The
4-year projection is required here since the time lag between
the data report and release is 4 years. For example, Cancer
Facts & Figures 2010 was produced based on incidence data
up to a diagnosis year of 2006. ACS has adopted the method
since 2007 to predict the number of new cancer cases since it
produces more accurate estimates for years and areas where
data are available for comparison [4]. CFF has estimated
and reported childhood cancer for ages 0–14 for many years,
but there is no report on patients for ages 15–19 or com-
bined ages 0–19, or for some major childhood cancers such
as leukemia. The effect of socio-economic and geographic
factors may be different from the effect of these factors on
adult cancers so that the models applied to adults for CFF
may not be best for explaining childhood cancer patterns.
Therefore, models used to predict cancer case counts for all
patients may need to be modified to accurately evaluate and
predict incidence rates of childhood cancers.

The purpose of this paper is to model observed child-
hood cancer case counts from 1995–2006 to predict annual
case counts and incidence rates for every U.S. state and the
U.S. total from 1995–2010 for ages 0–19 and major child-
hood cancers. The resulting set of predictions will provide:
(1) annual estimates for states included in the NAACCR
dataset for which year-to-year variation due to small popu-
lations is reduced with a comparison to the observed counts
and rates, (2) annual estimates for states that did not pro-
vide any data, and (3) projections ahead in time to the cur-
rent calendar year for every U.S. state and the total U.S.
These projections fill in the data gaps in the cancer registry
reporting to provide complete count and rate estimates for
childhood cancers for all states, regions, and the U.S. in total
for the current calendar year.

2. METHODS

2.1 Data source

To estimate the number of new cases in states without
observed data, a dataset with good spatial coverage in all

Figure 1. Registries Included in 1995–2006 Cancer Incidence
Data for this Project Available from NAACCR.

regions of the United States is critical. We obtained an inci-
dence database spanning from 1995 to 2006 from NAACCR.
U.S. cancer registries reporting data to NAACCR partici-
pate in the National Cancer Institute’s Surveillance, Epi-
demiology, and End Results (SEER) Program [5] or the
Centers for Disease Control and Prevention’s National Pro-
gram of Cancer Registries [6], or both, and receive additional
support from the state where they are located. Registries for
30 states and the Detroit metropolitan area (Figure 1) met
NAACCR registry certification standards as providing com-
plete, accurate, and timely data for at least 3 consecutive
years between 1995 to 2006 and agreed to release county-
level incidence data for this study. Not every registry in-
cluded in this project has certified data for every year. To-
gether, these registeries cover 72% of the U.S. population.
Models were initially applied to data at the county level to
capture within-state variation of incidence counts. However,
due to the rareness of childhood cancer, the data were ag-
gregated to the Health Service Area (HSA) level to provide
more stable estimates for new case counts. The HSA units
were originally defined by the National Center for Health
Statistics [7] to be groups of counties defined on the basis
of where county residents aged 65 years and over obtained
hospital care. The National Cancer Institute modified the
original HSA definition so that any HSAs that crossed state
or SEER Registry boundaries were split so that all counties
from one HSA were in one state and/or SEER Registry [8].
There are 944 HSAs in the U.S according to the modified
HSA definition.

The cancer site was coded according to the SEER Pro-
gram recodes [9] in the same manner used for the SEER
Cancer Statistics Review [10]. While these groups are not
as appropriate for children as they are for adults, they are
necessary in order to be able to compare incidence to mor-
tality. The sites considered in this paper include “All” (all
primary sites combined) and the eight most common child-
hood cancers: “Bone & Joint”, “Brain and Other Nervous
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System” (Brain, Cranial Nerves Other Nervous System),
“Hodgkin Lymphoma”, “Non-Hodgkin Lymphoma”, “Kid-
ney and Renal Pelvis”, “Acute Lymphocytic Leukemia”,
“Acute Myeloid Leukemia”, and “Soft Tissue including
Heart”. Together, the eight cancer sites account for 77%
and 71% of all primary cancer sites in the 0–14 and 0–19
age groups, respectively. Only primary malignancies are in-
cluded. Race was grouped as White, Black, and Other. Age
at diagnosis was coded as age groups < 1 year, 1–4 years,
5–9 years, 10–14 years, and 15–19 years. Unless otherwise
specfied, “childhood cancer” in this paper always refers to
cancer in the 0–19 age group. Input to the models consisted
of numbers of new cases stratified by site, sex, race, age
group, HSA, and year of diagnosis. Similarly stratified pop-
ulations were obtained from the SEER Program which are
the Census Bureau estimates with small SEER modifica-
tions, which account for the intercensal and Vintage an-
nual time series of July 1 population estimates [11]. Pop-
ulation charateristics for the HSA, including measures of
income, education, housing, racial distribution, urban/rural
status, availability of physicians and cancer screening facil-
ities, health insurance coverage, cigarette smoking, obesity,
cancer screening rates, and mortality rates were considered
as potential predictors of incidence. While some behavior
risk factors such as cigarette smoking and cancer screen-
ing behavior are more relevant to adult cancer than child-
hood cancer, they were included in the model as indica-
tors of the general health attitude, knowledge and behavior
of the community. The covariates were available for every
U.S. county from a variety of sources, including the Cen-
sus Bureau, Area Resource File [12], Behavioral Risk Factor
Surveillance System1 (BRFSS) [13] and the Mortality Data
from the National Vital Statistics System [14]. The HSA-
level covariate values were aggregated from the county-level
values weighted by the population size. A total of 35 covari-
ates and interactions were considered in the original model.
After backward variable selection for each cancer site, the
final number of covariates (including interactions) are be-
tween 11 and 34.

2.2 Statistical methods

The method was developed in 2007 and has been applied
to produce the number of new cancer cases in CFF [4] and
the United States Cancer Statistics [15]. The method ap-
plied statistical models of cancer incidence that incorporate
potential predictors and spatial and temporal variation of
cancer occurrence and, in a second step, then adjust for
delay in case reporting. A hierarchical Poisson regression
model was used to estimate the number of cases for all HSAs
in the U.S. by their demographic and lifestyle profiles, based
on the association of these profiles with cancer incidence in

1During our study period, BRFSS follows a rule of not reporting or
interpreting percentages from questions whose unweighted number of
valid responses is less than 50. Hence for counties where BRFSS data
are not available, we use state BRFSS data as surrogates in our study.

the HSAs with observed data, as well as age, race, mortality
rate, diagnosis year, and spatial and temporal random ef-
fects. Specifically, the number of new cancer cases in HSA i,
age group j, and year t, denoted yijt, was assumed to be dis-
tributed as a Poisson random variable, with mean nijtλijt

where nijt is the correspondonding population at risk and
λijt is the incidence rate. A log-linear rate structure was
assumed with

log(λijt|α,β, γ, δ) = αr + f(aj)β + log(mijt)γ +Xiδ

+ θs + φt

where αr is the intercept for census region, αj is the mid-
point of age group, f() is a cubic function of age groups
that accounts for non-linearity of some cancer rates among
age groups, mijt is the age-specific mortality rate, and Xi

is the vector of socio-demographic and life style covariates.
θs and φt account for spatial and temporal random effects,
respectively.

This model was implemented using SAS PROC GLIM-
MIX procedure [16] with its optional spline-based approxi-
mation for spatial and temporal autocorrelation. The spatial
projection component of the method, i.e. estimation of num-
bers of new cases in states without observed data, has been
previously used to produce state- and county-level maps of
estimated cancer incidence in 1999 [17]. The spatial projec-
tion was conducted at the HSA level to capture within-state
variation of incidence counts. Results of the spatiotemporal
models are site- and sex-specific smoothed annual estimates
for registries that provided data and annual modeled esti-
mates for registries with missing data. The assumed spatial
and temporal autocorrelation plus covariates included in the
model result in a sharing of information across areas that
are similar in location, time, and socio-demographic char-
acteristics. For example, the number of new cases in reg-
istries with no input data was estimated using several years
of data from neighboring states and from other states and
HSAs with similar socio-demographic and lifestyle profiles.
Estimated numbers for a registry with a single missing year
of data were based on observations from that registry be-
fore and after the missing time point, as well as from states
that are neighbors or have similar characteristics. Model
estimates were added over race, age and HSA to produce
state-year-sex-cancer-specific estimates for the time span of
the available incidence data. These estimated numbers were
then adjusted to account for the delay expected in report-
ing cancer cases to the registry [3]. The delay adjustment
factor varies by diagnosis year, cancer site, and age at di-
agnosis. The age-adjusted incidence rate (per 100,000 per-
sons) was calculated as an average of the delay-adjusted
age-specific incidence rates weighted by the standard pop-
ulations [18]. The delay-adjusted incidence count or delay-
and-age-adjusted incidence rates for 1995–2006 were then
projected 4 years ahead to 2010 using a piecewise linear re-
gression method called the Joinpoint program [19, 20] which
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Table 1. Projected New Childhood Cancer Cases by Sex for Selected Cancers, U.S., 2010. Numbers in parentheses are
percentages of each cancer in the age group/sex all sites total

Age 0–14 Age 15–19 Age 0–19
Total Female Male Total Female Male Total Female Male

All Sites 10032 4617 5415 5136 2331 2805 15168 6948 8220

Bone & Joint 445 217 228 373 130 243 818 347 471
(4%) (5%) (4%) (7%) (6%) (9%) (5%) (5%) (6%)

Brain & Other Nervous 2063 986 1077 475 218 257 2538 1204 1334
(21%) (21%) (20%) (9%) (9%) (9%) (17%) (17%) (16%)

Kidney & Renal Pelvis 556 324 232 47 22 25 603 346 257
(6%) (7%) (4%) (1%) (1%) (1%) (4%) (5%) (3%)

Leukemia (Total) 3078 1335 1744 690 220 469 3768 1555 2213
(31%) (29%) (32%) (13%) (9%) (17%) (25%) (22%) (27%)

Acute Lymphocytic Leukemia 2574 1022 1552 431 121 310 3005 1143 1862
(26%) (22%) (29%) (8%) (5%) (11%) (20%) (16%) (23%)

Acute Myeloid Leukemia 385 193 192 183 86 97 568 279 289
(4%) (4%) (4%) (4%) (4%) (3%) (4%) (4%) (4%)

Lymphoma (Total) 937 321 616 1256 528 728 2193 849 1344
(9%) (7%) (11%) (24%) (23%) (26%) (14%) (12%) (16%)

Hodgkin Lymphoma 365 140 225 772 371 401 1137 511 626
(4%) (3%) (4%) (15%) (16%) (14%) (7%) (7%) (8%)

Non-Hodgkin Lymphoma 570 178 392 453 141 312 1023 319 704
(6%) (4%) (7%) (9%) (65%) (11%) (7%) (5%) (9%)

Soft Tissue Including Heart 600 294 306 257 121 136 857 415 442
(6%) (6%) (6%) (5%) (5%) (5%) (6%) (6%) (5%)

Other 2353 1140 1212 2038 1092 947 4391 2232 2159
(23%) (25%) (22%) (40%) (47%) (34%) (29%) (32%) (26%)

is currently used to describe trends in incidence and mor-
tality for CFF, SEER Cancer Statistics Review, and An-
nual Report to the Nation on the Status of Cancer [21].
Model fit was assessed using the psuedo-likelihood statis-
tics. To validate the proposed method, a total of nine states
(California, Connecticut, Georgia, Hawaii, Iowa, Kentucky,
Louisana, New Jersey, New Mexico, and Utah) was selected
since the most recent data have been available for the 2010
year of diagnosis. The 4-year projection produced an esti-
mated total of 3,898 childhood cancer cases in 2010 for the
nine states, compared to the total of 3,745 observed cases.
Overall, the projection produces an overestimate of 4.1%
with similar scales in female (5.3%) and male (3.1%). Since
the projection considers reporting delay while the observed
case counts do not adjust for the delay factor, the overesti-
mate is considered reasonable.

In summary, the projected incidence counts and rates of
childhood cancer in 2010 for each sex/cancer site stratifica-
tion were produced by the following steps:

1) Apply the spatiotemporal model to data from registries
available from NAACCR from 1995 to 2006 to estimate
the numbers of cases by sex, race, age group, and diag-
nosis year for every HSA in the U.S.

2) Sum these estimates over age group, race, and HSA to
calculate estimated numbers by sex and year for every
state and for the total U.S., then adjust these results
to account for case reporting delay.

3) Sum the estimates from Step 1) over race and HSA to
calculate either age-specific or age-adjusted rate (per
100,000 persons) for each sex/site/state stratification.

4) Sum the estimates from Step 1) over race and site to
calculate the HSA-level age-adjusted rate for all cancer
sites combined (further site stratification is not possible
due to sparse data at this small area level).

5) Apply the Joinpoint Regression Program to project
each state’s or U.S. time series of the delay-adjusted es-
timated number of new cases or delay-and-age-adjusted
rates to 2010.

3. RESULTS

3.1 Overview

A total of 15,168 new cancer cases was projected for the
0–19 age group, with 10,032 childhood cancer cases younger
than age 15, and 5,136 cases in the 15–19 age group, in the
U.S. for 2010 (Table 1). In comparison, the CFF 2010 re-
ported an estimated 10,700 new cases among children aged
0 to 14 years [22] in 2010. There are more male cancer cases
than female cases in all three age groups for most cancer
sites, except for kidney & renal pelvis with more female
cases in 0–14 age group, and acute myeloid leukemia with
approximately equal numbers of female and male cases in
the 0–14 age group. In the 0–14 age group, the most com-
mon childhood cancer site is acute lymphocytic leukemia,
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Figure 2. Projected New Childhood Cancer Cases by Sex and
Age Group by Site in 2010 (Sorted by male new cases; Top:

Age 0–14; Bottom: Age 15–19).

with a total of 2,574 new cases projected for the year 2010.
Malignant tumors of the brain and other nervous system
are the second most common cancer in this age groups. In
the 15–19 age group, the most common cancer is Hodgkin
lymphoma, which accounts for 15% of all cancer incidence
counts in this age group, followed by malignant tumors of
the brain and the other nervous system, non-Hodgkin lym-
phoma, and acute lymphocytic leukemia. What is unique
about lymphoma is that the adolescent (age 15–19) cases
account for the majority of all cases, especially for Hodgkin
lymphoma among both sexes. The order for the most com-
mon malignancies diagnosed in children differs by age group
and sex (Figure 2). In the 0–14 age group, in order of de-
creasing incidence for males are acute lymphocytic leukemia,
brain & other nervous system cancer, non-Hodgkin lym-
phoma, cancer of soft tissue including heart, cancer of kidney
& renal pelvis, cancer of bone & joint, Hodgkin lymphoma,
and acute myeloid leukemia. Females have a slightly differ-
ent order in the same age group. The most common can-
cer sites among males in the 15–19 age group are the lym-
phomas (Hodgkin lymphoma and non-Hodgkin lymphoma),
followed by acute lymphocytic leukemia, cancer of brain &
other nervous system, and cancer of bone and joint. Among
females in the 15–19 age group, the most common cancers
are Hodgkin lymphoma and cancer of brain & other ner-
vous system, followed by non-Hodgkin lymphoma, cancer of

Figure 3. Age-adjusted Incidence Rates, Ages 0–19 of All
Childhood Cancers at HSA Level, 1995–2006 (Top: Female;

Bottom: Male; From lightest to darkest:
10.0–14.5,14.6–15.5,15.6–16.5,16.6–17.5,17.6–22.2 per

100,000).

soft tissue including heart, acute lymphocytic leukemia, and
acute myeloid leukemia.

Table 2 shows the number of projected childhood cancer
new cases for selected sites for all 50 States, the District of
Columbia and the total U.S. in 2010. Not all states shown in
the table provided data in this study, but through sharing
information across areas that are similar in demographic
and lifestyle profiles, as well as age, race, mortality rate,
diagnosis year, and spatial and temporal random effects,
the statistical models provided estimates for states with and
without data. For states with relatively small populations,
the estimated new cases of certain cancer sites less than 4 are
denoted with ∗ to indicate unstable estimates. The following
sections will focus on the spatial and temporal patterns at
different geographic and time scales. The maps in Figures 3
through 5 show the delay-adjusted age-adjusted incidence
rates of all childhood cancer, and the plots in Figures 6 and
7 show all and selected childhood cancer sites, respectively.
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Table 2. Projected New Childhood Cancer Cases (age 0–19) for Selected Cancer Sites by State, U.S., 2010 (* denotes 3 or
fewer new cases.)

State All Sites Bone &
Joint

Brain &
Other
Nervous

Kidney &
Renal
Pelvis

Leukemia Lymphoma Soft Tissue
Including
HeartFemale Male

Alabama 95 100 10 35 9 46 27 12
Alaska 15 19 ∗ 6 ∗ 9 5 ∗
Arizona 180 215 25 64 12 89 49 17
Arkansas 62 68 7 25 6 32 19 9
California 886 1041 103 286 60 549 271 117
Colorado 126 141 16 42 10 59 39 14
Connecticut 77 102 9 31 6 42 33 10
Delaware 21 23 ∗ 8 ∗ 9 7 ∗
District Of Columbia 11 9 ∗ 4 ∗ 4 4 ∗
Florida 410 486 50 149 34 211 121 48
Georgia 221 261 28 81 23 122 63 33
Hawaii 21 29 ∗ 9 ∗ 13 5 ∗
Idaho 40 46 6 17 4 19 11 4
Illinois 297 362 34 99 30 161 88 33
Indiana 151 168 14 52 16 80 44 18
Iowa 64 86 9 26 5 34 19 8
Kansas 56 69 9 26 5 33 18 6
Kentucky 91 108 10 33 8 60 24 12
Louisiana 73 94 8 31 8 43 29 10
Maine 28 32 ∗ 9 ∗ 13 12 ∗
Maryland 120 149 15 37 11 61 40 18
Massachusetts 139 159 16 51 11 69 56 16
Michigan 234 257 22 76 22 119 72 25
Minnesota 115 125 16 46 11 59 40 16
Mississippi 58 66 6 23 7 29 16 8
Missouri 125 148 20 51 11 64 39 13
Montana 21 23 ∗ 9 ∗ 9 7 ∗
Nebraska 40 51 6 19 4 21 11 5
Nevada 68 81 9 26 5 33 18 7
New Hampshire 32 36 ∗ 10 ∗ 15 13 4
New Jersey 213 257 24 81 18 108 77 27
New Mexico 44 48 6 17 4 25 14 6
New York 439 517 56 173 35 217 161 45
North Carolina 194 232 25 73 19 104 63 24
North Dakota 12 19 ∗ 5 ∗ 10 4 ∗
Ohio 255 275 25 89 25 124 79 29
Oklahoma 76 123 9 31 12 59 26 12
Oregon 83 94 8 31 6 45 28 9
Pennsylvania 304 339 34 109 24 130 109 30
Rhode Island 26 24 ∗ 6 ∗ 12 9 ∗
South Carolina 91 99 11 35 9 45 26 11
South Dakota 18 20 ∗ 7 ∗ 9 5 ∗
Tennessee 129 149 16 48 12 66 37 18
Texas 618 799 69 242 55 407 172 79
Utah 79 103 9 33 7 41 22 11
Vermont 12 16 ∗ 5 ∗ 6 6 ∗
Virginia 171 201 20 61 14 87 56 23
Washington 142 165 14 56 12 78 46 19
West Virginia 33 37 4 14 ∗ 16 10 4
Wisconsin 122 135 11 41 12 65 37 21
Wyoming 12 13 ∗ 5 ∗ 5 4 ∗
U.S. Total 6948 8220 818 2538 603 3769 2193 857
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3.2 Spatial distribution pattern

Figure 3 shows the female and male age-adjusted inci-
dence rate of all childhood cancer at the HSA level for the
entire period 1995–2006. The two maps use the same cut-
points, the 6-quantiles of the pooled male and female rates,
to compare the rates between female and male patterns.
The age-adjusted incidence rates range from 10.0 to 22.2
per 100,000 population at the HSA level with male rates
higher than female across all areas in the U.S. High-rate ar-
eas for females are mainly in the Northeast U.S., the Moun-
tain States and the North Pacific Region (mainly the state
of Washington). High-rate areas for males include the above
mentioned regions as well as Florida and the West Cen-
tral U.S., spreading from Nebraska and Iowa through the
western part of Kansas and Oklahoma to the western and
southern part of Texas. It is worth noting though that these
maps reveal distribution patterns at the HSA level for the
whole study period, some of the rates are based on small
numbers and so these patterns need to be interpreted with
caution.

To investigate the variation in statistical stability of rates,
the coefficient of variation (CV) is calculated and mapped
for all HSAs. CV is defined as the ratio of standard devi-
ation of the estimated age-adjusted incidence rate to the
estimated age-adjusted incidence rate at each HSA. CV is
a measure of stability of a statistical estimate, with larger
values indicating less stable estimates. The National Vital
Statistics Report has used fewer than 20 deaths (equivalent
to a CV of 22.4% or more) as a benchmark to indicate unre-
liable death rates, with rates based on fewer cases considered
to be statistically unreliable [23]. Since childhood cancer is
a very rare disease, we relaxed the criterion to fewer than 10
new childhood cancer cases (equivalent to a CV of 31.6% or
more) to indicate the very unstable estimates in this study.
Figure 4 shows the CV in all HSAs for female and male age-
adjusted incidence rates. The darkest areas are HSAs with
the most unstable estimates (or less than 10 new cases), and
they are mainly in the less populated West and Midwest Re-
gions.

3.3 Temporal trend

While HSA level maps reveal small area spatial distribu-
tion patterns, the HSA level data are too sparse to examine
temporal trends (with many more unstable estimates than
shown in Figure 4). As a result, we aggregated the number
of HSA-level new cases to the State level and mapped the
State level age-adjusted incidence rate by year. Shown in
Figure 5 are State level female and male age-adjusted inci-
dence rates for the beginning year 1995, year 2000, the last
year 2006 when observed data are available, and the 4-year
projection to year 2010. The same cutpoints, the 6-quantiles
of the pooled male and female rates, are used here to com-
pare the rates between females and males. The age-adjusted
childhood all cancer incidence rates range from 10.9 to 20.9

Figure 4. Coefficient of Variation on Age-adjusted Incidence
Rate of Childhood All Cancer at HSA Level (Top: Female;
Bottom: Male; From lightest to darkest: 1.8%–22.4%,

22.5–31.6%, 31.7%–300%).

per 100,000 population. It can be seen from the maps that
male rates are always higher than female rates, and that the
rates have been increasing over the past 15 years for both
males and females. These maps show the same high-rate ar-
eas as the HSA maps (Figure 3) in the Northeast U.S., the
Mountain States, Pacific States as well as Florida and the
West Central U.S. spreading from Iowa through Kansas and
Oklahoma to Texas.

To illustrate the temporal changes of incidence rates in
more detail, more plots are included to show the spatiotem-
poral model-estimated and joinpoint-predicted age-adjusted
(Figure 6) and age-specific (Figure 7) incidence rates for se-
lected childhood cancer sites. The horizontal axis in each
plot is time from 1995 to 2010. For the first 12 years (1995-
2006), the predicted rates (solid line) are plotted along with
the estimated rates (symbols around the solid line). The
period from 2007 to 2010 does not have model-estimated
points, and the solid line is extended to 2010 from the last
line segment in the Joinpoint result. Each solid line is labeled
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Figure 5. Predicted Age-adjusted Incidence Rates of All Childhood Cancers at State Level (Left: Female, Right: Male; Top to
Bottom: 1995, 2000, 2006, 2010; From lightest to darkest: 10.9–15.5 15.6–16.5, 16.6–17.5, 17.6–18.5, 18.6–20.9 per 100,000).
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Figure 6. Joinpoint-predicted (solid lines) and Spatiotemporal Model Estimated (symbols around the lines) Age-adjusted
Incidence Rates per 100,000 for Selected Childhood Cancers by Sex, 1995–2010.

with gender (Figure 6) or age group (Figure 7). Presented
here are the age-adjusted or age-specific rates only, without
consideration of the variations or the confidence intervals of
the rates. For some groups with rates close to each other, it
is expected to see overlapping of the confidence intervals.

Figure 6 shows an overall increase and relatively paral-
lel female and male lines for all the childhood cancer sites

combined, cancer of bone & joint, leukemia, cancer of brain

& other nervous system and Non-Hodgkin lymphoma. The

female age-adjusted incidence rate for acute lymphocytic

leukemia is very stable during the study period, but the male

incidence rate has experienced a significant increase starting

2003. For acute myeloid leukemia, the female rate has also

been stable while the male rate increased from 1995 to 2000
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Figure 6. (Continued.)

and started dropping to the same level as the female rate in
2010. Unlike all other cancer sites, kidney cancer is unique
in that female rates are higher than the corresponding male
rates. Before 1999, the male kidney cancer rate increased
and the female kidney cancer rate decreased; between 1999
and 2003, the rates of both genders were quite stable; then
starting 2003, rates have been diverging so that the fe-
male rates have increased and male rates have decreased.

Lymphoma and Hodgkin lymphoma have similar trends in
that the incidence rates were stable for female across the
study period, but male incidence rates have started increas-
ing from 2004. The incidence rates for cancer of soft tissue
including heart were increasing and very similar for males
and females in the earlier period until 2000–2001. After 2001
the rate of increase has slowed down, more so for females,
resulting in a higher projected rate for males in 2010.
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Figure 7. Joinpoint-predicted (solid lines) and Spatiotemporal Model Estimated (symbols around the lines) Age-specific
Incidence Rates per 100,000 for Selected Childhood Cancers by Sex and Age Group, 1995–2010.

Figure 7 compares the temporal trend of age-specific in-
cidence rates for selected childhood cancer sites between
males and females and the 5 age groups. For all cancer sites
combined, the youngest (age <1 year) and the oldest (age

15–19) age groups have the highest rates, followed by the
1–4, 5–9, and the 10–14 age groups in descending order. As
noted before, female kidney cancer rates are higher than
male rates, and that is true across all age groups. For the
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Figure 7. (Continued.)

two age groups (<1 and 1–4) with the highest rates, fe-
males and males have different temporal change patterns
– female rates decreased first and then moved up, but the
male rate increased first then started going down. The age

group with the highest rate for acute lymphocytic leukemia
is ages 1–4. Across all the age groups, female acute lympho-
cytic leukemia rates have been stable and the male rates
started increasing from 2002, the same trend as noted in

132 L. Zhu et al.



the age-adjusted rate. Acute myeloid leukemia also shows
the same trend as the age-adjusted rate, i.e., that female
rates have been stable but the male rates increased first and
then dropped beginning in 2000. The bone & joint cancer
rates have been stable during the study period. The age
groups with the highest rates are the 15–19 (male) and the
10–14 (female) groups, with a much higher rate in the male
15–19 group. The rates for Hodgkin lymphoma have stayed
stable for females during the study period and for most male
groups. For the male age 15–19 group the rates started in-
creasing in 2004. It is notable that the rate of the age 15–19
group is more than double in males and triple in females
the rates of the age 10–14 group, the group with the second
highest rate.

4. DISCUSSION

This paper presents the first study in the U.S. that links
childhood cancer incidence with mortality as well as socio-
economic status measures, behavioral risk factors, medical
resource measures, geographic location and time through a
sophisticated statistical model. This new method is an im-
provement over the old method used for cancer incidence
projection. The old method projects the total number of
case counts to the current year by applying the annual age-
specific rates in 9 oldest SEER areas to the most current
year. The new method takes into account potential covari-
ates and spatial and temporal varaition of cancer occur-
rence, as well as delay in reporting. Estimates produced in
this new method are in close proximity to the cancer in-
cidence estimate for age 0–14 as reported in CFF. Taking
a further step than the CFF, this paper describes the spa-
tiotemporal patterns and trends by age groups, sex, and ma-
jor childhood cancer sites. The results found in this study
confirm the slightly rising trend in all childhood cancer sites
combined [24] and the variation in incidence with differ-
ent age groups and gender [25]. Previous efforts have been
made to investigate the geographic or temporal patterns of
childhood cancer mortality [26–28] and incidence [29–31].
Presented here is a unique study that combined data from
the National Program of Cancer Registries and the SEER
cancer registries at fine resolutions in both geographic and
temporal scales. This is the first effort to investigate U.S.
childhood cancer incidence rates for small area geographic
patterns and temporal trends, and projection ahead in time.
The research findings fill in the data gaps in the cancer reg-
istry reporting to provide a complete coverage of the whole
U.S., and provide a scientific basis to allocate resources in
cancer prevention and control efforts at the national, state,
and local level. The rarity of childhood cancer might lead
to unstable estimates due to small case counts. This paper
quantified and presented the instability of small area esti-
mates along with the estimates themselves so that cautions
may be taken when interpreting these estimates.

One limitation of this study is that death certificates of-
ten may not indicate the specific subsites of childhood can-
cers such as acute lymphocytic leukemia or acute myeloid
leukemia. Therefore the mortality rates included as predic-
tors in the regression model may be somewhat inaccurate.
One way to bypass this problem could be to use mortal-
ity from the broader group leukemia to predict the inci-
dence in the subsites of leukemia. A detailed inspection into
the model results finds that results are consistent across the
broader group and the subtypes of leukemia, hence the mor-
tality data are kept in the current format as they are in
producing the CFF incidence estimates. Questions may also
arise for the accuracy of the model estimates. The origi-
nal method paper by Pickle et al. [2] and related research
(unpublished work) by the authors compares the estimated
and the observed number of cases for adult cancers and
found that they are in close proximity to each other. Vali-
dation in certain SEER registries also shows that the pre-
dicted case counts are close to the observed counts for child-
hood cancer. Another limitation is that the incidence data
do not cover all the states in the U.S., since not all reg-
istries that met NAACCR registry certification standards
grant permissions for us to use their county-level incidence
data.
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