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OBJECTIVE: Cancer risk calculators on the internet
have the potential to provide users with valuable
information about their individual cancer risk. However,
the lack of oversight of these sites raises concerns about
low quality and inconsistent information. These con-
cerns led us to evaluate internet cancer risk calculators.

DESIGN: After a systematic search to find all cancer
risk calculators on the internet, we reviewed the content
of each site for information that users should seek to
evaluate the quality of a website. We then examined the
consistency of the breast cancer risk calculators by
having 27 women complete 10 of the breast cancer risk
calculators for themselves. We also completed the
breast cancer risk calculators for a hypothetical high-
and low-risk woman, and compared the output to
Surveillance Epidemiology and End Results estimates
for the average same-age and same-race woman.

RESULTS: Nineteen sites were found, 13 of which
calculate breast cancer risk. Most sites do not provide
the information users need to evaluate the legitimacy of
a website. The breast cancer calculator sites vary in the
risk factors they assess to calculate breast cancer risk,
how they operationalize each risk factor and in the risk
estimate they provide for the same individual.

CONCLUSIONS: Internet cancer risk calculators have
the potential to provide a public health benefit by
educating individuals about their risks and potentially
encouraging preventive health behaviors. However, our
evaluation of internet calculators revealed several prob-
lems that call into question the accuracy of the
information that they provide. This may lead the users
of these sites to make inappropriate medical decisions
on the basis of misinformation.
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INTRODUCTION

Increasingly, people turn to the internet for health information. In
2002, 63% of the population had ever gone online, and 51% of
individuals who used the internet had used it to search for health
information. Almost half of the general public who had searched
for cancer information had chosen the internet as their first source
for information." In addition to providing general health informa-
tion, the internet also enables people to obtain information
tailored to their individual characteristics, including the predic-
tion of an individual’s disease risk by internet risk calculators.

Cancer risk prediction has become an increasingly important
focus for the medical profession and the lay public. The prediction
of individual cancer risk from risk factors has traditionally been
based upon predictive models derived from epidemiologic studies
of cancer incidence.? Although considerable effort has been
devoted to identifying cancer risk factors, there are relatively few
published cancer risk prediction models. The most well known is
the Gail breast cancer prediction model.>* Recent attempts to
improve on the Gail model through the inclusion of additional risk
factors have had limited success and have not yet been validated
in multiple data sources.>® Risk prediction models have recently
been developed for lung and prostate cancer”® but have not yet
been developed in many other cancers.

Cancer risk calculators are a relatively new development on
the internet, although they are already widely used (the
Harvard Your Disease Risk website, for instance, receives 76
million visitors annually; Graham Colditz, August 15, 2005).
These tools ask the site visitor for risk factor information and
then calculate the individual’'s risk of the cancer. These
websites have the potential to provide benefit by disseminating
information about individual cancer risk that can improve
knowledge, decision making, and preventive health behavior.

However, the internet is unregulated; anyone can post a
health information website or a cancer risk assessment
website. Perhaps, as a result, studies have found some health
information on the internet to be of poor quality.®"'? Inaccurate
information may lead to inappropriate medical decisions,*™°
such as whether or not to undergo recommended cancer
screening or change a diet or exercise regimen. These concerns
may be greater for internet risk calculators than general health
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information websites because the latter provide aggregate
information, whereas the former provide information that is
specific to the individual, leaving the user less likely to
question whether or how well the information applies to them.

However, little is currently known about the quality of the
information provided by cancer risk calculators on the inter-
net.'®17 Thus, the purpose of this study was to evaluate cancer
risk calculators on the internet with respect to the content of the
sites (e.g., whether information is provided for a user to evaluate
the credibility of the site). Because the majority of internet
cancer risk calculators focus on breast cancer, we were able to
conduct a more extensive evaluation of breast cancer risk
calculator sites, examining the consistency of the risk factors

assessed to calculate risk and variation in and consistency of
the risk estimates provided. Although even the best risk
calculators are known to be imperfect predictors,'® information
about the content of these sites could be of great use to the
millions of people who visit these sites annually.

METHODS

We conducted a systematic search of the internet to identify all
sites with a risk calculator for any cancer. We searched the terms
“cancer risk” (without quotes) in each of the following search
engines using Microsoft Internet Explorer: Google, MSN, Yahoo,

Table 1. Content of the Cancer Risk Calculators on the Internet

Primary Cancers Source Has a Affiliation Information on  Identify
offiliation assessed information  disclaimer  information  when site was algorithm
last updated or model used

1. About.Com, New York Colon No No Yes No No

Times Company*
2. AstraZeneca* Breast Yes Yes Yes No Yes (Gail model)
3. Department of Surgery Breast No No Yes No No

at Saint Vincent

Charity Hospital*
4. GenneX Healthcare Breast No Yes Yes No No

Technologies
5. Griffin Hospital Colon No No Yes No No
6. Harvard Center Bladder, breast, cervical, Yes Yes Yes Yes No

for Cancer Prevention colon, kidney, lung, melanoma,
ovarian, pancreatic, prostate,
stomach, uterine
Bladder, breast, cervical, colon, No Yes Yes Yes No
kidney, lung, melanoma,
ovarian, pancreatic, prostate,

stomach, uterine

7. Mary Bird Perkins
Cancer Center*

8. Medical Network Inc. Bladder, colon, lung, ovarian, Yes Yes Yes Yes No
prostate, skin, uterine
9. Memorial Healthcare Breast No Yes Yes No No
System

10. Memorial Sloan Kettering Lung Yes Yes Yes Yes No

Cancer Center
11. MSNBC Prostate No No Yes No No
12. National Cancer Breast Yes Yes Yes No No

Institute 42
13. National Surgical Breast No Yes Yes No No

Breast and Bowel Project
14. Ohio State University Cancer in general Yes Yes Yes No No

Comprehensive

Cancer Center
15. RealAge Breast, prostate No Yes Yes No No
16. St. Luke’s Episcopal Breast, skin Yes Yes Yes Yes No

Health System
17. Steven Halls, M.D. Breast Yes Yes No Yes Yes (Gail model

modified and
Gail model)

18. Women'’s Cancer Breast, ovarian, No Yes Yes No No

Network endometrial, cervical,

vulvar, vaginal
19. Unidentified* Breast No Yes No No No
Totals 8 15 17 6 2

The italicized entries represent “yes”: the presence of the information on the website. Website addresses: 1 http:/ / coloncancer.about.com/od/gamesandquizzes/a/
AreYouAtRisk4CC.htm, 2 http://www.bcancerrisk.com/consumer/test.asp?risk=1, 3 http://www.breastrisk.com/, 4 http://wwuw.estronaut.com/a/
breastinteractive2.htm, 5 http://wwuw.griffinhealth.org/ patientvisitor/ patientservices / digestivecenter/ screening.aspx, 6 http://wwuw.yourdiseaserisk.
harvard.edu/, 7 http://www.marybird.org/ mycancerrisk/hccpquiz.pl?func=show&page=screening_test, 8 http://wwuw.healthatoz.com/healthatoz/
Atoz/tl/rq/quizbody.jsp, 9 http://www.memorial.org/, 10 http://www.mskcc.org/mskcc/html/12463.cfm, 11 http://www.msnbc.com/news/
604780.asp?cpl=1, 12 hitp://bcra.nci.nih.gov/brc/, 13 hitp://www.breastcancerprevention.org/, 14 http://wwwjamesline.com/patientsanduvisitors/
prevention/cancergenetics /#Start%20Session, 15 http://www.breastcancer.realage.com/content.aspx/topic/9, 16 http://www.sleh.com/sleh/index.
cfm, 17 http://wwuw.halls.md/breast/risk.htm, 18 http://www.wcn.org/interior.cfim?diseaseid=13&featureid=3, 19 http://www.breastcancerquiz.com/
consumer/quiz/

* The site is no longer active.
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Table 2. Risk Factors Assessed by the Breast Cancer Risk Calculators

Risk factor Astra-Zeneca Department of Surgery GenneX Healthcare Harvard Cancer for Mary Bird Memorial
at St. Vincent Charity Technologies Cancer Prevention Perkins Cancer Health Care
Hospital Center System

Age No Yes Yes Yes Yes No

Age at menarche Yes Yes No Yes Yes No

Age of first birth Yes Yes No Yes Yes No

Benign breast disease No Yes No Yes Yes No

Breastfeeding No Yes No Yes Yes No

Family history Yes Yes Yes Yes Yes Yes

Hormone replacement No Yes No Yes Yes No

therapy

Jewish ancestry No No Yes Yes Yes Yes

Menopause No Yes No Yes Yes No

Number of live births No Yes No Yes Yes No

Oral contraceptives No Yes No Yes Yes No

The italicized entries represent “yes”: The risk factor is assessed on the respective website.

Lycos, and Excite. The first 1,000 hits from each search were
visited to determine whether they included a cancer risk
calculator. After excluding duplicates (sites with links to the
same risk calculator) and non-English sites, a list of 19 unique
cancer risk calculators was generated. Additional searches were
conducted using the terms cancer risk calculator, personal cancer
risk, and individual cancer risk but yielded no new calculators.

We developed a site-abstraction form to collect data on
whether each of the following was present on each cancer risk
calculator website: (1) source information (e.g., a medical
reference), (2) information on when the site was last updated,
(3) the algorithm or model used to calculate the risk estimate,
(4) a disclaimer of liability, and (5) information on the website’s
affiliations. We also determined the format of the output of
each risk calculator and which cancers each site addressed.
For the breast cancer sites, we examined the risk factors they
assessed and how they operationalize each risk factor.

With Institutional Review Board approval from the University
of Pennsylvania, we then recruited a convenience sample of
women from the general population (N=27) to complete ten of the
breast cancer risk calculators for themselves and provide us with
print-outs of their output from each site. Subjects had a mean
age of 42 (range, 21-61), all were Caucasian and 43% were
Ashkenazi Jewish. Their average lifetime breast cancer risk,
according to the Gail model, was 14.12%. We compared the
output the subjects provided using simple descriptive analyses,
as well as calculations of the correlations of the estimates

provided by each site for a given subject. To calculate these
correlations, where necessary, we converted all nonnumeric
scales used by sites (e.g., “very much below average,” to “very
much above average”) to ordinal scales (e.g., a 7-point scale where
1="very much below average” and 7="very much above average”).

We also compared the output provided by each site for two
hypothetical patients, one created with characteristics leading to
a low risk of breast cancer and the other with characteristics
indicative of a high risk of breast cancer (Appendix 1). These
hypothetical patients’ risk factors were based on well-established
breast cancer risk factors (Tables 2 and 3).'%>2 If an internet risk
calculator asked questions about risk factors that were not in
the description created (e.g., education), unknown/not sure was
entered when that option was provided or were answered with
the midpoint or average response and recorded. The latter was
required only 9 times.

Because there is no gold standard for breast cancer risk
prediction and the currently available risk prediction models
have significant limitations, we provided a framework for
assessing the risk estimates by comparing the outputs for
high- and low-risk women to population-based incidence rates
of breast cancer provided by Surveillance Epidemiology and
End Results (SEER).?* According to SEER data, the average
55-year-old white woman has a 2.5% 10-year breast cancer
risk, 9.35% 30-year risk, and 11.5% lifetime risk. The average
55-year-old black woman has a 2.1% 10-year risk, 6.63% 30-
year risk, and 7.75% lifetime risk. We predicted that the output

Table 3. Risk Factors Assessed by the Breast Cancer Risk Calculators

Risk factor National National Surgical RealAge St. Luke’s Episcopal Steven Halls, Women’s Unidentified
Cancer Breast and Bowel Health System M.D. Cancer
Institute Project Network
Age Yes Yes Yes Yes Yes Yes No
Age at menarche Yes Yes Yes No Yes Yes Yes
Age of first birth Yes Yes Yes No Yes Yes Yes
Benign breast disease Yes Yes Yes Yes Yes Yes No
Breastfeeding No No No No No Yes No
Family history Yes Yes Yes Yes Yes Yes Yes
Hormone No No Yes Yes Yes Yes No
replacement therapy
Jewish ancestry Yes Yes No No Yes Yes No
Menopause No Yes Yes No No Yes No
Number of live births No Yes Yes No No Yes Yes
Oral contraceptives No No Yes No Yes Yes Yes

The italicized entries represent “yes”: The risk factor is assessed on the respective website.
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for the high-risk women should be higher than the average
SEER risk, whereas the output for the low-risk women should
be lower than the average SEER risk. In addition, we examined
the variation in the range between the estimates for the high-
and low-risk women across the calculators.

RESULTS

Table 1 shows the internet risk calculators found in our
search. There are 13 calculators for breast cancer risk, 5 for
colon, 4 for prostate, 4 for lung, 3 for bladder, 3 for ovarian, 3
for melanoma, 2 for uterine, 2 for kidney, 2 for pancreatic, 2 for
cervical, 1 for stomach, and 1 for general cancer risk.

Content of Websites

The websites varied in the information they provided to allow a
user to assess the credibility of the site (Table 1). The minority of
the sites included source information (7/19), update information
(5/19), or identified the model or algorithm they used to calculate
the risk estimate (2/19, for both, it was the Gail model or the
modified Gail model), but the majority included a disclaimer (14/
19) and affiliations (17/19). A sample disclaimer from the Medical
Network Inc. website read: “The text presented on these pages is
for your information only. It is not a substitute for professional
medical advice. It may not represent your true individual medical

situation. Do not use this information to diagnose or treat a
health problem or disease without consulting a qualified health-
care provider. Please consult your healthcare provider if you have
any questions or concerns.”

The sites also differed in the format of the output they provided.
Sites used numeric test scores with score explanations, graphs,
comparative risk descriptions, verbal risk descriptions, and
numeric risk estimates with varying time frames.

Risk Factors Measured

The breast cancer risk calculators also varied in the risk factors
collected for the calculation. As shown in Tables 2 and 3, only
some of the breast cancer sites asked users about each of several
well-established breast cancer risk factors.'®2? For instance, of
the 13 breast cancer calculators, all assessed family history, 10
assessed age of menarche, 8 assessed Jewish ancestry, 7
assessed hormone therapy use, and 4 assessed breastfeeding.
The websites also varied in how they operationalized each risk
factor. For example, across the breast cancer websites, family
history was assessed each of the following ways: (1) Yes/no first
degree relative had cancer, and if yes, cancer type and age at
diagnosis for each. (2) Yes/no mother had breast cancer. (3)
Yes/no mother or sister had breast cancer (followed by age of
diagnosis question for each on some sites). (4) How many of your
mother, sisters, and daughters had breast cancer? (5) Who in
your family had breast cancer? Choices: (a) mother, (b) sister, (c)

Table 4. Comparison of Breast Cancer Risk Calculators’ Output for 4 Sample Subjects

Subject 16 (21 y old)

Subject 1 (26 y old)

Subject 37 (42 y old)

Subject 31 (48 y old)

5-year risk
NCI
Halls, MD
National Surgical
Breast and
Bowel Project
10 year risk
GenneX
Halls, MD
30 year risk
GenneX
Halls, MD
RealAge
Lifetime risk
NCI
Halls, MD
Comparative risk
Harvard Center
for Cancer
Prevention
‘Women'’s Cancer
Network
Mary Bird
Perkins
Verbal risk
AstraZeneca

Breastcancerquiz.com

*

<0.2%
Website only for
those >35 y

0.42%
1.4%

4%
6.6%

*

20.1%
16.9%

Average

Average risk

Average

You scored a total of 1.
If your answers added up
to 2 or more, you may be
at high risk for developing
breast cancer

Website only for those >35 y

0.5%

<0.2%

Website only for
those >35 yrs

2.86%
1.6%

30%
7.7%
3.3%

17.7%
18.4%

Above average

Average risk

Above average

You scored a total of 3.
If your answers added up
to 2 or more, you may be
at high risk for developing
breast cancer

You scored a total of 3.
If your answers added up
to 2 or more, you may be
at high risk for developing
breast cancer

0.8%
0.7%
0.74%

2.53%
1.9%

9%
6.8%
7.5%

11.9%
11.1%

Below average

Average risk

Below average

You scored a total of 2.
If your answers added up
to 2 or more, you may be
at high risk for developing
breast cancer

You scored a total of 2.
If your answers added up
to 2 or more, you may be
at high risk for developing
breast cancer

1.3%
1.7%
3.76%

3.54%
3.6%

13%
11.1%

*

12.1%
15.6%

Much above average

Average risk

Above average

You scored a total of 2.
If your answers added up
to 2 or more, you may be
at high risk for developing
breast cancer

You scored a total of 2.
If your answers added up
to 2 or more, you may be
at high risk for developing
breast cancer

*Subject did not provide her output.
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two or more sisters or mother and sister, (d) maternal grand-
mother or aunt, (e) paternal grandmother or aunt, () two or
more grandmothers or aunt. (6) Check box for who had any
cancer before age 50: you, mother, sister, or daughter.

Calculator Output

The websites also differed in the output they provided for the
same person. In fact, each website’s output for each subject
was not consistently correlated with the other websites’
output. The average correlation coefficient for the estimates
provided by the 10 breast cancer websites for the study
participants was 0.42 with a range from -0.74 to +1.00.
Eighteen (40%) of the 45 pairs reached statistical significance.
However, it is important to note that some internet sites were
completed by only a subset of the subjects (an omission by the
subject), giving those sites lower power to reach statistical
significance because of a smaller sample size.

Table 4 shows the output from the breast cancer sites for four
sample subjects whose risk factors are presented in Appendix 2
(the anonymous output from each site for all subjects is
available on the JGIM website). Although the variation in the
format of the output from each website makes comparison of the
nonstandardized outputs difficult, some comparisons can be
made. For instance, the three sites that provided a comparative
statement of risk provided different results from each other for
three of the four sample subjects. Comparisons of the sites with
numeric estimates to each other and to the comparative
estimates (assuming an average woman’s risk of 12.5%)3%
revealed some small and some large differences. For example,
for subject 1, the Halls MD and NCI sites, which presented
lifetime risk estimates did not differ much from each other
(18.4% vs 17.7%), but they did deviate from the comparative
risk estimate of “average risk” from the Women’s Cancer
Network site. In addition, the three websites presenting 30-year
risk estimates (GenneX, Halls MD, and RealAge) differed greatly
from each other (30% vs 7.7% vs 3.3% for subject 1; Table 4).

As shown in Table 5, the output provided by the websites for
the hypothetical high- and low-risk women also varied. For in-
stance, for the high-risk woman, the 30-year estimates for Halls
MD and the National Surgical Breast and Bowel Project did not
differ much (38.7% vs 35%) but were very different from the
GenneX estimate (64%). The lifetime estimates for the high-risk
woman were similar for NCI and Halls MD (40.5% vs 42.3%) but
differed greatly from the RealAge estimate (15.2%).

Furthermore, when comparing numeric estimates from
each site for the hypothetical high- and low-risk women to
the appropriate SEER estimate (matched by gender, age, and
time frame of the estimate), there was a fivefold difference
across internet calculators’ estimates for the high-risk woman
and a twofold difference for the low-risk woman. For the high-
risk woman, the GenneX site provided a 30-year estimate that
was 6.8 times the SEER 30-year estimate for the average
same-age, Caucasian woman (64% from GenneX vs 9.35%
from SEER), whereas the RealAge site provided a lifetime risk
estimate that was 1.3 times the SEER lifetime estimate for the
average same-age white woman (15.2% vs 11.5%). For the low-
risk woman, the GenneX site provided a 30-year estimate that
was nearly identical to the SEER estimate for the average
same-age black woman (6% vs 7.75%), whereas the National
Surgical Breast and Bowel Project site provided an estimate
that was less than half of the SEER estimate (3% vs 6.6%).

Table 5 Breast Cancer Risk Calculators’ Output for Hypothetical

Low- and High-Risk Woman

Output for Output for
hypothetical hypothetical high
low risk woman risk woman
5 year risk
NCI 0.6% 7.2%
National Surgical 0.57% 7.17%
Breast and Bowel
Project
10 year risk
GenneX 2.7% 24.5%
Halls, MD 1.4% 16.1%
RealAge 0.8% 4.6%
30 year risk
GenneX 6% 64%
Halls, MD 4.2% 38.7%
National Surgical 3% 35%
Breast and Bowel
Project
Lifetime risk
NCI 3.7% 40.5%
Halls, MD 5% 42.3%
RealAge 2.5% 15.2%

Comparative risk
Harvard Center for
Cancer
Prevention
Women'’s Cancer
Network
Mary Bird Perkins

Verbal risk
AstraZeneca

Breastcancerquiz.
com

Department
of Surgery at St.
Vincent Charity
Hospital
Memorial
Healthcare
System

Below average

Low risk

Below average

You scored a total of 0.
If your answers added
up to 2 or more, you
may be at high risk
for developing breast
cancer

You scored a total of 0.
If your answers added
up to 2 or more, you
may be at high risk for
developing breast
cancer

Your risk score is 1. 0-
3, average risk; 4-7,
moderate risk; 8 or
higher, high risk

You appear to not be
at higher risk for
breast or ovarian
cancer

Very much above
average

Moderate risk

Very much above
average

You scored a total of 8.
If your answers added
up to 2 or more, you
may be at high risk for
developing breast
cancer

You scored a total of 8.
If your answers added
up to 2 or more, you
may be at high risk for
developing breast
cancer

Your risk score is 8. 0-
3, average risk; 4-7,
moderate risk; 8 or
higher, high risk

Please call our Cancer
Risk Counseling
Service at xxx-xXxx-
xxxX to evaluate your
risk...

SEER estimate for same-age and same-race woman. Low risk: 2.1%, 10-
year risk; 6.6%, 30-year risk; 7.75%, lifetime risk. High risk: 2.5%, 10-
year risk; 9.4%, 30-year risk; 11.5%, lifetime risk. The 13th site, St.
Luke’s Episcopal Health System, is omitted from this table because it
does not provide a risk estimate; it only provides behavioral recommen-
dations for the user.

DISCUSSION

Cancer risk calculators on the internet disseminate individu-
alized cancer risk estimates and recommendations to site
visitors. Thus, cancer risk calculators on the internet can be
a valuable tool for improving people’s understanding of their
cancer risks and encouraging preventive health measures, which
can reduce cancer risk.?%2%3536 However, the lack of regulation
or oversight of information on the internet raises concerns
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about the quality and accuracy of the risk information that these
calculators provide. Our study provides evidence to support
these concerns on several levels.

First, a prudent internet user should evaluate the website
before accepting the information it provides, but we found that
many of the sites do not provide the information (e.g., source
information) that a user would need to conduct this evaluation.
Others have raised this same concern about cardiovascular risk
calculators on the internet®” and health information websites
more generally.!! The absence of this information on some
websites raises the question of whether a reliable source exists.

Second, the breast cancer risk calculators vary in the risk
factors that they use to assess a visitor’s risk of breast cancer
and how they operationalize these risk factors. Some calcula-
tors do not include well-established risk factors in their
calculation. Third, the breast cancer risk calculators vary in
the estimates they provide for the same woman'’s risk of breast
cancer, and their estimates are not consistently correlated with
each other. This variation strongly suggests that the risk
estimates from some of the calculators are inaccurate. Be-
cause so few sites calculate risks of cancers other than breast
cancer, we could not examine whether these two issues apply
to calculators for other cancers as well.

These variations and potential inaccuracies in internet risk
calculator output may generate inaccurate perceptions of
cancer risks in the general public, which may lead to inappro-
priate decisions and behaviors. For instance, a visitor who is
told that her risk of breast cancer is lower than it actually is
might decide not to get routine breast screening, placing her at
increased risk of death from breast cancer. Conversely, a visitor
who is told that her risk of breast cancer is twice as high as it
actually is may become distressed or obtain unnecessary
screening tests or even invasive diagnostic procedures.

These scenarios are real possibilities. Studies have shown
that the general public views information on the internet as
trustworthy,®®°° and 71% of online health information-
seekers said that information they found on the internet
influenced their decisions regarding their own healthcare or
that of a loved one.*® Thus, the dissemination of inaccurate
risk information may have significant consequences for
people’s health decisions and health behavior.

The results of this study must be considered within its
limitations. First, the subjects in this study were from a
convenience sample and were not representative of any particular
patient population or the US population. However, because this
study compared internet risk calculator output either within-
subject or between a subject and corresponding SEER estimates,
the nature of the sample should have no impact on the findings.
Second, the absence of a gold standard (i.e., the true risk estimate
for a given person) and the variation in output format hinders our
ability to evaluate the risk calculator output provided by each site
for each subject. However, the SEER estimates provided infor-
mation on the average same-sex and same-race patient as the
hypothetical high- and low-risk women, which facilitated an
evaluation of the sites’ output. Furthermore, even without
knowing the true risk for a given person, the variation in the
output across the sites makes it clear that at least some sites are
providing inaccurate estimates; the different estimates cannot all
be correct. Third, it is also difficult to evaluate these sites without
considering the algorithm they used (and how it was validated) to
calculate risk estimates. However, upon requesting information
on the algorithm used by the sites that did not document this

information on their webpage, we either received no response or a
denial of our request. Finally, it is important to note that the World
Wide Web is an ever-changing environment, and as a result, the
conclusions from this study are time sensitive. In fact, during the
review of this manuscript, 5 of the sites became inactive.
Nevertheless, the results of our evaluation of cancer risk
calculators on the internet suggest several points for further
consideration. First, the results highlight the need for oversight of
these websites and correction of existing inaccuracies. The
provision of inaccurate risk information by these sites may have
significant consequences for patients’ health outcomes. Second,
these results can provide guidance to assist healthcare providers
in determining which sites they ought to recommend to their
patients and to assist patients in selecting the site that is most
useful to them. Finally, these results also highlight the difficulties
in developing a “gold-standard” risk prediction model. The multiple
risk factors for any given cancer are generally not available from a
single study requiring statistical methods to aggregate their effects
into a summative estimate. These methods can be misleading if
they fail to take into account lack of independence among the risk
factors or the variation in their effects across different population
subgroups. These difficulties contribute to the lack of a dominant
approach to risk assessment and the variation across the websites.
There is little doubt that making individualized health informa-
tion available on the internet for easy access by the general public
is a worthwhile goal. However, if this information is not of sufficient
quality, it will have the reverse of the intended effect and may
increase patient and health system burden rather than reducing it.
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APPENDIX 1: RISK FACTORS OF THE HYPOTHETICAL
HIGH AND LOW BREAST CANCER RISK WOMEN

The high-risk patient is a 55-year-old, 52", 150-1b Jewish woman
who smokes. Her mother had breast and ovarian cancer, and two
sisters had breast cancer, one of whom also had ovarian cancer.
She has no personal history of cancer and no other family history of
cancer. She has no significant medical history except for benign
breast disease and two negative breast biopsies. She had no
pregnancies, no live births, began menstruating at age 11, reached
menopause at age 53, and did not have a hysterectomy. She took
oral contraceptives for 10 years and stopped 10 years ago. She did
not take hormone replacement therapy. She does not have annual
mammograms or conduct regular self breast exams. She has poor
nutrition and exercise habits (the worst option in response to
questions assessing these two risk factors was entered on each site).

The low-risk patient is a 55-year-old, 5’5", 115-Ib African-
American woman who does not smoke. She has no family history
of any cancer and no personal history of cancer. She has had no
biopsies and has not been diagnosed with benign breast disease
and no other significant medical history. She has had 3 pregnan-
cies, which all resulted in live births, breast fed for a total of
2 years, and had her first child at age 24. Menstruation began at
age 14; she reached menopause at age 47 and has not had a
hysterectomy. She never took oral contraceptives or hormone
replacement therapy. She has annual mammograms and con-
ducts regular self breast exams. She has good nutrition and
exercise habits (the best option in response to questions assessing
these two risk factors was entered on each site).

Other risk factor questions were either answered as “un-
known/not sure” or were answered randomly and recorded.

APPENDIX 2: RISK FACTORS FOR SAMPLE SUBJECTS
PRESENTED IN TABLE 4

Risk factor Subject Subject Subject Subject
16 1 37 31

First period before age 12? No* No* Yes' No*

First child after age 30? No* No* No* No*

Childless? Yes* Yes* Yes* Not

Mother had/has breast No* Yes' No* No*
cancer?

Sisters had/has breast Nof Nof Nof No'
cancer?

Daughters had/has No' No' No' Noft
breast cancer?

Ever had breast biopsy? Nof No' No' Yes*

Doctor ever tell you biopsy ~ No' No Nof Not
showed premalignant or
precancerous condition?

Doctor ever tell you that Nof No' Nof No'
one of your biopsies
showed early cancer that

had not spread yet?

Have you ever used birth No* No* No* No*
control pills?
Ashkenazi Jewish? No' No' No' No'

*Status of this risk factor is risk increasing (e.g., is Ashkenazi
Jewish)."Status of this risk factor is risk decreasing (e.g., is not
Ashkenazi Jewish).
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