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Abstract: A summary evaluation of the 2015 American Cancer Society (ACS)  
challenge goal showed that overall US mortality from all cancers combined declined 
26% over the period from 1990 to 2015. Recent research suggests that US cancer 
mortality can still be lowered considerably by applying known interventions broadly 
and equitably. The ACS Board of Directors, therefore, commissioned ACS research-
ers to determine challenge goals for reductions in cancer mortality by 2035. A statis-
tical model was used to estimate the average annual percent decline in overall cancer 
death rates among the US general population and among college-educated Americans 
during the most recent period. Then, the average annual percent decline in the over-
all cancer death rates of college graduates was applied to the death rates in the 
general population to project future rates in the United States beginning in 2020. If 
overall cancer death rates from 2020 through 2035 nationally decline at the pace of 
those of college graduates, then death rates in 2035 in the United States will drop by 
38.3% from the 2015 level and by 54.4% from the 1990 level. On the basis of these 
results, the ACS 2035 challenge goal was set as a 40% reduction from the 2015 level. 
Achieving this goal could lead to approximately 1.3 million fewer cancer deaths than 
would have occurred from 2020 through 2035 and 122,500 fewer cancer deaths in 
2035 alone. The results also show that reducing the prevalence of risk factors and 
achieving optimal adherence to evidence-based screening guidelines by 2025 could 
lead to a 33.5% reduction in the overall cancer death rate by 2035, attaining 85% of the 
challenge goal. CA Cancer J Clin 2019;69:351-362. © 2019 American Cancer Society. 
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Introduction
Over the years, public health organizations have conducted futuring activities and 
issued cancer challenge goals in attempts to motivate and guide cancer control  
activities. In 1981, Doll and Peto published a now classic article on the causes of 
cancer, stressing the influence of tobacco on cancer death rates, which they esti-
mated to account for approximately 30% of cancer deaths in the United States.1 
This led the US National Cancer Institute (NCI) in 1986 to call for an effort to 
halve the cancer death rate between 1985 and 2000.2

In 1996, the American Cancer Society (ACS) Board of Directors issued a chal-
lenge goal to halve what appeared to be possible peak cancer mortality in 1990 
by 2015.3 In 2016, Byers et al published a summary evaluation of the ACS 2015 
challenge goal.3 Overall US mortality from all cancers combined declined 26% 
over the period from 1990 to 2015. Mortality rates declined over the 25-year period 
for lung cancer (45% among men and 8% among women), colorectal cancer (47% 
among men and 44% among women), female breast cancer (39%), and prostate 
cancer (53%). Declines for all other cancers were 13% among men and 17% among 
women.3 These declines are thought to ref lect a reduction in tobacco use and  
improvements in early detection and treatments.4-9
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Over the past decades, however, ACS scientists and 
researchers from other agencies have reported substantial 
disparities in progress against cancer among populations 
defined by race/ethnicity,10-13 region of residence,14-17 and 
socioeconomic status (SES).11,18-20 These findings suggest 
that not all segments of the US population have benefitted 
equally from advances in cancer prevention, early detec-
tion, and treatments and that the US cancer mortality can 
be lowered considerably by applying known interventions  
equitably and broadly.21-23

In light of the above findings, the ACS Board of 
Directors commissioned researchers from the ACS Intra-
mural Research Department to make cancer mortality 
projections for the United States to the year 2035 and deter-
mine challenge goals. The questions to be addressed were:

• What will cancer death rates look like in 2035 if current 
trends continue?

• What can cancer death rates look like in 2035 by acceler-
ating progress in reducing cancer mortality (a challenge 
goal)?

• What is a pathway toward attaining the 2035 challenge 
goal?

It is hoped that a glimpse at what is possible in terms of 
cancer prevention and control, as outlined in this article and 
in the other ACS cancer control blueprint articles,8,24-27 
will motivate Americans and American institutions to in-
tensify cancer prevention and control efforts.

Methods
Corresponding to the 3 questions proposed above, this arti-
cle includes a 3-part analysis. The objective of the first part 
was to project cancer death rates for the general population 
in 2035. The objective of the second part was to estimate 
challenge goals based on cancer mortality trends among 
college graduates in the United States. The objective of the 
third part was to estimate what reductions in risk factors 
and increases in uptake of recommended cancer screening 
would be needed to achieve the challenge goals.

Data Sources
For part 1 of the analysis, mortality and population data 
from 1969 through 2015 for the general US population 
were obtained from the Surveillance, Epidemiology, and 
End Results (SEER) program’s SEER*Stat database.28 For 
part 2 of the analysis, mortality data by education for 2001 
through 2015 were obtained from public-use, multiple- 
cause-of-death data files, which were published by the 
National Center for Health Statistics.29 Corresponding 
population denominator data were obtained from the pub-
lic-use microdata sample files of the American Community 
Survey.30

For part 3 of the analysis, the 2005 and 2015 National 
Health Interview Survey (NHIS) data31 were used to es-
timate the prevalence of smoking. The 2005 and 2006 
NHIS data were used to estimate average alcohol intake 
in 2005 to 2006, and the 2015 and 2016 NHIS data were 
used to estimate average alcohol intake in 2015 to 2016. 
Because alcohol intake is generally underreported in sur-
veys, we adjusted NHIS alcohol intake using per capita al-
cohol consumption32 according to a method suggested by 
Rey et al.33 Data from the National Health and Nutrition 
Examination Survey (NHANES)34 were used to estimate 
the prevalence of excess body weight, fruit and vegetable 
intake, red meat and processed meat consumption, dietary 
fiber and dietary calcium intake, and physical inactivity. To 
obtain more stable estimates, the 2003 to 2004 and 2005 
to 2006 NHANES data were combined to estimate aver-
age prevalence during 2003 through 2006 (representing 
2005), and the 2013 to 2014 and 2015 to 2016 NHANES 
data were combined to estimate average prevalence during 
2013 through 2016 (representing 2015). Breast cancer and 
colorectal cancer screening rates were obtained from the 
2010 and 2015 NHIS survey. Screening for cancers of the 
prostate (no consensus on recommendation), cervix (rela-
tively small number of deaths), and lung (limited data) were 
not included in the analysis. The prevalence of tamoxifen/
raloxifene use for breast cancer risk reduction in 2005 was 
directly obtained from previous reports.35,36

Statistical Analysis
Part 1: Projecting Cancer Death Rates  
for the General Population in 2035
By using SEER*Stat,28 we calculated age-standardized (to 
the 2000 US standard population) death rates from 1969 
to 2015 among the US general population for all cancers 
combined and for major cancer sites. Then, we performed 
joinpoint regression modelling (trend analysis) based on 
these age-standardized death rates with a maximum of 3 
joinpoints allowed. The resulting annual percent changes 
for the last trend segment, representing the current trends, 
were then used to project cancer death rates for the general 
population in 2035.

Part 2: Estimating Challenge Goals
On the basis of the 2000 US standard population, we first 
calculated age-standardized death rates from 2001 through 
2015 by education for all cancers combined and for major 
cancer sites. We then performed joinpoint analyses based 
on these age-standardized death rates with a maximum 
of 2 joinpoints allowed in modelling to obtain average 
annual percent changes (AAPCs) in death rates during 
2001 through 2015 for college-educated Americans (see 
Supporting Table 1). We then applied these AAPCs to the 
US general population beginning in 2020 to project the 
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2035 cancer deaths rates, which were set as the ACS 2035 
challenge goals. Of note, this approach is not seeking to 
equalize the rates for everyone to the rates of those with 
a college education but to accelerate the decreasing trends 
during 2020 through 2035 among the general population to 
the levels of college graduates during 2001 through 2015.

Part 3: Pathways to Achieving the Challenge Goal: 
Defining the Roadmap
The ACS challenge goal of reducing mortality by 50%  
between 1990 and 2015 was aspirational. However, one  
lesson of that ACS goal, an NCI goal for the same reduc-
tion between 1985 and 2000, and a 2002 goal set by the 
NCI Director to eliminate death and suffering from can-
cer by 2015 is that a challenge goal should be potentially 
achievable. In addition, a path toward achieving the goal 
should be laid out. Herein, we estimated the extent to 
which cancer death rates can be reduced by decreasing the 
prevalence of known, modifiable risk factors and increasing 
cancer screening uptake rates, such that we can lay out the 
pathways to achieving the challenge goals. The method is 
described below.

On the basis of risk factor exposure (including lack 
of screening), the death rate from each cancer site can be 
 expressed as:

where I denotes the number of exposure groups (includ-
ing the unexposed group), Pi denotes the prevalence of ex-
posure group I, and RRi denotes the relative risk of death 
for group i compared with the unexposed group. A 10-year 
lag period (latency period) between reductions in risk factor 
prevalence and in cancer mortality and a 5-year lag period 
between increases in screening rates and reductions in can-
cer mortality were considered in this analysis. This means 
that the 2015 cancer death rate ref lects the risk factor prev-
alence in 2005 and the screening level in 2010, and the 
2035 cancer death rate will only be affected by changes in 
risk factor prevalence before 2025 and by changes in screen-
ing before 2030.

By using smoking and lung cancer as examples, the lung  
death rate in 2015 could be expressed as: D2015 = Dnever × 
(Pnever,2005 × 1 + Pformer,2005 × RRformer + Pcurrent,2005 × 
RRcurrent), where D represents the death rate, P represents 
prevalence, never represents never smokers, former repre-
sents former smokers, and current represents current smo-
kers. Similarly, the lung cancer death rate in 2035 could be  
expressed as: D2035 = Dnever × (Pnever,2025 × 1 + Pformer,2025 ×  
RRformer + Pcurrent,2025 × RRcurrent). Assuming that lung 
cancer death rates of the never smokers are stable over time,  
the reduction of lung cancer death rates from 2015 to 2035 

could be estimated as: reduction (%) = 1 − (Pnever,2025 × 1 +  
Pformer,2025 × RRformer + Pcurrent,2025 × RRcurrent)/(Pnever,2005 ×
1 + Pformer,2005 × RRformer + Pcurrent,2005 × RRcurrent). The 
2025 prevalence here represents the targeted level for the 
general population to attain by 2025.

To estimate the reductions for all cancer death rates, we 
first estimated the percent reduction in the overall cancer 
death rates caused by individual risk or protective factors as 
the weighted sum of the cancer-specific percent reduction, 
with the ratios of the number of cancer-specific deaths to 
the number of all cancer deaths as weights (see Supporting 
Information). Then, we summed over the individual risk or 
protective factor proportions. Because of a lack of stable data 
for college graduates, we did not estimate the effects of infec-
tions and radiation on cancer death rates. Relative risks used 
in the calculation are listed in Supporting Tables 2 through 5.

To produce a range of estimates of future changes in 
cancer death rates, we used 2 sets of targeted risk factors 
and screening profiles for the general population. The 
lower bound targets are the risk factors and screening pro-
files (levels) of college-educated Americans observed in 
2015. Even among college-educated adults, the prevalence 
of major risk factors and screening is suboptimal; thus, we 
defined upper bound prevalence and screening targets as: 
smoking prevalence at the level of those with a master’s de-
gree; body mass index distribution at the level of the 1970s; 
on the basis of 2015 levels for adult Americans, increasing 
their daily consumption of fruits and vegetables on aver-
age by 100 g, dietary fiber by 10 g, and dietary calcium by 
200 mg; reducing their daily consumption of red meat and 
processed meat on average by 50 g; reducing their alcohol 
beverage consumption on average by 1 drink per day; in-
creasing their moderate/vigorous physical activities on av-
erage by 250 metabolic equivalent task minutes per week; 
increasing the prevalent use of tamoxifen/raloxifene for 
breast cancer prevention among women age 35-79 years to 
5%; and increasing the uptake rate of colorectal and breast 
cancer screening to 90%. The prevalence of risk factors and 
screening uptake rates are shown in Table 1.36

The prevalence of risk factors and the screening uptake 
rates were estimated using SAS-Callable SUDAAN ver-
sion 11.0 (RTI International), accounting for complex sur-
vey designs. The percent reduction in cancer death rates 
was calculated using SAS version 9.4 (SAS Institute Inc).

Results
What Is Cancer Mortality Likely to Look Like  
in 2035?
Figure 1 shows observed (1969-2015) and projected (2016-
2035; represented by the blue line) overall cancer death rates 
for both sexes combined in the United States. The projec-
tion through 2035 represented by the blue line assumes that 

Death rate=Death rate of the unexposed group∗

I
∑

0

P
i
×RR

i
,
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TABLE 1. Distribution of Risk Factors by Sex Among Adults Aged ≥30 Years and Uptake Rate of Recommended 
Screenings

RISK FACTOR/SCREENING

2005 PREVALENCE, %
2015 PREVALENCE AMONG 
COLLEGE GRADUATES, % OPTIMAL PREVALENCE, %a

MEN WOMEN MEN WOMEN MEN WOMEN

Cigarette smoking

Never 48.2 61.6 69.2 73.7 78.5 81.1

Former 29.4 21.0 24.6 20.8 17.5 14.9

Current 22.3 17.3 6.2 5.5 4.0 4.0

Body mass index, kg/m2

<18.5 0.8 1.5 1.0 1.8 1.6 3.3

18.5-24.9 24.1 33.7 23.7 41.0 41.6 49.5

25.0-29.9 41.6 28.4 42.8 26.8 43.1 27.8

30.0-34.9 22.4 18.9 22.6 15.4 11.2 11.9

35.0-39.9 7.7 10.1 6.0 8.1 2.0 5.1

≥40.0 3.3 7.4 4.0 6.9 0.4 2.5

Fruit/vegetable intake, g/d

0-99 19.6 23.5 13.8 18.3 0.0 0.0

100-199 23.8 26.5 24.2 23.2 23.8 26.3

200-299 22.1 21.2 22.6 20.9 25.2 25.9

300-399 13.6 12.6 17.2 17.9 19.4 19.7

≥400 20.9 16.3 22.2 19.7 31.5 28.1

Fruit intake, g/d

0-49 46.0 45.0 39.2 37.6 0.0 0.0

50-99 9.7 11.4 12.1 11.3 50.2 45.9

100-149 10.6 12.4 13.1 12.6 10.4 12.3

150-199 8.5 9.8 8.0 11.4 9.9 11.0

200-249 6.1 6.4 6.0 7.8 6.8 9.0

≥250 19.0 15.0 21.7 19.2 22.7 21.7

Red meat consumption, g/d

0-9 44.1 53.2 52.3 60.1 64.1 77.6

10-99 30.6 34.0 28.0 28.4 24.5 18.5

≥100 25.3 12.8 19.7 11.5 11.4 4.0

Processed meat consumption, g/d

0-5 52.4 63.5 57.4 65.3 74.6 83.9

5-49 21.3 21.9 19.3 18.5 13.1 10.7

≥50 26.4 14.6 23.3 16.3 12.3 5.4

Dietary fiber intake, g/d

0-9 22.2 34.0 9.8 18.9 0.0 0.0

10-19 45.0 47.6 42.7 45.7 19.6 28.7

20-29 21.8 14.0 29.9 26.2 41.9 45.6

≥30 11.1 4.4 17.5 9.2 38.5 25.7

Dietary calcium intake, mg/d

0-199 2.2 4.3 0.7 1.3 0.0 0.0

200-399 10.3 14.4 8.1 8.1 2.0 2.5

400-599 15.1 21.8 11.9 18.3 9.6 13.0

600-799 17.1 20.1 16.3 18.5 13.5 19.0

800-999 14.7 13.1 14.8 18.9 14.7 18.3

≥1000 40.7 26.3 48.2 34.9 60.2 47.3
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mortality will continue to decline at rates similar to those 
of the most recent time period in the general population. 
Between 2015 and 2035, overall cancer death rates are pro-
jected to decline by 26.4% in both sexes combined. During 
the corresponding period, death rates are projected to decline 
by 30.3% in males and by 24.6% in females (Fig. 2, repre-
sented by the blue line) if sex-specific declines in cancer mor-
tality rates over the next 20 years continue at the current pace.

Table 2 shows observed (1990 and 2015) and projected 
(2035) death rates and percent changes in the rates for the 
4 most common cancers (lung, colorectum, prostate, and 
female breast cancers) and for 3 cancers (pancreas, liver, and 
uterus) with increasing death rates. The 4 common can-
cers account for nearly one-half of all cancer deaths and are 
the main driver for the steady decline in the overall cancer 
death rates over the past 25 years because the rates for each 
of the 4 cancers declined by 31% to 51% since 1990.

What Can Cancer Mortality Look Like in 2035  
(A Challenge Goal)?
Progress in reducing cancer death rates is steeper and death 
rates are lower among Americans with at least a college de-
gree compared with the US population as a whole. From 
2001 to 2015, for example, overall cancer death rates in 
the United States decreased by 2.6% per year in college-
educated persons versus 1.5% per year in all populations. 
If overall cancer death rates from 2020 to 2035 in the US 
general population decline at the pace of college graduates, 
overall cancer death rates in 2035 will drop by 38.3% from 
the 2015 level and by 54.4% from the 1990 level (Fig. 1) 
(Table 2). The corresponding percent declines by sex from 
2015 are 39.3% in males and 37.7% in females, and those 
from 1990 are 58.8% in males and 51.6% in females (Fig. 2)  
(Table 2). We estimate that expeditiously moving toward 
this goal could lead to approximately 1.3 million fewer 

RISK FACTOR/SCREENING

2005 PREVALENCE, %
2015 PREVALENCE AMONG 
COLLEGE GRADUATES, % OPTIMAL PREVALENCE, %a

MEN WOMEN MEN WOMEN MEN WOMEN

Moderate/vigorous physical activity,  
MET min/wk

0-249 46.1 50.8 37.5 38.6 0.0 0.0

250-499 9.1 10.5 8.9 10.2 53.6 57.1

500-749 8.5 8.1 7.5 8.6 7.9 8.6

750-999 5.4 5.9 7.4 6.8 5.5 7.4

≥1000 MET 31.0 24.7 38.7 35.7 33.0 27.0

Vigorous physical activity, MET min/wk

0-249 72.9 76.8 61.5 65.6 0.0 0.0

250-499 5.0 3.6 5.5 3.3 75.2 80.4

≥500 22.1 19.6 33.0 31.0 24.8 19.6

Alcohol intake, drinks/d

0 32.7 45.8 20.3 25.5 67.5 83.5

0.1-0.9 35.6 40.3 42.1 50.4 9.4 6.4

1.0-3.9 20.6 10.6 26.9 19.8 13.0 7.2

≥4.0 11.0 3.3 10.6 4.3 10.0 3.0

Tamoxifen/raloxifene

Use of tamoxifen/raloxifene — 0.1b — 0.5b — 5.0b

Screening

Colorectal cancer screening 58.8 58.8 71.6 69.5 90.0 90.0

Mammography — 69.5 — 76.7 90.0 90.0

Abbreviations: MET, metabolic equivalent task.
aOptimal levels: smoking prevalence drops to the level of those with a master’s degree; body mass index drops to the level of the 1970s; on the basis of 2015 
level, adult Americans increases their daily consumption of fruits and vegetables on average by 100 g, dietary fiber by 10 g, and dietary calcium by 200 mg; 
 reduces their daily consumption of red meat and processed meat on average by 50 g each; reduces alcohol beverage consumption on average by 1 drink per day; 
increases moderate/vigorous physical activities by 250 MET minutes per week; the use of tamoxifen/raloxifene among women age 35-79 years increases to 5%; 
and the uptake rates of both colorectal and breast cancer screening increase to 90%.
bAdapted from Waters EA, Cronin KA, Graubard BI, Han PK, Freedman AN. Prevalence of tamoxifen use for breast cancer chemoprevention among U.S. women. 
Cancer Epidemiol Biomarkers Prev. 2010;19:443-446.36 The prevalence of tamoxifen use in 2005 was 0.08% among US women aged 40 to 79 years without a 
personal history of breast cancer and was assumed to be 0.5% in 2015 for college graduates and 5% at the optimal level.

TABLE 1. Continued
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cancer deaths from now to 2035 and 122,500 fewer deaths 
in 2035 alone.

Table 2 also shows the challenge goals for common 
cancer sites from the levels of 1990 and 2015. The goal of 
mortality reduction between 2015 and 2035 is 49.3% (about 
50%) for lung cancer, 54.2% (about 55%) for colorectal can-
cer, 40.9% (about 40%) for female breast cancer, and 53.4% 
(about 55%) for prostate cancer.

The Pathway Toward Achieving the Goal
We estimated that, if the prevalence of some major risk fac-
tors (smoking, excess body weight, low fruit and vegetable 
consumption, red meat consumption, processed meat con-
sumption, low dietary fiber consumption, low dietary cal-
cium consumption, alcohol intake, physical inactivity, and 
nonadherence to evidence-based use of tamoxifen/raloxifene  
for breast cancer prevention), and colorectal cancer and 
breast cancer screening rates among all Americans can reach 
the levels of college graduates in 2015 by 2025 and 2030, 
respectively, we will see a 20.5% drop in the overall cancer 
death rate in 2035 compared with the rate in 2015 (Table 3).

If risk factor prevalence and screening rates become 
more optimal (smoking prevalence drops to the level of 
those with a master’s degree; body mass index levels drop 
to the level of the 1970s; on the basis of 2015 levels, adult 
Americans increase their daily consumption of fruits and 
vegetables on average by 100 g, dietary fiber by 10 g, and 
dietary calcium by 200 mg; reduce their daily consumption 
of red meat and processed meat on average by 50 g; reduce 
their alcohol beverage consumption on average by 1 drink 
per day; increase their moderate/vigorous physical activities 
by 250 metabolic equivalent task minutes per week; increase 
the use of tamoxifen/raloxifene among women age 35-79 
to 5%; and increase the uptake rate of colorectal and breast 
cancer screening to 90%), then the overall cancer death rate 
between 2015 and 2035 will drop by 33.5%.

Table 3 also shows the percent of death rate reduc-
tion from 2015 to 2035 by achieving these risk factor and 

FIGURE 1. Observed (1969-2015) and Projected (2016-2035) Cancer Death 
Rates in the United States. Rates were age standardized to the 2000 US 
standard population. Blue dots represent observed death rates; the blue 
line after 2015 represents projected death rates (2016-2035) based on 
current trends among the general population and the red line after 2019 
represents projected death rates (2020-2035) based on the average annual 
percent change in overall cancer death rates during 2001 through 2015 for 
college graduates.

FIGURE 2. Observed (1969-2015) and Projected (2016-2035) Cancer Death Rates by Sex in the United States. Rates were age standardized to the 2000 US 
standard population. Blue dots represent observed death rates; the blue line after 2015 represents projected death rates (2016-2035) based on current 
trends among the general population and the red line after 2019 represents projected death rates (2020-2035) based on the average annual percent 
change in overall cancer death rates during 2001 through 2015 for college graduates.
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screening targets for some major cancer sites. The reduction 
ranges from 50% to 66% for lung cancer, from 32% to 81% 
for colorectal cancer, from 6% to 18% for female breast can-
cer, from 10% to 17% for pancreatic cancer, and from 15% 
to 36% for liver cancer.

Discussion
The ACS 2035 Challenge Goals
By applying the AAPC in overall cancer death rates of 
college-educated Americans during 2001 through 2015 to 
the US general population beginning in 2020, we projected 
that the 2035 overall cancer death rate will drop by 38.3% 
from the 2015 rate and by 54.4% from the 1990 rate. For 
ease of communication, we set the ACS 2035 challenge 
goal as a 40% reduction in the overall cancer death rate 
between 2015 and 2035. Achieving this goal could lead to 
approximately 1.3 million fewer cancer deaths during 2020 
through 2035 and 122,500 fewer deaths in 2035 alone.

One lesson from the previous goal-setting practices is that a 
challenge goal should be potentially achievable. In setting the 
2035 goal, we decided to use a reference cohort—a well defined 
population with better cancer outcomes than the US popula-
tion as a whole. The future outcomes for the United States 
based on cancer trends in the reference population and in the 
entire US population can be projected and compared. Race/
ethnicity and educational attainment (as a marker of SES) are 
the 2 indicators that we considered in selecting the reference 
cohort. Compared with race/ethnicity, educational attainment 
is a better indicator of exposure to cancer risk factors, adherence 
to cancer screening guidelines, and access to cancer care. In 
addition, a substantial extent of racial/ethnic disparity is be-
cause of SES. Therefore, the cohort chosen for reference was 
the US population aged 25 years or older with a college de-
gree. This cohort comprises 32% of all Americans older than 

25 years.11 Previous studies reported that progress in reducing 
cancer mortality in the United States is greatest in persons with 
a college degree19,20,37 and that eliminating education-related 
inequalities would have a greater effect on reducing disparities 
in cancer mortality than eliminating racial/ethnic inequali-
ties.11 Of note, historically, death rates for all cancers combined 
and for most major cancer sites (lung, colorectum, and female 
breast) were higher in high SES populations, which included 
highly educated persons, than in low SES populations, because 
the former had higher prevalence of risk factors, such as smok-
ing and an unhealthy diet.38 The reversal of this SES and 
cancer mortality association in addition to the subsequent 
widening socioeconomic disparities in cancer mortality 
suggest that high SES populations have benefited more 
from cancer interventions than low SES populations. To 
mitigate cancer disparities and eventually reduce cancer 
burden among the entire population, tailored interventions 
are needed among low SES populations as some socioeco-
nomic constraints may limit their abilities to change heath 
behaviors and their access to care.

Consistent with previous studies,19,20,39 we found that 
progress in reducing cancer death rates was steeper and 
death rates were lower in Americans with at least a college 
degree compared with the US population as a whole. From 
2001 to 2015, the overall cancer death rate in the United 
States decreased by 2.6% per year in college-educated per-
sons versus 1.5% per year in all populations. These differ-
ential trends between college graduates and the general 
population largely ref lects differences in the prevalence of 
known risk factors and uptake of cancer screening, as well 
as access to and utilization of high-quality care.38 Although 
the prevalence of known risk factors is lower and the rates of 
receipt of standard of cancer care are higher in college grad-
uates compared with noncollege graduates, the patterns in 

TABLE 2. Observed and Projected Cancer Death Rates (per 100,000 Population) by Cancer Site

CANCER SITE

OBSERVED DEATH RATE PROJECTED DEATH RATEa CHALLENGE GOALb 

1990 RATE 2015 RATE
% CHANGE 
FROM 1990 2035 RATE

% CHANGE 
FROM 2015

% CHANGE 
FROM 1990 2035 RATE

% CHANGE 
FROM 2015

% CHANGE 
FROM 1990

All cancers 214.9 158.7 −26.2 116.8 −26.4 −45.7 97.9 −38.3 −54.4

Male 279.8 189.9 −32.1 132.3 −30.3 −52.6 115.3 −39.3 −58.8

Female 174.7 135.8 −22.3 102.4 −24.6 −41.6 84.6 −37.7 −51.6

Lung 58.9 40.6 −31.1 24.5 −39.7 −58.5 20.6 −49.3 −65.0

Colorectum 24.6 14.0 −43.1 9.0 −35.7 −62.5 6.4 −54.2 −74.0

Female breast 33.1 20.3 −38.7 14.8 −27.1 −54.7 12.0 −40.9 −63.7

Prostate 38.6 18.9 −51.0 9.8 −48.1 −75.1 8.8 −53.4 −77.2

Liver 3.6 6.6 83.3 10.4 57.6 181.1 7.7 16.0 113.9

Pancreas 10.7 11.0 2.8 11.6 5.5 8.4 10.2 −7.1 −4.7

Uterus 4.3 4.8 11.6 7.0 45.8 66.7 5.3 9.8 23.3

aThe projected death rates are the rates assuming current mortality trends continue until 2035.
bThe challenge goals for 2035 are the rates if all Americans experience the mortality trends of college-educated Americans during 2001 through 2015 starting 
in 2020.
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college graduates are far from optimal. For example, 7% of 
college graduates in the United States are current smok-
ers, 28% are obese, and 17% are physically inactive.40,41 
Therefore, concerted efforts to promote healthy behaviors 
(quitting smoking, achieving and maintaining a healthy 
body weight, being physical active) and increasing access 
and utilization of known, evidence-based medical interven-
tions (screening, diagnostics, and treatment) in all popula-
tions, including college graduates, are essential to achieving 
the 2035 challenge goal. 

In addition to the overall cancer mortality goal, we es-
timated challenge goals for cancers of the lung, colorec-
tum, prostate, and female breast, which together account 
for nearly one-half of all cancer deaths. These 4 major 
cancer sites were the main drivers for the steady decline 
in the overall cancer death rates over the past 25 years and 
will continue to be the focus of the 2035 challenge goal. 
The targeted percent decreases from 2015 to 2035 are 50% 
for lung cancer, 55% for colorectal cancer, 40% for female 
breast cancer, and 55% for prostate cancer.

Lung cancer mortality rates peaked in 1991 and likely 
will continue declining during the next 2 decades because of 
declines in smoking prevalence over the past several decades 
and expected declines in the future. It is well established 
that screening and modern treatment reduce colorectal can-
cer incidence and mortality. Colorectal cancer death rates 

were declining before screening became common, since the 
1980s in men and the 1950s in women, in part because of 
changes in dietary patterns, reductions in smoking, and in-
creased use of anti-inflammatory drugs and of hormone re-
placement therapy (women only).42,43 It is noteworthy that, 
historically, colorectal cancer death rates were higher in 
high-SES than in low-SES groups but were reversed in the 
1950s.38 Despite the long-term mortality decline, however, 
colorectal cancer death rates have increased slightly among 
adults aged 20 to 54 years over the past decade.43 Reasons 
for this increase are unknown, but it may in part ref lect 
the obesity epidemic and unhealthy diet.43,44 Because the 
obesity epidemic and increasing unhealthy diet are likely to 
continue, targeted interventions are needed to slow down or 
reverse these unfavorable trends.

Breast cancer screening and treatment have improved 
dramatically over the past 40 years. Previous studies sug-
gested that adjuvant chemotherapy and screening each have 
contributed to about one-half of the decline in mortality 
in this disease.45 However, similar to colorectal cancer, the 
decline in breast cancer mortality because of treatment and 
screening may have been attenuated by the obesity epidemic. 
Adulthood obesity has been linked to an increasing risk of 
postmenopausal breast cancer.21 The high prevalence of 
childhood obesity is a recent phenomenon and may transition 
to a higher rate of adulthood obesity in the United States.

TABLE 3. Proportional Reduction (%) in Death Rates From Improvement in Cancer Risk Factor and Screening to Optimal 
Levelsa 

RISK FACTOR

PROPORTIONAL REDUCTION IN DEATH RATE, %

LUNG COLORECTUM
BREAST 

(FEMALE) PANCREAS LIVER OTHER RELATED CANCER SITES ALL CANCERS

Tobacco 47.9-59.3 6.4-8.3 8.7-10.3 13.7-17.2 Oral cavity and pharynx, 32.7-39.4; esophagus, 
25.6-33.6; stomach, 10.4-13.5; larynx, 
51.3-60.5; cervix, 8.6-11.9; kidney, 8.4-11.5; 
urinary bladder, 24.2-31.7; leukemia, 7.9-10.5

17.0-21.1

Excess body 
weight

0.3-2.0 1.4-4.3 1.1-6.7 1.6-13.7 Esophagus, 1.0-12.9; stomach, 0.1-1.2; 
gallbladder, 3.2-14.5; corpus uteri, 6.0-20.6; 
ovary, 0.5-1.5; kidney, 1.6-13.2; thyroid, 
0.8-4.4; multiple myeloma, 0.7-4.4

0.4-2.6

Physical inactivity 2.2-3.2 0.7-1.4 Corpus uteri, 5.1-7.3 0.3-0.5

Alcohol use 0.0-3.6 0.0-5.6 0.0-4.9 Esophagus, 0.0-4.1; lip, oral cavity, pharynx, 
0.0-13.2; larynx, 0.0-3.3

0.0-1.3

Fruit/vegetable 2.1-6.7 Oral cavity, pharynx, larynx, 2.2-7.8 0.6-1.9

Red meat/
processed meat

1.9-8.3 Stomach, 0.9-5.3 0.2-0.8

Dietary fiber 2.8-7.9 0.2-0.7

Dietary calcium 2.2-4.7 0.2-0.4

Nonuse of tamoxifen/
raloxifene

0.2-1.9 0.0-0.1

Lack of screening 16.3-43.1 1.7-4.7 1.6-4.1

All factors 50.0-66.0 32.1-81.1 5.5-17.9 9.8-17.0 15.3-35.8 20.5-33.5

aThe lower bound of the proportion was calculated based on the levels of college-educated Americans in 2015; the upper bound was calculated based on the 
optimal levels listed in the last column of Table 1.
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Prostate cancer death rates have dropped significantly 
since the early 1990s. Screening and treatment each likely 
contributed to some of the decline.46 Prostate cancer death 
rates, however, have declined in 20 or more countries with-
out screening.47 There are data suggesting a link between 
high-grade, deadly prostate cancer and tobacco use,48,49 but 
the contribution of the decline in smoking prevalence to 
the declining prostate cancer mortality rate is unknown. 
A recent study, however, found that the pace of decline in 
prostate cancer death rates in the United States is slowing 
during the most recent period.50

Mortality rates are increasing for cancers of the pancreas, 
liver, and corpus uterus (endometrial). However, they are not 
expected to rise such that they will substantially affect the 
overall cancer mortality trend. The age-adjusted pancreatic 
cancer death rate has risen from 10.6 per 100,000 popula-
tion in the early 1980s to 11.0 per 100,000 population in 
2015 and is projected to be 11.6 per 100,000 population in 
2035 (Table 2). Pancreatic cancer is associated with smoking 
and obesity.21,51 The increasing number of Americans who 
are obese throughout adulthood may have contributed to the 
increase in pancreatic cancer incidence and death rates.

The age-adjusted liver cancer death rate per 100,000 
population rose from 2.8 in 1975 to 6.6 in 2015. Factors that 
are thought to contribute to this increase include the obesity 
epidemic, the high prevalence of chronic hepatitis C virus 
(HCV) infection among baby boomers, and an increase in 
alcohol consumption.52 The relatively new treatments for 
HCV infection can attenuate or reverse the rising liver can-
cer rates, although the drugs have yet to be disseminated 
widely because of their high cost.53 It is estimated that less 
than 20% of Americans diagnosed with HCV infection are 
treated, and the majority of those with HCV infection have 
not been diagnosed.53,54 Cancer of the uterine corpus is the 
malignancy most associated with obesity and physical inac-
tivity,21,55 and there is an opportunity to halt or reverse the 
unfavorable mortality trend of pancreatic, liver, and endo-
metrial cancers through individual and community actions 
to promote healthful lifestyles, such as achieving and main-
taining a healthy body weight, being physically active, and 
consuming a healthy diet.

The Pathways Toward Achieving the Goals
It is estimated that known, modifiable risk factors of cancer 
are responsible for 45.1% of all cancer deaths in 2014 in the 
United States.21 This indicates that a substantial proportion 
of cancer deaths could be prevented by a broader adoption 
of more healthful habits.

We estimate that, if the prevalence of some major risk 
factors and colorectal cancer and breast cancer screening 
rates among all Americans can achieve the levels of college 
graduates in 2015 by 2025 and 2030, respectively, we will 
see a 20.5% drop in the overall cancer death rate in 2035 

compared with the 2015 rate, attaining about one-half of the 
challenge goal. As previously noted, the risk factor and can-
cer screening profiles among college graduates are still far 
from optimal. If risk factor prevalence and screening rates in 
2025 for the general population become more optimal than 
those of college graduates in 2015 (as listed in Table 1),36 
then the overall cancer death rate will drop by 33.5% be-
tween 2015 and 2035, attaining 85% of the challenge goal.

These results suggest that intensified, coordinated efforts 
by civil societies, policy makers, and community leaders for 
the broad application of known interventions tailored to 
different socioeconomic groups have the potential to reduce 
cancer mortality to a level close to the 2035 ACS challenge 
goal. Furthermore, wider dissemination of existing targeted 
therapies and immunotherapies56,57 and of new discoveries 
in prevention and early detection methods and treatments 
within the next decade could further accelerate the reduction 
in cancer death rates and lead to achieving or even exceed-
ing the challenge goal. Clinicians will play a critical role in 
achieving the 2035 goals by helping their patients adhere 
to recommended preventive services. Previous studies have 
shown that provider-based interventions are effective in both 
primary prevention and promoting cancer screening.58-60

Limitations
As with any projections, there are limitations. First, we 
used log-linear extrapolation to predict future cancer 
death rates. Without modelling changes in risk factors, 
screening, and treatments, our projected rates are subject 
to some levels of uncertainty. Second, the racial compo-
sition of the US population is also expected to change. 
Between 2015 and 2035, the shares of the Hispanic and 
Asian populations, the 2 populations with the lowest can-
cer death rates, are projected to increase from 17.4% to 
22.8% and from 5.4% to 7.0%, respectively.61 However, 
we did not account for the change in racial composition 
in the projection of rates, which are likely to be overesti-
mated. Third, because of a lack of stable data for college-
educated Americans, we did not include some known risk 
factors, including hepatitis virus infections and ultra-
violet radiation exposure, which collectively account for 
nearly 4% of total cancer deaths.21 Fourth, we selected 5% 
as the target level of tamoxifen/raloxifene use for breast 
cancer prevention among women age 35-79 years. It is 
estimated that although about 15% of US women age 
35-79 years are eligible for breast cancer chemopreven-
tion, less than 5% of women age 35-39 years may have 
a favorable risk-benefit profile.62 In addition, because of 
limited data, we did not examine the potential effect of 
cervical cancer screening (because of the relatively small 
numbers of cervical cancer deaths), human papillomavi-
rus vaccination, lung cancer screening, and advances in 
cancer treatment on future cancer mortality reduction. 
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Therefore, the mortality reductions from decreasing risk 
factors and increasing cancer screening are likely to have 
been underestimated in our study.

Conclusions
Over the past 6 decades, cancer research has yielded signifi-
cant knowledge concerning its causes, screening, diagnosis, 
and treatment. Unfortunately, that knowledge has not been 
put into practice consistently and equitably throughout the 
entire population. Consequently, every year, the American 
public loses over $80 billion for direct medical costs and 
hundreds of thousands of lives because of premature cancer 
deaths. Indeed, this futuring exercise demonstrates that we 
can significantly reduce cancer mortality if all sectors of so-
ciety enjoy good preventive and therapeutic care. Future pro-
gress in the “war on cancer” depends on the extent to which 
policy makers and the American public can join together to 
create systems to provide adequate health care to all.

Previous articles in this ACS cancer control blueprint 
series have summarized knowledge, opportunities (includ-
ing the proportion of potentially preventable cancer cases 
and deaths),21 and unanswered questions in cancer control,8 
including the prevention24 and early detection of cancer.25 
The blueprint series includes an article about the strengths 
and shortcomings of our current health care system,26 as 
well as an article outlining current knowledge, opportu-
nities, and research questions that must be answered to 
improve the delivery of survivorship care.27 The ACS will 
continue the cancer control blueprint series by publishing an 
article about addressing the social determinants of health. 
The final entry will provide a cancer research blueprint 

based on an in-depth series of interviews with leading can-
cer researchers.

The greatest pay-off in terms of cancer deaths prevented 
is through continued work on tobacco control, followed by 
an effort to control excess body weight. This would require 
a change in the behavior of the US population and culture 
of a magnitude very similar to that of the changes regarding 
smoking since the mid-1960s. Such a change would reduce 
cancer incidence and death rates toward the 2035 goals and 
also would reduce incidence, morbidity, and mortality from 
several other chronic diseases, including cardiovascular dis-
ease, diabetes, and orthopedic conditions. It also has the 
potential to substantially reduce America’s health care costs.

Previous studies showed that a substantial number of 
Americans receive less than optimal care.63-68 Widespread 
and equitable access to and utilization of high-quality care 
(both preventive and therapeutic) is necessary to achieve 
the 2035 challenge goal of reducing cancer mortality from 
the 2015 level. A 33.5% reduction in age-adjusted cancer 
mortality can only be achieved if the entire community acts 
urgently to ensure that everyone in the United States has 
the opportunity to benefit from the interventions described 
in the ACS cancer control blueprint series. Accelerating 
research progress will be needed to meet or even exceed 
our challenge goal of a 40% reduction in cancer mortal-
ity. Indeed, perhaps the most important and pertinent re-
search question in cancer control is: “How can we provide 
adequate high-quality care, including preventive care, to 
as many Americans as possible while also continuing the 
basic, translational, and clinical research that will improve 
tomorrow’s standard of care?”■

References
 1. Doll R, Peto R. The causes of cancer: 

quantitative estimates of avoidable risks 
of cancer in the United States today.  
J Natl Cancer Inst. 1981;66:1191-1308.

 2. Bailar JC 3rd, Smith EM. Progress against 
cancer? N Engl J Med. 1986;314:1226-1232.

 3. Byers T, Wender RC, Jemal A, Baskies 
AM, Ward EE, Brawley OW. The 
American Cancer Society challenge goal 
to reduce US cancer mortality by 50% be-
tween 1990 and 2015: results and reflec-
tions. CA Cancer J Clin. 2016;66:359-369.

 4. Jemal A, Thun MJ, Ries LA, et al. Annual 
report to the nation on the status of can-
cer, 1975-2005, featuring trends in lung 
cancer, tobacco use, and tobacco control. 
J Natl Cancer Inst. 2008;100:1672-1694.

 5. Jemal A, Ward E, Thun M. Declining 
death rates reflect progress against can-
cer. PLoS One. 2010;5:e9584.

 6. Cronin KA, Lake AJ, Scott S, et al. 
Annual report to the nation on the status 

of cancer, part I: national cancer statis-
tics. Cancer. 2018;124:2785-2800.

 7. Edwards BK, Brown ML, Wingo PA, et al. 
Annual report to the nation on the status 
of cancer, 1975-2002, featuring popula-
tion-based trends in cancer treatment.  
J Natl Cancer Inst. 2005;97:1407-1427.

 8. Siegel RL, Jemal A, Wender RC, Gansler 
T, Ma J, Brawley OW. An assessment of 
progress in cancer control. CA Cancer  
J Clin. 2018;68:329-339.

 9. Siegel RL, Miller KD, Jemal A. Cancer 
statistics, 2019. CA Cancer J Clin. 2019; 
69:7-34.

 10. Lortet-Tieulent J, Soerjomataram I, Lin 
CC, Coebergh JWW, Jemal A. U.S. bur-
den of cancer by race and ethnicity ac-
cording to disability-adjusted life years. 
Am J Prev Med. 2016;51:673-681.

 11. Siegel R, Ward E, Brawley O, Jemal A. 
Cancer statistics, 2011: the impact of 
eliminating socioeconomic and racial 
disparities on premature cancer deaths. 
CA Cancer J Clin. 2011;61:212-236.

 12. Jemal A, Robbins AS, Lin CC, et al. 
Factors that contributed to black-white 
disparities in survival among nonelderly 
women with breast cancer between 2004 
and 2013. J Clin Oncol. 2018;36:14-24.

 13. Robbins AS, Siegel RL, Jemal A. Racial 
disparities in stage-specific colorectal 
cancer mortality rates from 1985 to 2008. 
J Clin Oncol. 2012;30:401-405.

 14. Naishadham D, Lansdorp-Vogelaar I, 
Siegel R, Cokkinides V, Jemal A. State 
disparities in colorectal cancer mor-
tality patterns in the United States. 
Cancer Epidemiol Biomarkers Prev. 2011; 
20:1296-1302.

 15. Ross K, Kramer MR, Jemal A. Geographic 
inequalities in progress against lung 
cancer among women in the United 
States, 1990-2015. Cancer Epidemiol 
Biomarkers Prev. 2018;27:1261-1264.

 16. Siegel RL, Sahar L, Portier KM, Ward 
EM, Jemal A. Cancer death rates in US 
congressional districts. CA Cancer J Clin. 
2015;65:339-344.



CA CANCER J CLIN 2019;69:351–362

361VOLUME 69 | NUMBER 5 | SEPTEMBER/OCTOBER 2019

 17. Jemal A, Siegel RL, Ma J, et al. 
Inequalities in premature death from 
colorectal cancer by state. J Clin Oncol. 
2015;33:829-835.

 18. Jemal A, Simard EP, Xu J, Ma J, 
Anderson RN. Selected cancers with in-
creasing mortality rates by educational 
attainment in 26 states in the United 
States, 1993-2007. Cancer Causes Control. 
2013;24:559-565.

 19. Kinsey T, Jemal A, Liff J, Ward E, Thun 
M. Secular trends in mortality from 
common cancers in the United States 
by educational attainment, 1993-2001.  
J Natl Cancer Inst. 2008;100:1003-1012.

 20. Ma J, Siegel RL, Islami F, Jemal A. 
Temporal trends in liver cancer mortality 
by educational attainment in the United 
States, 2000-2015 [published online April 
8, 2019]. Cancer. doi:10.1002/cncr.32023

 21. Islami F, Goding Sauer A, Miller KD,  
et al. Proportion and number of cancer 
cases and deaths attributable to poten-
tially modifiable risk factors in the United 
States. CA Cancer J Clin. 2018;68:31-54.

 22. Goding Sauer A, Siegel RL, Jemal A, 
Fedewa SA. Current prevalence of 
major cancer risk factors and screening 
test use in the United States: dispari-
ties by education and race/ethnicity. 
Cancer Epidemiol Biomarkers Prev. 2019; 
28:629-642.

 23. Shavers VL, Brown ML. Racial and 
ethnic disparities in the receipt of 
cancer treatment. J Natl Cancer Inst. 
2002;94:334-357.

 24. Gapstur SM, Drope JM, Jacobs EJ, et al. 
A blueprint for the primary prevention 
of cancer: targeting established, mod-
ifiable risk factors. CA Cancer J Clin. 
2018;68:446-470.

 25. Wender RC, Brawley OW, Fedewa SA, 
Gansler T, Smith RA. A blueprint for can-
cer screening and early detection: advanc-
ing screening’s contribution to cancer 
control. CA Cancer J Clin. 2019;69:50-79.

 26. Yabroff KR, Gansler T, Wender RC, 
Cullen KJ, Brawley OW. Minimizing the 
burden of cancer in the United States: 
goals for a high-performing health care 
system [published online February 
20, 2019]. CA Cancer J Clin. 2019;69: 
166-183.

 27. Alfano CM, Leach CR, Smith TG, et al. 
Equitably improving outcomes for can-
cer survivors and supporting caregivers: 
a blueprint for care delivery, research, 
education, and policy. CA Cancer J Clin. 
2019;69:35-49.

 28. Surveillance, Epidemiology, and End 
Results (SEER) Program. SEER*Stat 
Database: Mortality-All COD, Aggregated 
With State, Total US (1969-2015) 
<Katrina/Rita Population Adjustment> 
(underlying mortality data provided by 

National Center for Health Statistics). 
Bethesda, MD: National Cancer 
Institute, Division of Cancer Control 
and Population Sciences, Surveillance 
Research Program; 2017.

 29. Centers for Disease Control and Preven-
tion, National Center for Health Statistics. 
National Vital Statistics System: Datasets 
and Related Documentation for Mortality 
Data. cdc.gov/nchs/nvss/mortality_meth-
ods.htm. Accessed December, 10, 2018.

 30. The United States Census Bureau. American 
Community Survey (ACS). PUMS Data. cen-
sus.gov/programs-surveys/acs/data/pums.
html. Accessed December, 10, 2018.

 31. National Center for Health Statistics. 
National Health Interview Survey. cdc.
gov/nchs/nhis/data_questionnaires.
htm. Accessed December, 10, 2018.

 32. Haughwout SP, Slater ME. Apparent 
per capita alcohol consumption: na-
tional, state, and regional trends, 1977- 
2016. Surveillance Report 110. 
Arlington, VA: CSR Incorporated for the 
National Institute on Alcohol Abuse and 
Alcoholism; 2018.

 33. Rey G, Boniol M, Jougla E. Estimating 
the number of alcohol-attributable 
deaths: methodological issues and il-
lustration with French data for 2006. 
Addiction. 2010;105:1018-1029.

 34. National Center for Health Statistics. 
National Health and Nutrition Examina - 
tion Survey. cdc.gov/nchs/nhanes/Default.
aspx. Accessed December 10, 2018.

 35. Crew KD, Albain KS, Hershman DL, 
Unger JM, Lo SS. How do we increase 
uptake of tamoxifen and other anti- 
estrogens for breast cancer prevention? 
NPJ Breast Cancer. 2017;3:20.

 36. Waters EA, Cronin KA, Graubard BI, Han 
PK, Freedman AN. Prevalence of tamox-
ifen use for breast cancer chemopreven-
tion among U.S. women. Cancer Epidemiol 
Biomarkers Prev. 2010;19:443-446.

 37. Ma J, Xu J, Anderson RN, Jemal A. 
Widening educational disparities in pre-
mature death rates in twenty six states 
in the United States, 1993-2007. PLoS 
One. 2012;7:e41560.

 38. Singh GK, Jemal A. Socioeconomic and 
racial/ethnic disparities in cancer mor-
tality, incidence, and survival in the 
United States, 1950-2014: over six de-
cades of changing patterns and widen-
ing inequalities. J Environ Public Health. 
2017;2017:2819372.

 39. Albano JD, Ward E, Jemal A, et al. 
Cancer mortality in the United States by 
education level and race. J Natl Cancer 
Inst. 2007;99:1384-1394.

 40. Wang TW, Asman K, Gentzke AS, et al. 
Tobacco product use among adults—
United States, 2017. MMWR Morb Mortal 
Wkly Rep. 2018;67:1225-1232.

 41. Ogden CLFT, Carroll MD, et al. 
Prevalence of obesity among adults, 
by household income and education—
United States, 2011-2014. MMWR Morb 
Mortal Wkly Rep. 2017;66:1369-1373.

 42. Siegel RL, Fedewa SA, Anderson WF,  
et al. Colorectal cancer incidence patterns  
in the United States, 1974-2013. J Natl 
Cancer Inst. 2017;109:djw322.

 43. Siegel RL, Miller KD, Fedewa SA, et al. 
Colorectal cancer statistics, 2017. CA 
Cancer J Clin. 2017;67:177-193.

 44. Sung H, Siegel RL, Rosenberg PS, Jemal 
A. Emerging cancer trends among young 
adults in the USA: analysis of a popula-
tion-based cancer registry. Lancet Public 
Health. 2019;4:e137-e147.

 45. Berry DA, Cronin KA, Plevritis SK, et al. 
Effect of screening and adjuvant therapy 
on mortality from breast cancer. N Engl 
J Med. 2005;353:1784-1792.

 46. Etzioni R, Gulati R, Tsodikov A, et al. The 
prostate cancer conundrum revisited: treat-
ment changes and prostate cancer mortal-
ity declines. Cancer. 2012;118:5955-5963.

 47. Center MM, Jemal A, Lortet-Tieulent J, 
et al. International variation in prostate 
cancer incidence and mortality rates. 
Eur Urol. 2012;61:1079-1092.

 48. Rohrmann S, Genkinger JM, Burke A, 
et al. Smoking and risk of fatal pros-
tate cancer in a prospective U.S. study. 
Urology. 2007;69:721-725.

 49. Islami F, Moreira DM, Boffetta P, 
Freedland SJ. A systematic review and 
meta-analysis of tobacco use and pros-
tate cancer mortality and incidence in 
prospective cohort studies. Eur Urol. 
2014;66:1054-1064.

 50. Siegel RL, Miller KD, Jemal A. Cancer sta-
tistics, 2018. CA Cancer J Clin. 2018;68:7-30.

 51. Hidalgo M. Pancreatic cancer. N Engl  
J Med. 2010;362:1605-1617.

 52. Welzel TM, Graubard BI, Quraishi S,  
et al. Population-attributable fractions of 
risk factors for hepatocellular carcinoma 
in the United States. Am J Gastroenterol. 
2013;108:1314-1321.

 53. Vutien P, Jin M, Le MH, et al. Regional 
differences in treatment rates for pa-
tients with chronic hepatitis C infection: 
systematic review and meta-analysis. 
PLoS One. 2017;12:e0183851.

 54. Chak E, Talal AH, Sherman KE, Schiff 
ER, Saab S. Hepatitis C virus infection 
in USA: an estimate of true prevalence. 
Liver Int. 2011;31:1090-1101.

 55. Calle EE, Rodriguez C, Walker-
Thurmond K, Thun MJ. Overweight, 
obesity, and mortality from cancer in 
a prospectively studied cohort of U.S. 
adults. N Engl J Med. 2003;348:1625-1638.

 56. Al-Qurayshi Z, Crowther JE, Hamner 
JB, Ducoin C, Killackey MT, Kandil E. 
Disparities of immunotherapy utilization  

https://doi.org/10.1002/cncr.32023
http://cdc.gov/nchs/nvss/mortality_methods.htm
http://cdc.gov/nchs/nvss/mortality_methods.htm
http://census.gov/programs-surveys/acs/data/pums.html
http://census.gov/programs-surveys/acs/data/pums.html
http://census.gov/programs-surveys/acs/data/pums.html
http://cdc.gov/nchs/nhis/data_questionnaires.htm
http://cdc.gov/nchs/nhis/data_questionnaires.htm
http://cdc.gov/nchs/nhis/data_questionnaires.htm
http://cdc.gov/nchs/nhanes/Default.aspx
http://cdc.gov/nchs/nhanes/Default.aspx


The ACS 2035 Challenge Goal

362 CA: A Cancer Journal for Clinicians

in patients with stage III cutaneous mela-
noma: a national perspective. Anticancer 
Res. 2018;38:2897-2901.

 57. Brahmer JR, Lacchetti C, Schneider BJ, et al.  
Management of immune-related adverse 
events in patients treated with immune 
checkpoint inhibitor therapy: American 
Society of Clinical Oncology clinical practice 
guideline. J Clin Oncol. 2018;36:1714-1768.

 58. US Preventive Services Task Force, Curry SJ, 
Krist AH, et al. Behavioral weight loss inter-
ventions to prevent obesity-related morbid-
ity and mortality in adults: US Preventive 
Services Task Force recommendation state-
ment. JAMA. 2018;320:1163-1171.

 59. Klabunde CN, Schenck AP, Davis WW. 
Barriers to colorectal cancer screening 
among Medicare consumers. Am J Prev 
Med. 2006;30:313-319.

 60. Park ER, Gareen IF, Japuntich S, et al. 
Primary care provider–delivered smok-
ing cessation interventions and smok-
ing cessation among participants in the 

National Lung Screening Trial. JAMA 
Intern Med. 2015;175:1509-1516.

 61. Vespa J, Armstrong DM, Medina L. Demo-
graphic Turning Points for the United 
States: Population Projections for 2020 
to 2060. Report P25-1144. census.gov/
conte nt/dam/Censu s/libra ry/publi catio 
ns/2018/demo/P25_1144.pdf. Accessed 
November 1, 2018.

 62. Freedman AN, Graubard BI, Rao SR, 
McCaskill-Stevens W, Ballard-Barbash R, 
Gail MH. Estimates of the number of US 
women who could benefit from tamoxi-
fen for breast cancer chemoprevention.  
J Natl Cancer Inst. 2003;95:526-532.

 63. Fedewa SA, Flanders WD, Ward KC,  
et al. Racial and ethnic disparities in in-
terval colorectal cancer incidence: a pop-
ulation-based cohort study. Ann Intern 
Med. 2017;166:857-866.

 64. Forrest LF, Adams J, Rubin G, White M. 
The role of receipt and timeliness of treat-
ment in socioeconomic inequalities in lung 

cancer survival: population-based, data- 
linkage study. Thorax. 2015;70:138-145.

 65. Jayadevappa R, Chhatre S, Johnson JC, 
Malkowicz SB. Variation in quality of care 
among older men with localized prostate 
cancer. Cancer. 2011;117:2520-2529.

 66. LeMasters T, Madhavan SS, Sambamoorthi 
U, Hazard-Jenkins HW, Kelly KM, Long 
D. Receipt of guideline-concordant 
care among older women with stage 
I-III breast cancer: a population-based 
study. J Natl Compr Canc Netw. 2018;16: 
703-710.

 67. Lin CC, Bruinooge SS, Kirkwood MK, 
et al. Association between geographic 
access to cancer care and receipt of  
radiation therapy for rectal cancer. Int  
J Radiat Oncol Biol Phys. 2016;94:719-728.

 68. Rhoads KF, Cullen J, Ngo JV, Wren SM. 
Racial and ethnic differences in lymph 
node examination after colon cancer re-
section do not completely explain dispari-
ties in mortality. Cancer. 2012;118:469-477.

http://census.gov/content/dam/Census/library/publications/2018/demo/P25_1144.pdf
http://census.gov/content/dam/Census/library/publications/2018/demo/P25_1144.pdf
http://census.gov/content/dam/Census/library/publications/2018/demo/P25_1144.pdf

