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Abstract
Objective: Prediction of cancer risk is a minor component of current health risk appraisals. Perception of individual
cancer risk is poor. A Cancer Risk Index was developed to predict individual cancer risk for cancers accounting for
80% of the cancer burden in the United States.
Methods: We used group consensus among researchers at the Harvard Medical School and Harvard School of
Public Health to identify risk factors as de®nite, probable and possible causes of cancer. Risk points were allocated
according to the strength of the causal association and summed. Population average risk of cancer and cumulative
10-year risk was obtained from SEER data. Individual ranking relative to the population average was determined.
The risk index was evaluated for validity using colon cancer incidence in prospective cohort data.
Results: The Harvard Cancer Risk Index provides a broad classi®cation of cancer risk. Validation against cohort
data shows good agreement for colon cancer.
Conclusion: The Harvard Cancer Risk Index oers a simple estimation of personal risk of cancer. It may help
inform users of the major risk factors for cancer and identify changes in lifestyle that will reduce their risk. It oers
the potential for tailored health-promotion messages.

Background
Prediction rules have become widely used in clinical
practice to assist medical decision-making when caring
for patients with clinical disease, and to counsel patients
regarding the likely course of their disease. Use of such
prediction rules for counseling aimed at prevention of
chronic illnesses is less well developed. The Framingham
Heart Study has served as a basis for development of a
prediction rule for future risk of coronary heart disease
and for stroke [1, 2], and rules have been developed to
predict clinical disease based on results of tests such as
exercise stress testing [3]. No parallel prediction rule has
been developed for overall risk of cancer, in part because
of the many types of cancer that may be considered.
Gail et al. have developed a prediction rule for breast
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cancer that is now used in clinical settings to identify
women at high risk, and to counsel them [4, 5]. Dupont
and Plummer have prepared a computer program to
estimate absolute risk of cancer given known relative
risk estimates [6].
Mounting evidence indicates that more than 50% of
cancer could be prevented if our current knowledge of
risk factors were successfully implemented to reduce risk
factor prevalence [7]. We therefore undertook the
development of a cancer risk index that might aid
physicians in counseling patients about their cancer risk,
and may serve to educate the public about the relative
importance of cancer risk factors. The need for better
informing the public about underlying cancer risk is
evident from numerous sources. For example, Black and
colleagues showed that women greatly overestimate
their own breast cancer risk as well as the value of
screening mammography [8].
We limited the Harvard Cancer Risk Index to the
leading forms of cancer that account for approximately
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80% of cancer incidence (excluding non-melanoma skin
cancer). A limited number of cancers are addressed,
avoiding undue emphasis being placed on rare cancers
that make little contribution to total cancer burden. We
aimed for a tool that is both manageable and suciently
broad to be useful. We chose to focus on cancer
incidence rather than mortality because the latter
depends also on screening and treatment eectiveness.
While the Harvard Cancer Risk Index Working
Group recognizes the necessity of aggressive screening
in any comprehensive cancer control program, in most
instances screening focuses on an already present cancer
that is often preclinical and asymptomatic [9]. With the
exception of colon/rectal and cervical cancer screenings
that can detect precancerous lesions, and thus help
prevent cancer occurrence, the bene®ts of most cancer
screening programs is reduction of disease-speci®c
mortality. Because the focus of the Harvard Cancer
Risk Index is the primary prevention of cancer, only
screening strategies that contribute to the reduction of
cancer incidence are included [10, 11].
In this paper, we summarize the development of the
Harvard Cancer Risk Index and report the validation of
the approach using data from a prospective cohort for
colon cancer as an example. We expect that this tool
would likely be used in a clinical setting; it can be selfadministered and with computerization may include
prevention messages appropriate to the risk pro®le
provided by the user.
Methods
The Harvard Cancer Risk Index Working Group of the
Harvard Center for Cancer Prevention was composed of
epidemiologists, clinical oncologists, and other Harvard
faculty with quantitative expertise focused on cancer
and risk assessment (see Appendix). The group met on a
monthly basis for over 18 months to formulate this
approach to the Harvard Cancer Risk Index described
in this paper.
We ®rst identi®ed the cancers accounting for 80% of
incidence in the United States based on the Surveillance
Epidemiology and End Results (SEER) published rates;
this resulted in 10 cancers for men and 13 for women
(Table 1). We then adopted a group consensus process
to identify the genetic, environmental, nutritional, and
lifestyle factors, as well as major illnesses that are
established or likely causes of these cancers. We excluded from consideration screening that is not aimed at
reducing cancer incidence (e.g. mammography which
leads to early diagnosis but not prevention of incident
disease). In a manner similar to the International
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Table 1. Estimated new cancer cases and deaths for 2000
Cancer

Prostate
Breast
Lung
Colon
Bladder
Endometrial
Non-Hodgkin's lymphoma
Ovarian
Skin melanomas
Kidney
Cervical
Leukemia
Stomach
Pancreatic

Men

Women

Cases

Deaths

180,400

37,000

89,500
43,400
38,300

89,300
23,100
8100

31,700

13,700

27,300
18,800

4800
7300

16,900
13,400
13,700

12,100
7600
13,700

Cases

Deaths

182,800
74,600
50,400
14,900
36,100
23,200
23,100
20,400
12,400
12,800
13,900
8100
14,600

40,800
67,600
24,600
4100
6500
12,400
14,000
2900
4600
4600
9600
5400
14,500

Source: Greenlee RT, Murray T, Bolden S, Wingo PA (2000) Cancer
Statistics, 2000. CA Cancer J Clin Cancer 50: 7±33.

Agency for Research on Cancer (IARC) criteria [12], the
causes were classi®ed as de®nite, probable, and possible.
This allowed us to separate the strength of evidence
from the magnitude of the association between a risk
factor and a speci®c cancer. We use only the de®nite and
probable causes in our subsequent risk index. For each
exposure, a relative risk was identi®ed as the most likely
descriptor of the association in humans. To avoid
protracted debate regarding the precise magnitude of
the association we used ®ve categories of relative risk
(none RR = 0.9 to 1.19; weak RR = 1.2 to <1.5;
moderate RR = 1.5 to <3.0; strong RR = 3.0 to
<7.0; very strong RR = 7 or more). We chose not to
use meta-analysis as a tool for the estimation of the
relative risk because up-to-date estimates are available
for only a few of the causal associations under consideration and meta-analysis would convey a level of
precision greater than can be justi®ed.
Following the approach used for cardiovascular
disease, where logistic risk functions are translated into
an additive scale, we next translated the relative risk
associated with an exposure into a number of cancer risk
points (see Table 2). The population average number of
points was estimated based on the prevalence of risk
factors in the US. The individual score can then be
compared to the average for the population, thus
placing the risk of cancer in context. These population
averages for each cancer correspond to the average
cancer risk as re¯ected in the SEER rates, which
approximate the national incidence of cancer in the
US. We next developed a seven-level scale to rank
cancer risk in relation to this US population average.
These levels range from very high risk, to about average
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Table 2. Conversion of relative risk to cancer risk points for the Harvard Cancer Risk Index
Relative risk (x)

Association

Symbola

Risk points

0.9 á x < 1.1
0.7 á x < 0.9, 1.1 á x < 1.5
0.4 á x < 0.7, 1.5 á x < 3.0
0.2 á x < 0.4, 3.0 á x < 7.0
< 0.2, 7.0 +

Not discernible
Weak
Moderate
Strong
Very strong

)
)
)
)

0
5
10
25
50

a

or +
) or + +
) ) or + + +
) ) ) or + + + +

Symbol as used to summarize association in Table 4.

Table 3. Levels of cancer risk de®ned by the ratio of risk points to population average risk. This gives the factor used to multiply the SEERderived 10-year estimated risk of cancer to obtain a numerical value for the likelihood of cancer diagnosis during the next 10 years
Cancer risk score divided by population average score

Level of risk

SEER multiplier

<0
0, or < 0.5
0.5 < 0.9
0.9 < 1.1
1.1 < 2.0
2.0 < 5.0
5.0 or more times the average score

Very much below average risk
Much below average risk
Below average risk
About average risk
Above average risk
Much above average risk
Very much above average risk

0.2
0.4
0.7
1.0
1.5
3.0
5.0

risk and very low risk (see Table 3). Through simple
addition and subtraction, each individual calculates his
or her own total number of risk points for each cancer,
which can then be compared against US population
averages. Division by the population average gives a
relative score that is translated into a ®ve-category
comparative ranking from very low risk to average risk
to very high risk.
In addition to this relative ranking, the absolute risk
over a speci®ed time can also be derived from the US
SEER data. The National Cancer Institute SEER
program publishes 10-, 20- and 30-year risk of each
cancer conditional on current age. We chose to use
the 10-year risk for a time frame that was comprehensible to the user. As summarized in Figure 1, the
steps are:

for risk factors that correspond to the categories in the
cancer risk index.
Results
The cancers accounting for 80% of cancer incidence
(excluding non-melanoma skin cancer) are listed in
Table 1. After review of the causes of cancer, we omitted
non-Hodgkin's lymphoma and stomach cancer due to
limited risk factors that are modi®able. The established
or likely causes and the level of relative risk associated
with each factor are included in Table 4. For simplicity
of administration, and ease of self-completion, continuous or ordered variables have usually been dichotom-

1. We estimate risk points for each risk factor based on a
simple, usually dichotomous, response.
2. Sum these for the individual.
3. Divide these by the population average.
4. Multiply the level of risk by the SEER rate to estimate
risk of cancer diagnosis over the next 10 years.
To assess the validity of the risk index for colon cancer
in men, we conducted a prospective analysis of lifestyle
factors and colon cancer incidence using the cohort data
from the Health Professionals Follow-up Study. We
chose colon cancer as it has many potentially modi®able
risk factors. After classifying the exposures in a manner
comparable to the de®nitions in the risk index, we
estimated the relative rates of colon cancer occurrence

Fig. 1. Flow of risk estimation process.
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Table 4. Exposures categorized by strength of evidence and strength of association for speci®c answers
Strength
of
evidence

Prostate

Breast

De®nite: An association has been established
between the exposure and outcome, in
which chance, bias and confounding can be
ruled out with reasonable con®dence

Probable: An association has been
observed between the exposure
and the outcome but chance, bias
and confounding cannot be ruled
out with reasonable con®dence

Possible: The available studies are of
insucient quality, consistency or
statistical power to permit a conclusion of probable or de®nite association
between the exposure and outcome

Strength of association

Strength of association

Strength of association

Family history
(®rst-degree relative)
African-American
vs. white
Asian vs. white

1.8

++

Animal fata

1.8

++

1.8

+++

Height (>5¢10¢¢)

1.3

+

0.4

))

Tomatoesa
Vasectomy
(yes vs. no)

0.7
1.5

)
++

Family history
(mother and sister)b
Family history
(®rst-degree relative)c

3.0

+++

1.4

+

1.8

++

1.1

+

Height (>5¢7¢¢)

1.3

+

0.8

)

Age of ®rst period
(³15 vs. £11)

0.8

)

1.3

+

Age ®rst birth (³35
vs. £20)
No. of births
(0 or 1 child)

1.5

++

Alcohol (>1
drink/day vs. none)
Estrogen
replacement (<5
years vs. no)
Breast feeding
(>1 Year vs. none)
Obesity
(postmenopausal)
>27 BMId vs.
(<21 BMI)

1.1

+

0.8

)

Age at menopause
(5 year increment)
OC use
(current use vs. none)

1.2

+

Obesity
(premenopausal)
>27 BMId vs.
<21 BMI)

1.4

+

1.5

++

1.7

++

Benign breast
diseasee (MD
diagnosed)
Vegetablesa

0.8

)

1.2

+

2.0

++

1.2

+

0.7

)

Estrogen replacement
(³5 years vs. no)
Jewish heritage
(yes vs. no)
Ionizing radiation
(yes vs. no)
Lung

Smoke (³25
cigarettes/day
vs. none)
Smoke (15±25
cigarettes/day
vs. none)
Smoke (<15
cigarettes/day vs. none)
Cigar smoking (1
a day for last year)
Family history
(®rst-degree relative)
Occupational
exposuref
Passive smoking (among
non-smokers: yes
vs. no)
Vegetablesa

10

+++++

Occupational
exposuref

5.0

++

2.0

++

Air pollution
(living in large
city vs. no)
Fruitsa

1.4

+

1.5

++

1.3

+

0.7

)

Physical activity
(³3 h/week)

0.8

)

Monounsaturated
fata
Physical activity
(³3 h/week)

0.7

)

0.8

)

1.2

+

Saturated fat
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Table 4. (Continued)
Strength
of
evidence

Colon

Bladder

De®nite: An association has been established
between the exposure and outcome, in
which chance, bias and confounding can be
ruled out with reasonable con®dence

Probable: An association has been
observed between the exposure
and the outcome but chance, bias
and confounding cannot be ruled
out with reasonable con®dence

Possible: The available studies are of
insucient quality, consistency or
statistical power to permit a conclusion of probable or de®nite association
between the exposure and outcome

Strength of association

Strength of association

Strength of association

Family history
(®rst-degree relative)
Obesity (>27 BMI
vs. <21)d
Screening (FOBT or
sigmoidoscopy
vs. none)g
Aspirin (15 years of
regular use)

1.8

++

Vegetablesa

0.7

)

Fruitsa

0.8

)

1.5

++

1.4

+

Fibera

0.7

)

0.5

))

Alcohol (>1
drink/day vs. 0)
Height (6¢¢ increment)

1.3

+

Saturated fata

1.4

+

0.7

)

0.6

))

Smoke (³25 cigarettes/ 1.5
day vs. none)

++

In¯ammatory bowel
disease
(diagnosed for more
than 10 years)i
Folate

1.5

++

0.8

)

0.5

))

0.7

)

1.5

++

Family History
1.5
(®rst-degree relative
Occupational exposuref

++

Vegetablesa

0.7

)

Fruita

0.8

)

Water chlorination
(high vs. low/no)

2.0

++

)

Vegetablesa

0.7

)

++

Fruitsa

0.8

)

++

Saturated Fata

1.4

+

Age of ®rst period
(³15 vs. £11)

0.9

)

Smoking (high)
UV exposure

1.4
1.5

+
++

Blood transfusion

1.5

++

Vegetablesa

0.8

)

Fruitsa
Ovulation inducing
drugs (yes vs. no)

0.7
0.3

)
++

Occupational exposure

h

Smoke (³25 cigarettes/
day vs. none)
Smoke (15±24 cigarettes/
day vs. none)
Smoke (£14 vs. none)
Endometrial Obesity (>27 BMI
vs. <21)d
Nulliparous
(0 vs. ³1 child)
Age menopause
(5 year increment)
OC use (³5 years
vs. none)
Estrogen replacement
(³10 years vs. none)
NonHodgkin's
Lymphoma

HIV infection
Immunosuppressive
drugs
Family history
(®rst-degree relative)

Ovarian

Family history
(®rst-degree relative)
No. of children (0 or 1)
OC use (³5 years
vs. none)
Tubal ligation (yes vs. no)
Hysterectomy (yes vs. no)

3.0

Physical activity
(³3 h/week vs.
none)
Estrogen replacement
(³5 yrs vs. 0)
OC use (³5 yrs
vs. none)
Red meata

2.0
1.4
2.0

++

1.2

+

1.2

+

0.5

))

4.0

+++

>10
10.0

Smoke (³25
0.7
cigarettes/day vs. 0)
Family history
1.5
(®rst-degree relative)
Diabetes type II
1.5
(yes vs. no)

++++
++++

1.5
1.5

++

1.3
0.7

+
)

0.6
0.8

))
)

Breast feeding
(>1 year vs. none)

0.9

)
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Table 4. (Continued)
Strength
of
evidence

Kidney

Leukemia

De®nite: An association has been established
between the exposure and outcome, in
which chance, bias and confounding can be
ruled out with reasonable con®dence

Probable: An association has been
observed between the exposure
and the outcome but chance, bias
and confounding cannot be ruled
out with reasonable con®dence

Possible: The available studies are of
insucient quality, consistency or
statistical power to permit a conclusion of probable or de®nite association
between the exposure and outcome

Strength of association

Strength of association

Strength of association

Family history
(®rst-degree relative)

Therapeutic radiation
Occupational exposuref

Cervical

Pancreatic

Skin
melanoma

1.5

2.0

++

++

>10

Smoke (³25
cigarettes/day
vs. none)
Smoke (15±24
cigarettes/day vs.
none)
Obesity
(>27 BMI vs.
<21)d

2.0

++

Vegetablesa

0.8

)

1.4

+

Fruitsa

0.7

)

2.0

++

Blood
transfusion

1.5

++

Smoke (³25
cigarettes/day
vs. none)
Occupational
exposuref

1.3

+

Smoking
(³25 cigarettes/
day vs. none)
History of
any STDj

1.3

+

Vegetablesa

0.8

)

2.0

++

Fruitsa

0.7

)

Partner
circumcision
(yes vs. no)
OC use (>5
years vs. none)

0.5

))

2.0

++

DES (maternal
prenatal
exposure)

2.0

++

5.0

Age ®rst intercourse
(<16 vs. ³22)

1.5

+++

Multiparous
(³2 children vs. <2)
Multiple sex partners
(³6 vs.£ 1)

1.5

+

1.5

++

Barrier methods
(as a dominant method
of birth control)
Screening (no Pap smear
in the last 3 years vs. yes)

0.5

))

2.0

++

Low SES (<$10,000
vs. >$10,000)

3.8

+++

Smoke (³25
cigarettes/day vs. none)
Smoke (15±24 cigarettes/
day vs. none)

2.5

++

Vegetablesa

0.6

))

Fruitsa

0.8

)

1.4

+

2.0

++

Carbohydratesa

1.3

+

Family history
(®rst degree relative)

1.5

++

Diabetes
type II
(yes vs. no)
Chronic
pancreatitis
(yes vs. no)

4.0

+++

Fibera

0.8

)

UV exposure
(repeated sun burns)
Hair color (red/blonde
vs. black)
Eye color (blue/green
vs. all others)

3.7

++++

2.0

++

Alcohol

1.7

++

2.0

+

Immunosuppressive
drugs

1.5

++

Skin color (light vs.
dark/olive)
Family history
(®rst degree relative)

1.5

++

2.0

++
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Table 4. (Continued)
Strength
of
evidence

Stomach

De®nite: An association has been established
between the exposure and outcome, in
which chance, bias and confounding can be
ruled out with reasonable con®dence

Probable: An association has been
observed between the exposure
and the outcome but chance, bias
and confounding cannot be ruled
out with reasonable con®dence

Possible: The available studies are of
insucient quality, consistency or
statistical power to permit a conclusion of probable or de®nite association
between the exposure and outcome

Strength of association

Strength of association

Strength of association

Low SES (<$10,000
vs. >$10,000)
Blood group A
Family history
(®rst-degree relative)

1.8

+++

Fruitsa

0.5

))

1.2
1.5

++
++

Salta

1.4

+

Carbohydratesa

1.3

+

a

Upper quartile (top 25%) vs. lower quartile (lower 25%).
Two ®rst-degree relatives who have a history of breast cancer before age 65 vs. none.
c
First degree relative who has a history of breast cancer before age 65 vs. none.
d
BMI (body mass index).
e
Clinically recognized chronic cystic, ®brocystic or other benign breast vs. none.
f
See text.
g
Screening at >50 years of age vs. no screening.
h
Lower quintile (lower 25%) vs. upper quintile (upper 25%).
i
Physician diagnosed Crohn's disease, ulcerative colitis or pancolitis.
j
With unknown HPV status.
b

ized, though for diet we consider extreme quartiles of the
distribution. Occupational exposures are not listed in
Table 4. They are, however, incorporated into the index
for those who have worked in the production of
asbestos, radon, arsenic smelting, production of cadmium, chromium, or beryllium, coal gasi®cation or aluminum production, coke production, iron and steel
founding, or exposure to silica without adequate protection. Risk is dependent on two categories of duration
of work (more than 20 years or 5±20 years).
We next developed the cancer risk point scale to
translate relative risks into risk points. The scale is
presented in Table 2. The highest allowed risk point was
50 for a relative risk of 7 or more. This is the level of
risk that a smoker of 25 or more cigarettes per day
would have for lung cancer, or a worker exposed to
asbestos without protection for 20 or more years would
have for lung cancer. Strong associations in the range of
3±7 were assigned 25 points. This is the level of risk that
a smoker of 15±24 cigarettes per day would have for
lung cancer.
To estimate the population average risk points for
each cancer, the current US prevalence of each de®nite
or probable cause was multiplied by the risk points for
that cause. To illustrate this approach, the data for
colon cancer are summarized in Table 5; average population risk was calculated to be 16 points. To compare
risk of a certain cancer for an individual against the
SEER derived population average, we divided the risk
points for the particular individual by the population

average. The cut-o points for levels of risk compared to
the average are indicated in Table 3.
Scenario 1. The ®rst scenario we consider is that of a 50year-old woman who has not had a sigmoidoscopy in
the past 10 years, has no family history of colorectal
cancer, is not obese, drinks less than one alcoholic
beverage per day, eats fewer than three servings of
vegetables per day, is less than 5 feet 7 inches tall, is not
physically active, and eats red meat less often than daily.
From Table 4, we see that for such a person we obtain a
score of 10. We divide this by the population average
score (10/16) and obtain a value of 0.6. This value is
between 0.5 and 0.9, so we classify the risk as below
average (Table 3).
To convert this level of risk to a numeric estimate of
colon cancer risk, we look up the multiplier in Table 3 ±
it is 0.7. That is, we estimate that the risk is 0.7 times the
population average risk of colon cancer. Then we
multiply the SEER (average) risk of colon cancer by
0.7. For a 50-year-old woman, the 10-year risk of colon
cancer is 0.6% in the next 10 years. Multiplying this by
0.7 gives a risk of 0.4% or approximately four cases in
1000 women in 10 years.
Scenario 2. The woman for this scenario has a positive
family history of colon cancer, has not had a screening
sigmoidoscopy in the past 10 years, and does not score
points for other risk factors in listed in Table 2. The
score for this person is 10 (for family history) plus 10
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Table 5. Estimating population average cancer risk points for colon cancer among US womena
Risk factor

RR

Description

Risk
points

US
prevalence

Population
average
points

Family history
Obesity
Screening
Alcohol
Vegetables
Height
Physical activity
Red meat (upper quintile)
Use of birth control pills
Use of postmenopausal hormones
Aspirin use
Multivitamin (folate)
In¯ammatory bowel disease

1.8
1.5
2.0
1.4
0.7
1.3
0.6
1.5
0.7
0.8
0.7
0.5
1.5

Brother, sister or parent had colon cancer
27 kg/m2 or more
No ¯exible sigmoidoscopy or FOBT
More than 7 servings per week
3 or more servings per day
5 ft 7 in or taller
3 or more hours total leisure-time physical activity per week
Eating 7 or more servings a week
5 or more years of use
5 or more years of use
Use daily for 15 years of more
Low folate intake re¯ected in lack of regular multivitamin use
10 or more years

10
10
10
5
)5
5
)10
10
)5
)5
)5
10
10

0.05
0.40
0.76
0.02
0.25
0.10
0.19
0.25
0.20
0.07
0.13
0.60
0.001

0.5
4.0
7.6
0.1
)1.25
0.5
)1.9
2.5
)1.0
)0.35
)0.65
6.0
0.01

a

For men US prevalences vary and use of oral contraceptives and postmenopausal hormones omitted.

(for no sigmoidoscopy) = 20 points. If we divide this by
the population average score of 16 we get 1.2, and
turning to Table 3 we see that the woman is at above
average risk for colon cancer. To convert this risk from
the descriptive statement to a numeric estimate we see
from Table 5 that we must multiply the SEER or
average risk of colon cancer by 1.5. For a 50-year-old
woman the risk of colon cancer is 0.6% in the next
10 years. Multiplying this by 1.5 gives a risk of 0.9%, or
approximately one case in 100 women in 10 years.

To obtain a negative score one could have no risk factors
that add points, as shown in Table 5, and eat three
servings or more of vegetables per day. Alternatively,
one can be physically active by exercising 3 or more
hours per week (minus 10 points) and be at very low risk
even if he or she has one of the risk factors that conveys
®ve points (for instance, be more than 5 feet 10 inches
tall, or drink more than one alcoholic beverage per day).

Scenario 3. What would happen to the level of risk if the
person in Scenario 2 had a sigmoidoscopy? We now
consider a third scenario that is the same as number 2
above, except that a sigmoidoscopy has been performed.
Now the score is 0. Table 3 tells us that the risk is much
below average. To obtain a numeric estimate of risk for
such a person we would multiply the SEER risk by 0.4.
Given the epidemiologic evidence that sigmoidoscopy
reduces risk of colon cancer incidence and mortality by
approximately 30% over 10 years after the test, this
estimate of risk seems appropriate.

To assess the validity of the Harvard Cancer Risk Index,
we used prospective data from the Nurses' Health Study
and Health Professionals Follow-up Study after classifying the lifestyle factors according to the de®nitions
used for colon cancer in Table 5. The incidence rate
ratio for combinations of lifestyle factors estimated from
the multivariate logistic function shows good agreement
with the values developed by the group process. These
are summarized in Table 6.

Scenario 4. In this scenario, we consider the further
reduction in risk that such a person may achieve by
exercising, at the level of 3 or more hours of physical
activity per week. For such a person the score is minus
10. Table 3 tells us that the risk is now very much below
average because the score is less than zero. The numeric
estimate for such a scenario would be 0.2 times the
SEER risk.
As a ®nal veri®cation of the colon cancer scale, we can
see which exposures would be required to obtain a
negative score (corresponding to the lowest level of risk).

Because numerous causes of cancer operate on more
than one cancer, and individuals may be concerned
about a diagnosis of cancer in general, we developed a
scale for ``total cancer''. This scale is based on the
contribution of each of the cancers that we consider to
be the grand total number of cases diagnosed for these
cancers. For total cancer risk, the ``risk points'' for an
exposure are the weighted average number of points
overall where the weight is the proportion of cancer
contributed by each site. This weighting assumes that
the risk factors for the cancers in the risk index apply

Validation

Risk of any cancer
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Table 6. Validation of the risk index against prospective data on colon cancer among men
Colon cancer risk pro®le

Risk index points

Observed RR

Scale value

(a) Population average
(b) No risk factors, no sigmoidoscopy
(c) No risk factors, recent sigmoidoscopy
(d) No risk factors, recent sigmoidoscopy and exercise
(e) Obese, no screen, red meat, alcohol
(f) Obese, no screen, red meat, family history and low folate intake

18.1
10
0
Negative
35
50

1.0
0.75
0.55
0.4
2.3
4.0

1.0
0.7
0.4
0.2
3.0
3.0

proportionately to the 20% of total cancer that we did
not speci®cally consider. This scale gives an overall
summary of total cancer risk and may be useful in
drawing attention to the overall importance of lifestyle
factors such as cigarette smoking and diet.
Discussion
We have developed a cancer risk index drawing on
expert opinion and evaluated it with prospective cohort
data. This approach meets the guidelines recommended
by Wasson et al. and modi®ed by Laupacis et al. [13,
14] for the development of prediction rules. While
prediction rules have been shown to alter clinical
practice [15], there is little such evidence with respect to
health behavior. However, we note that counseling by
health-care providers to modify lifestyle±including
cigarette smoking, diet, and physical activity ± is
recommended by the US Preventive Services Task
Force [9]. Strong evidence indicates that counseling by
physicians is eective in smoking cessation. This cancer
risk index may help focus counseling by health-care
providers on modi®able factors. Further work is
needed to evaluate the utility of the index as an aid
to tailored counseling for lifestyle change and cancer
risk reduction.
One concern with an index such as this is the potential
for inappropriate precision to be conveyed to the user.
False reassurance should clearly be avoided. We have
tied the risk estimates to the US national data and
present them for 10-year age groups. Computerized
administration would allow prediction based on actual
current age. Whether 10-year risk of cancer is the best
metric remains uncertain [16, 17]. We have chosen to
present the risk of diagnosis within the next 10 years
because risk of major illness in the distant future is not a
meaningful probability for most people. Further, lifetime risk is not well understood [18]. Given the SEER
database, however, alternative time frames could be
used. Moreover, as the time frame lengthens the
absolute risk increases. Further, long-term predictions
of future cancer incidence would require correct mod-

eling of cohort eects and time trends in cancer
incidence. For example colon cancer incidence has been
decreasing for the past 20 years, particularly among
women, making long-term prediction problematic for
this cancer which is the second leading cause of cancer
mortality [19]. Also, predicting the eect of changing an
exposure introduces additional uncertainties because the
rapidity with which the change in risk occurs will vary
among exposures and cancers.
The Harvard Cancer Risk Index oers both a verbal
description of cancer risk and a quantitative estimate of
being diagnosed with cancer in the next 10 years. The
quantitative estimate is tied to the SEER rates, re¯ecting
the contemporary experience of cancer rates in the
United States. The likelihood of cancer diagnosis is
presented as a risk in 1000. This can be interpreted as the
number of people in a group of 1000, of the same age,
who will be diagnosed in the time period under
consideration. That is to say that if the 10-year risk of
colon cancer for a 50-year-old woman is 17 then among
1000 women age 50, on average, 17 cases of colon cancer
would be diagnosed.
Interactions
Each exposure included in the Harvard Cancer Risk
Index may have an interactive eect with other environmental, behavioral, occupational or lifestyle factors.
The joint eects of these factors may substantially alter
an individual's cancer risk. For example smoking, in
combination with exposure to a known environmental
carcinogen such as asbestos, can increase considerably
the absolute risk of lung cancer, though this interaction
may be less than multiplicative [20, 21]. Likewise,
alcohol and tobacco smoking interact synergistically to
increase risk of mouth and pharyngeal cancer [22]. The
interactive eects of exposures other than asbestos were
not accommodated in the Harvard Cancer Risk Index
since their magnitude has not been precisely evaluated in
most instances. Further, the added complexity of these
possible interactions makes a pencil-and-paper risk
index more dicult than can be justi®ed based on their
contribution to cancer risk.

486
Eects of exposures on other causes of morbidity
Many exposures associated with cancer are also associated with other chronic and infectious diseases. For
example, moderate physical activity reduces the risk of
cancer as well as of diabetes, depression, coronary artery
disease, and obesity [23]. Alcohol increases risk of breast
cancer but reduces the risk of cardiovascular mortality
[24]. A broader application would integrate the multiple
bene®ts of lifestyle modi®cation in reducing the total
burden of all major diseases. Such additions will likely
aid in focusing clinical counseling.
Eect of age
The risk of being diagnosed with most cancers increases
with age. However, the best approach to communicating
the eect of age on risk is not clear. We have chosen to
present the 10-year risk of cancer at the ages of 40, 50
and 60. Other ages could be added in a computerized
version of the index.
One remaining concern with the focus of the Harvard
Cancer Risk Index is that we do not address prevention
eorts that might be acting earlier in life, such as
avoiding sunburns to reduce the risk of melanoma [25].
While age is an important risk factor for cancer, the
greatest opportunity to prevent some speci®c cancers is
during early adolescence when an individual's risk
pro®le is largely determined. Health protective habits
such as physical activity, diets rich in fruits and
vegetables, and choices about smoking and alcohol
intake are often adopted during this time period [26].
Interventions targeting adolescence can help shape
healthy lifestyles and prevent risk behaviors that may
otherwise persist throughout the life course.
Research also indicates that age of exposure can
dierentially aect cancer risk. For example, the younger
the age of exposure to ionizing radiation, the greater is
the risk of subsequent breast cancer [27]. Likewise, earlier
age at initiation of cigarette smoking is exponentially
related to lung cancer risk [28]. These re®nements of the
details of exposure are not readily amenable to incorporation into the Harvard Cancer Risk Index. However, the
population average age at exposure is re¯ected in the
relative risk estimates. Thus for exposures with little
range ± such as age at starting to smoke, we are unlikely
to have created substantial misclassi®cation of risk.
Time frame for bene®ts from changes in lifestyle
The time frame for behavior change to alter risk of
cancer is not clearly de®ned. Any changes in lifestyle
adopted as a consequence of perceived cancer risk will in
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the long run reduce cancer risk, on average. Risk of lung
cancer may be halved within 5 years of cessation from
smoking [29, 30]. Reduction in cancer risk may, however, take 10 or more years before the full bene®t of the
changes in lifestyle are seen in the form of lower cancer
risks. For example, regular aspirin use appears to
require more than 10 years to demonstrate reduction
in risk of colon cancer. Further, the rate of accumulating bene®ts may vary by cancer site and in conjunction
with other factors. Thus the Harvard Cancer Risk Index
should not be considered as a tool to identify high-risk
individuals for preventive interventions, but rather as an
aid to a population-wide shift in the prevalence of risk
factors that will reduce the population burden of cancer.
Limitations
The goal of the Harvard Cancer Risk Index is to
quantify established and probable factors aecting
cancer incidence. It should be considered a general
guide for assessing an individual's risk of cancer. The
scoring system does not allow precise estimation of an
individual's risk of cancer. A constellation of personal,
environmental, and behavioral factors, speci®c to the
individual, may dierentially aect his or her risk of
cancer and cannot be accounted for in the Harvard
Cancer Risk Index. This risk index represents an
average and is based only on the factors accounted for
in the model.
The estimates used in this risk index are based on the
existing literature and the judgement of environmental,
nutritional, and occupational health researchers of the
Harvard Center for Cancer Prevention. These estimates
do not necessarily represent the views of all members of
the broader scienti®c community, although dierences
in opinion are unlikely to have major consequences in
the estimates. One of the main reasons for using a
categorical approach to risk classi®cation was to reduce
the likely disagreement among investigators.
We have limited the Harvard Cancer Risk Index to
the leading causes of cancer. For women and men over
age 50, these cancers account for over 90% of the
cumulative risk of total cancer over the next 30 years,
though only 80% of the total number of cases of cancer
diagnosed in any 1 year. Therefore, though the Harvard
Cancer Risk Index appears incomplete, it nevertheless
should serve as a useful guide for counseling patients
about their cancer risk.
Estimates by race/ethnicity are not readily included in
a pencil-and-paper version of the risk index. Further
re®nement of the Harvard Cancer Risk Index using a
computer-based presentation might incorporate all these
distinctions. Overall cancer rates vary considerably for
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black men and white men, and less so for women.
Therefore, with a computer interface that allows for
more complexity than a pencil-and-paper version, it will
be possible to use race-speci®c probabilities of cancer
incidence rather than those derived from the overall US
rates for men and women. A computer interface will also
provide the potential for interactive real-time feedback
to the users regarding change in risk with behavior
changes. This feedback and tailored messaging might
improve counseling for behavior change [31]. Further
research is needed to evaluate these potential features.
Because the cancer research base continues to expand,
cancer risks from speci®c exposures will be continuously
updated. Further evaluation of the Harvard Cancer
Risk Index using data from other communities or
countries could be a useful next step.
Conclusions
The Harvard Cancer Risk Index oers a simple estimation of risk for cancer. It may help inform users of the
major factors contributing to their risk, and of the
changes that would reduce this risk. Presentation of data
in several formats will aid users to understand the risk
estimates. The Harvard Cancer Risk Index strictly
applies to current cancer risk in the United States.
Testing of the index against cancer risk in other countries
will be required before its widespread use, although the
underlying relations between lifestyle and cancer risk
should apply to the majority of Western societies.
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