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CANCER PREVENTION

Applying What We Know to Accelerate
Cancer Prevention
Graham A. Colditz,1* Kathleen Y. Wolin,1 Sarah Gehlert2
More than half of the cancer occurring today is preventable by applying knowledge that we already have.
Tobacco, obesity, and physical inactivity are the modifiable causes of cancer that generate the most disease.
Cancer burden can be reduced by alterations in individual and population behaviors and by public health efforts as long as these changes are driven by sound scientific knowledge and social commitment to change. The
obstacles to these efforts are societal and arise from the organization of institutions, including academia, and in
the habits of daily life. To achieve maximal possible cancer prevention, we will need better ways to implement
what we know and improved infrastructure that will better incentivize and support transdisciplinary, multilevel
research and successful intervention.

For millennia, much of human cancer did not happen. In current
terms, it was prevented by skin melanin, along with physical activity,
diet, and other life-style habits of our ancestors. Humans did not live
long, but they usually died of causes other than cancer. The sweeping
transformation of daily life in the developed world and globally over
the past 60 years, for both people and institutions, has driven up the
burden of cancer. These changes, together with the increasing average
age of our population, will double the number of cancer cases diagnosed
annually by 2050 (1). The biggest single cause is tobacco, but there are
many others.
Forty years ago, the United States declared war on cancer, promising a cure. In the years since, we have learned that there are many
cancers, in different parts of the body, and we look almost entirely to
medicine and its clinical and laboratory developments for relief from
those cancers. Happily, the millions of Americans living after or with
cancer testify to the many advances, but the ever-growing burden of
cancer and other chronic illnesses is predicted to outstrip the national
capacity to detect, treat, and follow up the millions affected (2).
Nevertheless, there are research-proven strategies and interventions that can prevent either a substantial proportion of cancer outright or a reoccurrence after diagnosis and treatment. These lie largely
but not entirely in the realm of public health, with some participation
from the medical, biotechnological, and nonmedical communities.
But pursuing these prevention options currently requires navigating around obstacles, which takes time and reduces impact. These obstacles have obscured our view of how cancers form and progress and
have led us to focus our attention and resources to less-than-optimal
effect.
Here, we name obstacles that stand in the way of applying what we
already know. We present examples of some successes, thereby offering glimpses of the power of these approaches. There is much
more the United States and the world can be doing to prevent cancer. Right now.
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OBSTACLE 1: SKEPTICISM THAT CANCER
CAN BE PREVENTED
The causes of cancer may be classified as genetic or environmental (or
both), and we understand much more about how cancer starts than
we did 30 years ago. We have also learned effective strategies for applying this knowledge to reduce cancer risk, prevent disease, and advance population health. Moreover, we can now estimate how much
cancer can be prevented through these approaches.
We no longer need to infer the magnitude of cancer prevention
solely on the basis of international variation and migrant studies (3).
Substantial longitudinal data, improved statistical methods, and evidence from interventions indicate that changes in behavior clearly reduce cancer incidence: Smoking cessation decreases lung cancer risk
(4); selective estrogen receptor modulators (SERMs) like tamoxifen
can prevent breast cancer (5); aspirin prevents colon cancer (6).
Estimates based on a broad range of scientific evidence indicate that
more than 50% of cancers can be prevented (Table 1). Take for example the state of Utah, which at the population level has a low prevalence of current cigarette smoking, 9.8% overall in 2009. Contrast this
with a smoking prevalence of more than 25% in Kentucky (7). On the
basis of data from the National Program of Cancer Registries, the U.S.
Centers for Disease Control (CDC) estimates that lung cancer mortality varied from 97.7 deaths per 100,000 in Kentucky to 26.4 per
100,000 in Utah, a 73% lower rate (even though almost 10% of Utah’s
population continues to smoke cigarettes) (8). Thus, we conservatively
estimate that 75% or more of lung cancer could be prevented through
elimination of cigarette smoking in the United States.
Studies of cancer in groups who change from one life-style to another upon immigration reveal large changes in cancer risk and a large
potential for prevention. These studies, however, do not always address when in life the important behaviors or exposures (such as diet)
are accrued, or even which life-style factors are important. Rapid
changes in cancer incidence as populations experience industrialization, such as the soaring breast cancer rates in Korea (9), add further
evidence that cancer rates can change in step with social changes and
that, therefore, these changes can be reversed through behavioral preventive measures.
To estimate how much cancer could be avoided for each of the
causes listed in Table 1, one must monitor the cancer incidence over
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Table 1. Causes of cancer and potential reduction in cancer burden through preventive measures. N/A, not applicable.
Cause*

Magnitude of
Period of time
Percentage of Number of deaths
(years)
cancer caused in United States† possible reduction (%)

Evidence example

33

188,744

75

10–20

Comparison of lung cancer mortality by
state (Fig. 1)

Overweight and obesity

20

114,390

50

2–20

Bariatric surgery and sustained changes
in weight and markers (62)

Diet

5

28,600

50

5–20

Folate and colorectal cancer (63)

Lack of exercise

5

28,600

85

5–20

Adolescent physical activity (18)

Occupation

5

28,600

50

20–40

Asbestos workplace regulation (10)

Viruses

5

28,600

100

20–40

Liver cancer reduction by vaccine (22)

Family history

5

28,600

50

2–10

Bilateral oophorectomy for BRCA1/2 (34);
aspirin trial for Lynch syndrome (11)

Alcohol

3

17,200

50

5–20

Regulation (64)

UV and ionizing radiation

2

11,400

50

5–40

Reduced medical exposures (65)

Prescription drugs

1

5,720

50

2–10

Hormone therapy–related drop in breast
cancer (66)

Reproductive factors

3

17,200

0

N/A

N/A

Pollution

2

11,400

0

N/A

N/A

Total potential reduction‡ = 54.5%
†U.S. death estimates from the American Cancer Society (68).

time after the behavioral changes or intervention. The drop in incidence generally begins to appear relatively quickly but increases in
magnitude over years. This long time course of beneficial outcomes
requires data collection for years or decades, not at just one point soon
after intervention. Benefits do not happen instantaneously but accrue
over time. Humans are impatient, and that human trait itself is an
obstacle to cancer prevention.

OBSTACLE 2: THE SHORT-TERM FOCUS
OF CANCER RESEARCH

‡Defined as sum (percentage caused by modifiable exposure × magnitude of reduction).

Lung cancer

All causes

1.0
0.9

Relative risk of death

*Adapted from Wolin et al. (67).

0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

In Table 1, we provide estimates of the time required from a preventive action to achieve a decrease in cancer incidence or mortality.
Many of the time periods are substantial. Smoking cessation powerfully reduces lung cancer and total mortality (Fig. 1). Compared to
continuing smokers, those who successfully quit have only a 20% reduction in lung cancer mortality within 1 to 4 years of quitting, but
this climbs to a 40% reduction within 5 to 9 years (4). Smoking cessation reduces total mortality by 13% in less than 5 years, and this
increases to as much as 33% by 10 years, a result of the additional
benefits of reduced risk of cardiovascular death and of death from
other smoking-related cancers (4). The long-term benefits for smoking
cessation are unarguable and substantial.
For other cancers, it may also take decades to see the full benefit of
preventative measures, in part because at the time of intervention
some carcinogenic damage will already be in place for some people.
Asbestos-related cancer in the United Kingdom is one such example.
Regulation of workplace exposure was implemented in the 1970s, but
most low-level exposure occurs in building trades that were not covered. Despite regulations, deaths will likely continue to rise until 2020

0

<5

5-<10 10-<15 15-<20

<5

5-<10 10-<15 15-<20

Time since smoking cessation (years)

Fig. 1. The risk of death decreases with time after smoking cessation. Reduction in mortality from lung cancer (left) and from all causes (right),
according to time after cessation from smoking. Mortality reduction data
(and 95% confidence intervals) are expressed as a fraction of the mortality
risk of continuing smokers (set at 1.0). Adapted from (4).

and only then will fall, a 40- to 50-year lag from policy implementation to reductions in population burden (10). Other examples are
summarized in Table 1.
Given this reality, researchers looking for prevention effects may
err by intervening too late in the disease process, expecting reductions
in cancer over too short a follow-up time. The value of long-term
follow-up is markedly illustrated by recent data from randomized clinical trials of aspirin. Using observational data techniques, investigators looked at cancer registry and death records to trace participants
and noted that 5 years of aspirin use led to significant reductions in
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Magnitude of risk reduction

0.4

Observational studies
0.3

Randomized controlled trials

0.2

0.1

0

0

5
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12

20

Time since beginning aspirin treatment (years)

Fig. 2. The beneficial effects of aspirin in reducing risk of colorectal cancer
show a substantial lag. Data are expressed as a fraction of reduced risk
compared to untreated individuals (set at 0). Adapted from randomized
controlled trials (6) and observational studies (76).

The research on the time course of many cancers suggests that they
develop over decades. Therefore, studies and interventions should be
targeted at early stages of the human life span, but this rarely happens.

OBSTACLE 3: INTERVENTIONS DEPLOYED
TOO LATE IN LIFE
Advances in genomics, long-term follow-up of atomic bomb survivors, and prevention studies all point to a long course for tumor development. We know that life-style habits are modifiable and that such
change translates to reduced cancer risk, but a root question is whether
we are intervening early enough in life to achieve benefits. For example,
recent genomic studies of pancreatic cancer suggest that the timeline
from the first cellular changes that initiate the tumor to the parental
clone is 8 to 14 years, from the clone to subclones with metastatic potential 3 to 10 years, and a further 2 to 4 years to diagnosed metastatic
disease (which is typically followed by death within a year) (15). Thus,
pancreatic cancers form over 13 to 28 years.
The time course of pancreatic cancer development is similar to that
of colon and cervical cancer, confirming that avoidance of early risk
accumulation must occur 20 or more years before the projected onset
of symptomatic disease. Retrospective case-control studies rarely assess
data this long before diagnosis because subject recall is increasingly unreliable with longer times (16). Even the longest-running prospective
studies have almost no data beyond 30 years after the original assessment of putative cancer-causing life-style and environmental factors.
Indeed, there are few studies of adolescent and early-adult life-style
and cancer risk, and they are lost in the preponderance of evaluations
of adult diet, activity, and other risk factors. Thus, most of the available evidence on the causes of cancer is lacking data from the early
stages of the relevant time course (17). Nevertheless, because some
life-style behaviors are consistent over time, we can still glean some
information about cancer prevention from the studies that have been
done to date.
We know that behavioral changes and interventions early in the
lives of young women reduce breast and cervical cancer, because these
cancers develop over years and decades (Table 1). Physical activity,
vaccination for viruses, and minimizing sun exposure are most effective when begun early in life, for young men as well as for young
women.
More physical activity in women from the onset of menarche throughout the premenopausal years can reduce the risk of breast cancer by at
least 25% (18). In contrast, alcohol intake (a known breast cancer carcinogen) during adolescence significantly increases the risk of benign
breast disease, a precursor of breast cancer (19), while fiber intake during adolescence may substantially reduce breast cancer risk (20). These
results mean that recent reductions to or elimination of school physical education and sport programs may increase breast cancer incidence, an effect that may not be evident for decades to come. This
example illustrates why a younger, broader population than is typically
considered to be at risk for cancer must be engaged to effect meaningful prevention.
Another environmental factor that can be modified early in life to
prevent later cancers is infectious disease. Cancer resulting from infection accounts for ~5% of all cancer cases in the United States and in
most established market economies; in low- and middle-income countries, these cancers account for a substantially larger percentage of the
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mortality from colon cancer 20 or more years later (6). These results are consistent with epidemiological data showing a 30% reduction in colorectal cancer at 20 years (Fig. 2). These data are confirmed
in Lynch syndrome patients in whom no beneficial effect of aspirin
was seen after 2 years but who experienced a reduced incidence of
colorectal cancer after 5 years of follow-up (11). Thus, studies that
focus on short-term exposures or short-term follow-up almost certainly will miss the true benefits of prevention. This highlights a major
limitation of the current system of primary research funding, which
typically lasts only a maximum of 5 years.
Other interventions acting later in the process of cancer development (for example, screening) or through provision of medical services by health care providers provide other examples of prevention
strategies. We can classify these as drugs (aspirin, SERMs), vaccines,
and screening or surgical interventions. Although the time frame from
intervention to benefit varies for different cancers, most of these medical interventions result in substantial benefits, and, typically, over the
long run, the benefits outweigh the risks of exposing the population to
medical procedures (Table 2). For example, we estimated that a large
proportion of postmenopausal women would benefit from raloxifene
(a SERM), and given its relative positive trade-off of benefits to risk, its
widespread use would result in a substantial reduction in postmenopausal breast cancer (12). Likewise, for aspirin, which is recommended
for men over 45 to reduce risk of cardiovascular disease and for women
over 55 to reduce risk of cerebrovascular disease (13), the benefits for
colon and other cancer risk reduction over 20 or more years of use are
substantial (14). Perhaps the reduction in cancer is an unintended
benefit of widespread use to reduce cardiovascular disease risk. Screening for colon cancer offers another population-wide benefit from a
medical intervention—again with substantial delay from initiation of
a program to observed benefit over a decade or more. More typically
considered a population-wide intervention, vaccines require decades
to reduce cancer incidence and need broad implementation to achieve
their effects. Australia is among the countries that have embarked on
such a traditional public health strategy for the human papillomavirus
(HPV) vaccine to achieve reductions in the burden of cancer, and Taiwan
has done the same with the hepatitis vaccine.

REVIEW
Table 2. Medical interventions proven to prevent cancer. RCT, randomized controlled trial.
Intervention

Target

Magnitude of
reduction

Period of time
(years)

Evidence

Aspirin

Total cancer mortality

20%

20

Follow-up of eight RCTs (14)

Aspirin

Colon cancer mortality

40%

20

Five RCTs (6) and RCT in
Lynch syndrome (11)

SERMs (tamoxifen, raloxifene)

Breast cancer incidence

40–50%

5+

RCT (5, 69)

Salpingo-oophorectomy

Familial breast cancer

50%

3+

Synthesis of observational data (34)

Screening for colon cancer
(sigmoidoscopy and colonoscopy)

Colon cancer mortality

10

UK RCT sigmoidoscopy (33)

Sigmoidoscopy,
30–40%
Colonoscopy, 50%

Vaccines (HPV and hepatitis)

Observational data and disease
modeling (70, 71)

50–100%

Liver cancer incidence

70–100%

Mammography

Breast cancer mortality

30%

10–20

Spiral computed tomography
for lung cancer

Lung cancer mortality

20%

6+

total. Cancer-causing infections with HPV (cervix), Helicobacter pylori
(stomach), and hepatitis B and C (liver) together account for 18% of
the global cancer burden (21). Already, vaccination against hepatitis
has reduced liver cancer incidence by 70%, 20 years after initiation
of the vaccination program, although protection into later adult life
remains to be documented (22) (Table 2). Modeling indicates that
HPV vaccination programs can reduce incidence of cervical cancer
by 50 to 70%, depending on the level of vaccine coverage in the population (23).
Sun exposure also initiates cancer-promoting damage early in life.
The sun, as the primary source of ultraviolet (UV) radiation, poses a
significant risk of skin cancer, particularly but not exclusively in fairskinned Caucasians. The U.S. National Cancer Institute (NCI) estimates that there will be 70,230 new cases in 2011 in the United States
and, without prevention, this number will only increase as the protective
ozone layer recedes. Prevention recommendations as simple as avoiding
the sun in peak hours (10 a.m. to 3 p.m.), covering the skin whenever
possible, protecting exposed skin with sunscreen, and avoiding tanning
booths are effective in reducing skin cancer incidence, particularly if
these life-style changes are adopted at an early age.
The effectiveness of prevention efforts such as those described
above has been well documented. The CDC Task Force on Community Preventive Services concluded that school-based educational and
policy interventions (for children) and recreational-based educational
and policy interventions (for adults) were effective in reducing sun exposure (24). Community-scale urban design and land use policies, as
well as street-scale design, may promote physical activity (25) Both types
of intervention are exemplified by the Australian SunSmart (formerly
Slip! Slop! Slap!) program, ongoing since 1982, which aims to reduce
UV exposure through access to shade and consistent use of protective
clothing, hats, sunglasses, and sunscreen (26). SunSmart efforts include

20+

Modeling vaccination rates
and persistence of
protection (23)
Observational follow-up data from
universal population vaccination
program at birth (22, 72)
RCT and modeling (73, 74)
RCT (75)

formal accreditation of schools that adhere to its policy and practice
requirements and collaboration with governmental agencies to protect
outdoor workers.
SunSmart can be credited with successfully changing attitudes regarding sun tanning, increases in protective behavior, decreased costs
of sun protection gear, societal acceptance of more protective attire
(including hats, sunglasses, and neck-to-knee swimsuits for children),
and, most important, decreasing incidence rates of skin cancer (26).
The evidence from Australia indicates that active prevention efforts,
including television advertising campaigns, can be highly effective in
improving the population-wide sun-protective behaviors (27), resulting in falling age-specific incidence rates for melanoma in younger
birth cohorts (28). In contrast, the United States fails even to enforce
policies limiting preadolescent and adolescent tanning bed use (29).
Our now clear understanding of the years- to decades-long time
frame of tumor development, which often starts early in life, should
propel us to think anew about how we can organize and commit resources to markedly reduce the burden of cancer on individuals and
society.

OBSTACLE 4: RESEARCH FOCUS ON TREATMENT,
NOT PREVENTION
Only a small fraction of federal and nonfederal funding for cancer research goes to early detection and prevention; most is devoted to research on cancer treatment, cancer biology, and the causes of cancer
(30). Translation from discovery to clinical application by commercial
entities ensures the return of society’s collective investment in research.
Less than 1.5% of total biomedical research funding (31) is devoted to
health services and implementation of effective prevention programs.
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OBSTACLE 5: DEBATES AMONG SCIENTISTS
There is another source of inertia and delay that siphons off brainpower, time, and resources: the many disagreements among researchers
over exactly how much of cancer is preventable, implying that we should
wait to act until we are sure. However, such debates will never be resolved; they are the fiber of academic discourse and market claims.
Different approaches come up with different numbers. For example,

some have taken a rigorous quantitative approach that systematically
reviews evidence (largely of exposures close to time of diagnosis) to
estimate the magnitude of association of individual risk factors with
cancer. Then, on the basis of the prevalence of exposure in a population, the proportion that might be prevented is derived, usually
underestimating the contribution of causes of cancer (39, 40) due to
misspecification of the magnitude of association between the cause
and the cancer of interest. Arguments about the magnitude of attainable cancer prevention obscure the fact that we already know that
more than half of cancers can be prevented. Each passing year leaves
a substantially greater portion of the world population at risk for
cancer, despite our current knowledge. We have a moral responsibility
to act now and reduce that burden.

OBSTACLE 6: SOCIETAL FACTORS THAT
AFFECT HEALTH OUTCOMES
Our discussion to this point has focused on life-style habits: what
we eat, how we exercise, and which drugs, medications, and supplements we take. But life-style habits are not formed in a vacuum.
Usually missing from discussions of life-style factors is a detailed
breakdown of the social context and structural components of society
that affect humans from birth. It is essential also to consider these societal factors—region of the country, economic class, occupation structure, education level, neighborhood configuration, and health care
resources. These circumstances of living affect the choices that are
available to individuals and can determine which choices they make
(41). For example, these factors can make it difficult, if not impossible,
to quit smoking and to practice sun safety (42). Poverty or stress during
an individual’s developmental years influences cancer outcomes (43).
Indeed, living in poverty—which is strongly related to nonnutritional
diet, obesity, low educational attainment, and low health literacy—is
associated with an increased risk of dying from mortality (44). Pollution and crime, poor public transportation, lack of parks for play and
exercise, and absence of nearby supermarkets for fresh food hinder the
adoption and sustained practice of a life-style that minimizes the risk
of cancer and other diseases. As in other countries, social stratification in the United States exacerbates life-style differences such as
access to health care, especially prevention and early detection services.
Mammograms, colon screening, diet and nutrition support, smoking
cessation resources, and sun protection mechanisms are simply less
available to the poor (45). The substantial social imbalances of the
United States promote these disparities (46, 47).
It does not matter how well a new treatment or drug works or how
useful new health information is if people are unable to obtain them.
Consider, for instance, that breast cancer diagnosis at later stages of
disease, which is associated with poorer outcomes, is more common
among women living in Chicago census tracts with a higher percentage of residents below the federal poverty line (48). Higher mortality
among Chicago African-American women is associated with lowerquality mammography in medically underserved areas (49). Zeroing
in on improving conditions and services in impoverished areas could
quickly begin to reduce the disproportionate burden of cancer mortality
among minority and lower socioeconomic status groups. A promising
example is the 2009 Illinois Breast Cancer Act (PL95-1045), which
eliminates co-payments for women on Medicaid who are diagnosed
with breast cancer and incentivizes community clinics to improve the
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Accordingly, less attention is paid to the translation of scientific discovery to effective prevention and detection programs that will improve
population health. In consequence, it is not surprising that most medical interventions for cancer—such as drugs, vaccines, and screening—
only reduce mortality from cancer in a single organ. Interventions are
tailored for a particular cancer in a particular part of the body, administered according to conventional medical specialties. The hunt for
cancer drugs focuses on biologic processes in specific organ sites (32).
In contrast, behavioral interventions such as smoking cessation or
promotion of physical activity can diminish incidence and mortality
of many types of cancer and of other chronic diseases while at the
same time improving quality of life.
The U.S. health care system attends almost entirely to high-risk individuals. Much has been written on approaches to prevention through
personalized medicine, particularly for those considered at risk as
defined by pathways and markers, although seeking out individuals
with a family history of a cancer for close monitoring predates molecular methods for cancer prevention. This approach has paid off
through interventions delivered through the health care system such
as SERMs that interrupt receptor signaling and significantly reduce
breast cancer incidence (5), colon screening that removes premalignant
polyps and reduces cancer incidence and mortality (33), and bilateral
oophorectomy that reduces risk of breast cancer in high-risk women
who carry a BRCA1 mutation (34) (Table 2). Yet, evidence is mounting that targeting built environment and life-style factors will even
more significantly reduce cancer incidence, with the added benefit
of reduced burden of other chronic diseases as well, expanding the
benefit to society (35).
Rose, using heart disease as a model, emphasizes that the greatest
benefit comes from wholesale shifting of population distributions of
risk factors rather than focusing just on high-risk subsets of the population (36). This applies in breast cancer. For middle-aged women,
only 25% of breast cancer arises from the 10% of the population most
at risk, suggesting that only broadly applicable approaches will have a
substantial impact on the other 75% of breast cancer, which is spread
across the population among women with fewer risk factors (12). Evidence from more than 8500 breast cancer cases and 11,800 controls in
the breast and prostate cancer cohort consortium shows that genetic
changes in 17 germline single-nucleotide polymorphisms related to
risk are independent of the life-style and reproductive factors that
drive risk and that family history is not related to these genetic risk
markers (37). Hence, the marginal benefit of identifying high-risk
groups through genetics is trivial at a population level (38), and, therefore, we should promote population-wide changes, regardless of family patterns of inherited predisposition. A program that promotes
physical activity for all women, particularly adolescent girls, would
benefit all through exercise-induced modification of estrogen metabolism (18).

REVIEW
quality of their mammography by reimbursing them at Medicare rather
than Medicaid rates (the former are three times higher in Illinois).
Government policies from local to federal levels also further skew
the array of choices. For example, in school districts across the nation,
physical education has been eliminated because of budget cuts. And
agricultural and other food commodity lobbies ensure that salty, fatfilled cheese, high-fructose corn syrup, and corn-fed beef are prominent in food supplement programs and are subsidized in other ways
(50). Fruits and vegetables receive no government subsidies and are
therefore pricier for consumers. Yet, the nutrition-adding modifications to the Women, Infants and Children (WIC) program and the
recent disappearance of trans fats from the national diet show that
change is possible (51).

OBSTACLE 7: LACK OF TRANSDISCIPLINARY APPROACHES

OBSTACLE 8: THE COMPLEXITY
OF SUCCESSFUL IMPLEMENTATION
How do we alter policy and practice so that we as a society achieve the
reduction in cancer burden that our scientific knowledge base shows is
possible? A social strategy built on a scientific knowledge base is a key
component of promoting public health, Richmond argues (56). Cancer prevention must be implemented through a coordinated strategy
that operates through health care providers, through governmental
regulations and policies, and through social and behavioral changes
in individuals and communities. It must be sustained over a number
of years to improve the health of large numbers of people. As we have
discussed, our society and institutions are set up to make such change
profoundly difficult. Nevertheless, it has happened before and can
happen again.
Tobacco provides an example of successful implementation of
multilevel change. Approaches targeting both the provider and the individual have been effective when executed as part of large-scale, statedriven programs such as those in California and Massachusetts.
Funded by the California Tobacco Tax and Health Promotion Act of
1988, the California Tobacco Control Program (CTCP) was the first to
use a comprehensive, social-norm approach to reducing tobacco use
statewide. Despite spending from the tobacco industry in California
that was more than five times greater than the total funding of the
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As they mushroomed over the last 40 years, cancer treatment and research are divided into myriad specialties, multiple public and private
funding streams, discrete research projects, and atomistic medical,
public health, and scientific reporting. This proliferation is structured
into what some have described as separate silos or bunkers. Because
there is little or no communication among silos, there is little consensus among cancer-interested institutions and enterprises about the key
questions that need to be answered to achieve the fullest impact possible, let alone how to achieve coordinated action.
Prevention efforts, research about their efficacy, and communication with the public must be as comprehensive, multifaceted, and
unfolding over time as the disease itself (52). Successful multilevel, multisector research depends on scientists’ ability to visualize the manifold
influences on cancer from society to the cell and to understand the
complex interactions that produce worse outcomes for some groups
(53). The benefits of transdisciplinary teams that cut across disciplines
have been touted for decades—for example, the Institute of Medicine
(IOM) recommended in 2006 that National Institutes of Health (NIH)
and universities change funding and promotion systems to reward
transdisciplinary science (54)—but few such teams have been successfully assembled. Moreover, for researchers and others, operating in this
collaborative way is not intuitive. Instead, it requires training across departments, schools, and divisions early in the professional education
process.
Absent fundamental organizational change, investigators will regress toward the mean of siloed research, which is familiar and routine.
We must consider policy and structural change as a priority within the
academy. One U.S. institution, the NIH, is beginning to address the
growing urgency to bust silos through initiatives such as the Transdisciplinary Research in Energetics and Cancer (TREC), funded by the
NCI. TREC seeks to link previously separate fields—extending from
animal models to the community to the epidemiology of obesity-related
cancer burden. They fund groups of investigators who propose mutually informative studies of nutrition, physical activity, energy balance,
obesity, and cancer, projects that previously would have operated in
separate domains. These initiatives also often draw on other sources of
funding that allow for cross-national inquiry and the inclusion of investigators such as urban architects (think pedestrian- and bicycle-friendly
design, buildings with inviting stairs centrally located rather than elevators). Success requires that all participants have the opportunity and
skills to communicate with one another, ideally bidirectionally.

Producing and sustaining positive change in the nation’s health also
requires the engagement and participation of communities, as exemplified by the Illinois Breast Cancer Disparities Act designed to improve
mammography standards. Yet, few sustained community-academic
partnerships have succeeded, reflecting in part Richmond’s prediction
in 1968 that, with NIH’s increased funding, clinical research centers,
medical schools, and medical research would focus inward and ignore
their community source populations, leading to research that is disconnected from the community and society as a whole (55).
Achieving integration requires mutual respect and two-way communication among academic researchers and community stakeholders
working together throughout the research process, with a goal of a sustainable relationship. Communities are much more likely to engage in
research if they judge the research to be useful to them and a priority.
Cancer centers and academic-community networks can play an important role in coordinating relationships and ensuring that engagement with communities is respectful, meaningful, and effective.
Finally, the inattention to both transdisciplinarity and implementation of scientific knowledge is reflected in faculty governance procedures.
Research universities are organized to produce “new knowledge” for
discovery and innovation, not for implementation of that knowledge
for the benefit of all society (53). In the United States, applied science
traditionally has been the province of land-grant universities, which historically have had lower prestige. In research universities, which tend to
set standards in biomedical fields, appointment and promotion committees continue to ascribe a lower status to the application of scientific
advances to improve health care delivery and community well-being.
Development of appointment and promotion guidelines that reward
collaborative approaches to research is necessary for this aspect of research and practice to be fostered. In particular, engagement in policy
is undervalued; yet policy change is essential for improving population
health.

REVIEW

CONCLUSION
Who is responsible for applying what we know about cancer prevention to society? Even after we set forth long-term goals for reducing

cancer’s burden on society, accountability remains a formidable challenge. Are our public health schools, our medical schools and academic
health centers, or our local health departments and administrative
structures to be held to account? If yes, by whom? If no, where does
this responsibility rest? Health care reform has begun to address these
issues, but how will the accountability be implemented and who will
decide when it has occurred? With policy changes independent of the
science having so much potential influence, who is to be answerable
for their successful enactment and implementation?
To achieve prevention of cancer and chronic diseases, we must ask
and answer such questions. We must set forth targets that are achievable to sustain the political will and social change that can then accomplish a reduced cancer burden. We need methods for implementation
and the resources of academic scientists and public health practitioners,
and a means to integrate them.
Moving beyond the obstacles summarized here can speed cancer
prevention to achieve maximum benefit for society. More than half of
the 572,000 deaths from cancer in the United States in 2011 were
caused by one of the key modifiable risk factors described here, and
this figure does not even include the large number of people who died
from other chronic diseases that can be prevented through the same
prevention actions. Evidence-based strategies to effect individual and
population behavior changes, public health efforts driven by sound
knowledge, legislative support/backing, and social commitment have
the potential to rapidly reduce the cancer incidence and mortality by
more than 50% in the 21st century. An equally high proportion of
cancer globally could be prevented with what we know now.
A renewed focus on and funding of the methods for implementation science and a commitment to an academic and public health infrastructure that supports transdisciplinary research and delivery are
necessary to achieve our prevention potential. As the baby boom generation ages, their cancers are becoming clinically discernable. The
doubling in cancer cases diagnosed annually and the associated escalating costs of care demand that we act now to reduce this cancer burden
for them and the generations that follow. We must vigorously implement what we already know about preventing cancer.
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state tobacco control program, this multifaceted approach proved effective. It consisted of a combination of focused programmatic attention
on countering pro-tobacco influences in the community plus regulations reducing secondhand smoke exposure and tobacco availability.
The program decreased smoking-attributable cancer mortality in
adults 35 years and older to a rate significantly lower than comparable
U.S. rates (57).
Regulatory approaches to reduce smoking have been used successfully elsewhere in the United States. These include restriction on who
can purchase tobacco products and where individuals can smoke, advertising bans, clear warnings and health information on labels (including pictorial representations of the detrimental effects of smoking), and
price increases through taxation (58). These efforts at tobacco control
are paying off, and lung cancer rates in the United States are declining
among men at a rate of 2% per year (59). The decline in women’s rates
will take longer to accrue because they began smoking in large numbers
more recently.
The United States is not the only country using regulatory and other
measures. The effectiveness of strict restrictions on advertisements and
package labels highlighting the harmful effects of tobacco use has been
demonstrated in Brazil, where the prevalence of smoking declined
from 35% of adults in 1989 to 22% in 2003 after legislative action to
reduce tobacco promotion (60). Although tobacco has been critical
to Brazil’s economy, the Ministry of Health took multiple approaches
to reducing tobacco use. In 2000, a law was enacted that restricted advertisement of tobacco products and prohibited sponsorship of, and
merchandising at, cultural and sports events (61). Like the United States,
Brazil requires poignant health warnings and images on all tobacco
products.
There are many lessons to be gleaned from the successes of tobacco
control. First, we should remember that there was a time when smoking was a widespread custom and an easy way to be socially accepted.
Laws and ads supported, even promoted, the habit. Efforts to stop
smoking began back in the 1960s, 50-plus years ago. The tobacco industry has been a formidable opponent. For the first decades, the spotlight was on smokers; even though tobacco is addictive, the tobacco
industry could fight back by focusing on the rights of the smoker to
make a choice. In 1980s, anti-smoking forces, supported by science,
achieved growing awareness of the severely negative effects of secondhand smoke. The recognition of innocent victims—family members,
flight attendants, bartenders, and servers—accelerated change. Damages
awarded from successful litigation against the tobacco industry (the
Flight Attendant Medical Research Institute, for example) provided
funding from sources that did not have to be legislated or renewed,
could not be diverted to other purposes, and lasted for many years.
Moreover, smoking is a discrete activity that is possible to differentiate from regular customs and habits and prohibit. The desired action
is clear and simple to state: to stop smoking, to eliminate tobacco use.
Compare this specificity to the urgent but more complicated societal
imperative to eat more healthily and engage in more physical activity
throughout life. One can easily see the challenges. But even in this
realm, change can, and is, occurring.
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