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ABSTRACT 

Background: Estimates of lifetime cancer risk are commonly used in the clinical setting and in health-care 
evaluations. These measures are based on lifetime cancer risk estimates and may create an unrealistically 
frightening perception of cancer risk for an individual. We suggest using two new measures of cancer risk to 
complement the cancer lifetime risk measure, namely estimates of cancer risk from birth to a specific age or 
from a specific age to life expectancy. 

Methods: We calculated risks using incidence density data from the Israel National Cancer Registry of 
2013, applying a well-known formula for calculating risk, for a follow-up time. The joint disease-free 
survival probability is calculated for several age intervals, and hence the risk (i.e. 1–survival) for the 
intervals. 

Results: The risk of cancer to age 80 in Jewish men and women, respectively, ranged from about 0.336 
and 0.329 at age 0, to 0.279 and 0.237 at age 60. The risk of cancer from birth up to an age in Jewish men 
and women, respectively, ranged from 0 and 0 at birth to 0.088 and 0.129 at age 60. The risk of cancer to 
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age 80 in Arab men and women, respectively, ranged from 0.298 and 0.235 at age 0 to 0.249 and 0.161 at 
age 60. The risk of cancer from birth up to an age in Arab men and women, respectively, ranged from 0 and 
0 at age 0 to 0.074 and 0.095 at age 60. In Jewish and Arab women, breast cancer risk to age 80 decreased 
from about 0.127 in Jewish women at age 40 to 0.079 at age 60 and from 0.080 to 0.043 in Arab women; 
the risk from birth up to a specific age ranged between 0 and 0.056, and 0 and 0.040, respectively.  

Conclusion: The two proposed new estimates convey important additional information to patients and 
physicians. These estimates are considerably lower than the frequently quoted 33% lifetime cancer risk and 
are more relevant to patients and physicians. Similarly, breast cancer risk estimates up to or from a specific 
age differ considerably from the frequently quoted lifetime risk estimates of 1 in 8 women. 

KEY WORDS: Breast cancer, cancer, epidemiology, lifetime risk, methodology, risk 

 

INTRODUCTION 

Cancer risk estimates can potentially be easily mis-
understood and create an unrealistically frightening 
perception of risk.1 Cancer risk estimates based on 
the risk in the entire lifespan are commonly quoted 
in scientific and popular publications. In this paper, 
we suggest using the following two new measures: 
(1) An estimate of cancer risk from a specific age to 
life expectancy; and (2) An estimate of cancer risks 
from birth up to a specific age. We use the cancer 
registry statistics in Israel to calculate these two new 
measures and compare them with the traditional 
cancer lifetime risk measure.  

Limitations of the Lifetime Risk Measure 

The Surveillance, Epidemiology, and End Results 
(SEER) Program of the National Cancer Institute 
(NCI) regularly publishes lifetime risks of being 
diagnosed with each type of cancer.2 According to 
these estimates, the lifetime risk of all invasive 
cancers in the USA is 42.05% and 37.58% for men 
and women, respectively. The lifetime risk of breast 
cancer in women is 12.32%, i.e. the odds are about 1 
in 8.3,4 The SEER program also estimated the risk of 
being diagnosed with cancer in 10, 20, and 30 years 
(from any age). However, SEER2 has not offered an 
alternative to lifetime risk estimate until life 
expectancy. 

Ahmad et al.5 estimated that one in two people 
born after 1960 in the UK will be diagnosed with 
some form of cancer during their lifetime. They 
reported that the lifetime risk of cancer in the UK 
increased from 38.5% for men born in 1930 to 
53.5% for men born in 1960, while for women it 
increased from 36.7 to 47.5%. The publications of 
the Israel National Cancer Registry (INCR)6 also use 
the “lifetime risk of cancer” as a measure of cancer 
morbidity.  

These publications estimate that 1 in 3 persons in 
Israel will be diagnosed with cancer in their lifetime. 
Similar calculations estimated that 1 in 8 women in 
Israel will be diagnosed with breast cancer in their 
lifetime. It should be noted that these estimates of 
lifetime cancer risk indicate only the probability 
(risk) of being diagnosed with cancer at birth (age 0) 
through to the end of life, where life expectancy is 
estimated to be 80 or 90 years, and thus have 
several limitations:  

Specifically, the two main limitations of this mea-
sure are as follows. 

1. Lifetime risk does not indicate the future risk 
of cancer from a specific age to life expectan-
cy. However, the future cancer risk is fre-
quently a focus of interest for individuals: 
what is the risk that I will have cancer in the 
future? The answer to this question may 
change an individual’s personal decisions, as 
well as financial planning and insurance 
choices. 

2. Lifetime risk does not indicate the past risk 
of cancer from birth up to a specific age, i.e. 
it does not estimate the risk of being diag-
nosed with cancer in the past up to any spe-
cific age. However, the past cancer risk is fre-
quently a focus of cancer cluster investiga-
tions and tort litigations when individuals 
claim that their cancer rate is higher than 
expected.2  

METHODS 

Measures of Disease Incidence  

The cumulative incidence rate (CIR) is a commonly 
used measure of disease risk, estimated as the pro-
portion (percent) of a population at risk that will 
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develop an outcome in a given period of time.7–15 It 
is a measure of risk (i.e. probability) of a disease.  

The CIR is most commonly used for estimating 
risk from the follow-up data of a fixed closed cohort. 
The numerator for CIR is the number of newly 
detected cases, and the denominator is the number 
of disease-free subjects at the beginning of the 
follow-up. This fraction is a proportion estimation of 
a probability or risk of disease. Hereafter, we use the 
term risk (R), instead of CIR for simplicity. 

Incidence density (ID) has the same numerator 
as the risk, that is, the number of newly detected 
cases, but the denominator is the sum of the person-
time experience of the at-risk population.7–13 It is 
usually calculated in a dynamic open population. 
Incidence density is an estimate of the instanta-
neous rate of disease, i.e. the rate at which new cases 
are occurring at any particular moment. The ID rate 
is therefore more analogous to the speed of a car, i.e. 
it measures the rate at which new cases of disease 
occur per unit of time. 

The calculation of the ID assumes that the popu-
lation is dynamic and stable over the follow-up 
period. Stability implies that the study population’s 
size and age distribution, and, thus, that of other 
characteristics, remain constant. Therefore, the 
computation must generally involve small age cate-
gories, because the underlying assumption of the 
analysis is that the (instantaneous) rate of cancer 
remains constant over the age/time follow-up peri-
od. The INCR uses five-year age categories. 

We used ID data to calculate the risks in order to 
estimate the risk of cancer from birth to a specific 
age and from a specific age to life expectancy. 

Source of Data 

We used the INCR data for 2013,6 which are ID data. 
These data are published for four gender and ethnic 
categories: men and women, Jews and Arabs. The 
registry data in a country’s dynamic population 
comprise ID data for one year of follow-up. The ID 
data are usually presented for 100,000 person-
years, for each five-year age group, assuming that 
the ID is stable throughout the quinquennial age 
groups (in a follow-up of one year). This implies 
that, as a person ages during these five years, the ID 
remains constant. To demonstrate our methodology, 
we use the INCR data for 2013 for all cancers and 
for breast cancer. 

Calculating Risk from ID Data 

Note that ∆t refers to the follow-up time, not to 
the range of each age stratum. Failure to dissociate 
these two different periods would yield incorrect 
risk estimates. For example, the follow-up time of 
the annual cancer registry reports is one year, while 
the range of the age categories is five years, e.g. 40–
44 years of age. 

The use of these equations involves known limi-
tations and assumptions.10,13 The equation assumes 
a constant ID for the follow-up period, which is a 
logical assumption for one year of follow-up in a 
narrow range of age stratum, and also assumes no 
competing risks. 

Using Age-specific ID for Calculating Risk 

for a Given Follow-up Period 

Using the notations of Rothman et al.,13 we can write 
that the disease-free survival (no disease 
occurrence) probability S after the follow-up k year, 
for the jth age category, is 1–risk in that year. Thus, 
for the first age category we can use 

The risk (R) of cancer is frequently calculated from 
the cancer registry ID rate,13 using a well-known 
formula10 for calculating risk, for a follow-up time 
∆t: 

 𝑅𝑡0,𝑡1
= 𝑅∆𝑡 = 1 − 𝑒−𝐼𝐷∗Δ𝑡  (Eq. 1) 

When a person is followed up over several j age 
categories that have a different ID, denoted by IDj, a 
summary of the person-time experience is used in 
the calculations. This constitutes the average risk for 
a person in that age group. ( represents the sum 
over the j age categories.) 

 

(Eq. 2) 
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𝑆1 = 1 − 𝑅1 = 1 − 1 + 𝑒−𝐼𝐷𝑗∗Δ𝑡𝑘 = 

= 𝑒−𝐼𝐷1∗Δ𝑡𝑘 
(Eq. 3) 

Therefore, for a person in each age in the first 
age category the survival is 

𝑆1 = 1 − 𝑅1 = 1 − 1 + 𝑒−𝐼𝐷𝑗∗Δ𝑡𝑘 = 

= 𝑒−𝐼𝐷1∗Δ𝑡𝑘  
(Eq. 3.1) 
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Note that follow-up times may not be uniform 
and may also be different for each age category. For 
simplicity, we assume equal follow-up times, i.e. tk 
is constant. The INCR data are always for one year 
of follow-up, per 100,000 persons, for each age 
category, i.e. ID data per 100,000 person-years. If 
the follow-up time is tk=1 year (e.g. as in the yearly 
report of a cancer registry), the equation is 

 

 

𝑅1..j = 1 − Π(1 − 𝑅1) … (1 − 𝑅𝑗) = 

= 1 − 𝑒− ∑ −𝐼𝐷𝑗∗1
𝑗
1 = 1 − 𝑒− ∑ −𝐼𝐷𝑗

𝑗
1  

(Eq. 8) 

Age-specific Risk Calculations  

Using the above equations, we calculated the risk for 
any follow-up period from the age-group-specific 
risks using ID data. Then, we calculated the survival 
rates (i.e. 1–R) for specific follow-up times. Next, we 
calculated the age-specific risk of cancer, in the 
following steps. The relevant age group’s ID was 
used as the age-specific ID. Thus, for example, the 
20–24 age-group-specific ID was used as the age-
specific ID for the ages 20, 21, 22, 23, and 24 years. 
In this sense, we followed the INCR practice of 
assuming that the ID was stable within each age 
group. Each ID (rate of cancer per 100,000 person-
years in 2013) represents a follow-up time of one 
year for each age within the age group range. 

Age-specific risks were calculated for each age in 
an age group interval (i.e. for each age 20, 21, 22, 23, 
and 24 years for the 20–24 year age group interval) 
using Equation 2. Age-specific cancer-free survival 
probabilities were calculated for each age using 
Equation 3; i.e. for each of the five years of the 
follow-up we used the relevant age-group-specific 
ID to calculate the age-specific survival probabilities 
for each age.  

Cumulative cancer-free survival probabilities for 
a range of ages were calculated by multiplications of 
the age-specific survival probabilities in the range 
using Equation 6.  

The risks for a range of ages were calculated 
using Equation 8. 

Calculation of the Two New Measures for 

All Cancer Types 

We calculated two risk estimates that address the 
two issues stated in the introduction section as 
follows: 

(1) The future risk from a specific age up to life 
expectancy was calculated for a person from a 
specific age up to a life expectancy of 80 years, using 
ID data after the specific age up to age 80. We 

𝑆1,2 = 𝑆1𝑆2 = (1 − 𝑅1)(1 − 𝑅2) 

(Eq. 4.1) 

Disease-free survival in the second age interval is 
conditioned on the survival in the first age interval. 
The joint survival probability in the first age interval 
and the second age interval is 

𝑆1,2 = 𝑆1𝑆2 

(Eq. 4) 
so that  

𝑆1,2 = 𝑆1𝑆2 = (1 − 𝑅1)(1 − 𝑅2) 

(Eq. 4.1) 

Assuming similar follow-up time tk, we obtain 

𝑅1,2 = 1 − 𝑆1𝑆2 = 

= 1 − (1 − 𝑅1)(1 − 𝑅2) = 

= 1 − 𝑒−𝐼𝐷1∗Δ𝑡𝑘𝑒−𝐼𝐷2∗Δ𝑡𝑘 = 

= 1 − 𝑒− ∑ −𝐼𝐷𝑗∗Δ𝑡𝑘
2
1  

(Eq. 5) 

In general, the risk for the 1 … jth age category 
(using  for multiplication) is 

𝑆1..j = Π(1 − 𝑅1) … (1 − 𝑅𝑗) = 

= 𝑒− ∑ −𝐼𝐷𝑗∗Δ𝑡𝑘
𝑗
1  

(Eq. 6) 
And thus, 

 𝑅1..j = 1 − 𝑆1..j = 

= 1 − Π(1 − 𝑅1) … (1 − 𝑅𝑗) = 

= 1 − 𝑒− ∑ −𝐼𝐷𝑗∗Δ𝑡𝑘
𝑗
1  

(Eq. 7) 
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assumed a follow-up time of one year at each age, 
throughout the remaining years up to life expec-
tancy as a person ages and becomes a member of 
other age categories. We also assumed that the 2013 
ID data for each age category are stable estimates for 
future years, as a person ages. For example, for a 
person aged 20, we multiplied the calculated risk for 
each age from age 20 until age 80, based on the age-
group-specific ID (ID was assumed stable for each 
age category). The cancer-free survival probability is 
calculated using the above Equations 3–6. The risk 
of a person aged 20 years can be calculated for 60 
years until life expectancy (80 years) using the 
above Equations 7 and 8. As the 20-year-old person 
is aging and becoming a member of all age cate-
gories until age 80, the cumulative risk is calculated 
by multiplying the age-specific cancer-free survival 
probabilities, and the total risk would be 1–
cumulative survival, as explained above (Eq. 8).  

These calculations provide an estimation of the 
risk of being diagnosed with cancer from a specific 
age (e.g. 20 years in the example) at any time in the 
future after 20 years of age until life expectancy. 

(2) The past risk from birth (age 0) to a specific 
age was calculated for a person from birth until a 
specific age. We used ID data from age 0 until that 
age. For example, for a person aged 20 years 
cumulative cancer-free survival probabilities were 
calculated by multiplying the cancer-free age-spe-
cific probabilities from birth until age 20. The risk 
for ages 0 to 20 (i.e. 1–cumulative survival proba-
bilities) was then calculated. In other words, as this 
person ages from age 0 to age 20, the total risk 
would be the 1–multiplication of the specific age 
survival probabilities (Equation 8). 

Calculation of the Two New Measures for 

Breast Cancer 

Similarly, we calculated the three new estimates of 
breast cancer risk using the INCR data for 2013. 

RESULTS 

For simplicity and readability, the results (Tables 1–
3, Figures 1–4) are presented for selected ages: 0, 
20, 40, and 60 years for all cancers, and 0, 20, 40, 
50, and 60 years for breast cancer. For breast 
cancer, we chose to include the calculated risk 
measures for age 50 because of the common practice 
of offering mammography to women at age 50 and 
over.  

Risk of All Cancers 

Table 1 describes the 2013 INCR data for Jewish 
men and women for ages 0, 20, 40, and 60 years.  

For Jewish men, the risk of cancer from these 
ages to age 80 ranged from 0.336 at age 0, and 
decreased to 0.279 for age 60. The risk of cancer 
from birth up to an age ranged from 0 at birth (as 
expected) to 0.088 at age 60. Similar but slightly 
higher risks from an age to age 80 were found for 
Jewish women. However, the risks up to an age for 
Jewish women were higher after age 40. 

Table 2 describes the 2013 INCR data for Arab 
men and women for ages 0, 20, 40, and 60 years 
with similar findings. However, the risks of Arab 
women in all ages were lower than the risks for Arab 
men. 

Figure 1 summarizes the cumulative risk of any 
type of cancer in the future from a specific age to age 

Table 1. All Cancer Rates in 2013 for Jewish Men and Women; Risk for Follow-up from a Specific Age Up to Age 

80; and Risk from Birth Up to a Specific Age. 

Age 

Jewish Men Jewish Women 

Rate per 
100,000 

Person-years 

Risk from an 
Age to Age 80 

Risk up to 
an Age 

Rate per 
100,000 

Person-years 

Risk from an 
Age to Age 80 

Risk up to 
an age 

0 18.49 0.336 0.000 14.74 0.329 0.000 

20 37.37 0.334 0.004 40.96 0.327 0.004 

40 147.73 0.325 0.018 299.61 0.313 0.026 

60 1006.20 0.279 0.088 1014.50 0.237 0.129 

 



 

Alternatives to Lifetime Risk Estimates 
 

 

Rambam Maimonides Medical Journal 6 January 2018  Volume 9  Issue XX  e0002 
 

80 in Jewish and Arab man and women in Israel as 
compared to the lifetime risk of 0.33. The risk from 
a specific age to age 80 is above 33% until age 31 
years for Jewish men and declines thereafter. It is 
always below 33% for Jewish women, and for Arab 
men and women.  

Figure 2 summarizes the risk of any type of 
cancer in the past from birth up to a specific age in 
the four ethnic and gender strata, as compared to 
the lifetime risk of 0.33. The risk up to an age is 
above 33% only at age 79 for Jewish men and 
women. The highest risk for Arab men and women 
is lower and reaches 0.30 and 0.24 for Arab men 
and women at age 79, respectively. 

Risk of Breast Cancer 

Table 3 describes the 2013 INCR breast cancer data 
for Jewish and Arab women for the ages 0, 20, 40, 
50, and 60 years. The breast cancer risks of Arab 
women are in general lower than those of Jewish 
women. 

The risk in the future up to age 80 decreased 
from 0.127 in Jewish women at age 40 and younger  
(similar to the commonly published “1 in 9” 
estimated odds) and decreased thereafter to 0.079 
at age 60. Lower rates were found for Arab women, 
with a range between 0.080 and 0.043. The past 
risk from birth up to a specific age ranged between 0 
and 0.056 for age 60 in Jewish women and from 0 
to 0.040 in Arab women.  

Table 2. All Cancer Rates in 2013 for Arab Men and Women; Risk for Follow-up from a Specific Age Up to Age 

80; and Risk from Birth Up to a Specific Age. 

Age 

Arab Men Arab Women 

Rate per 
100,000 

Person-years 

Risk from an 
Age to Age 80 

Risk up to 
an Age 

Rate per 
100,000 

Person-years 

Risk from an 
Age to Age 80 

Risk up to 
an Age 

0 20.65 0.298 0.000 16.55 0.235 0.000 

20 38.81 0.296 0.003 29.65 0.233 0.002 

40 94.26 0.290 0.012 202.48 0.219 0.022 

60 854.55 0.249 0.074 709.50 0.161 0.095 

 

 

Figure 1. Risk of Any Cancer from an Age up to Age 80 in Jewish Men (JM), Jewish Women (JW), Arab Men (AM), 

and Arab Women (AW) in Israel. Israel National Cancer Registry data 2013. 
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Figure 3 describes the risk of breast cancer in the 
future from a specific age to age 80, as compared to 
the frequently quoted breast cancer lifetime risk of 
0.125. Until age 45, the risk is above 0.120 and 
0.080 among Jewish and Arab women, respectively, 
and thereafter decreases. 

Figure 4 describes the risk of breast cancer in the 
past from birth up to a specific age in Jewish women 
and Arab women in Israel, as compared to the 
frequently quoted breast cancer lifetime risk of 
0.125. The risk is below 0.02 among both Jewish 
and Arab women up to age 45 and 49, respectively. 
Thereafter, the risk increases more quickly among 
Jewish women, and reaches approximately 0.120 
only after age 75. The highest risk among Arab 
women is 0.080 at age 80. 

DISCUSSION 

The frequently reported “lifetime risk” of cancer 
statistics has two main limitations: it may not 
indicate the important statistics that may be the 
main concern of patients and physicians, i.e. the 
cancer risk in the past up to a certain age, and in the 
future from a specific age to life expectancy. We can 
suggest “cancer risk in the past risk (CRIP)” and 
“cancer risk in the future (CRIF)” as names for the 
suggested new measures. 

In this paper, we propose two new measures that 
can be used to address these issues of interest. These 
measures can easily be calculated from the published 
statistics of national registries and are applicable for 
individuals at any age. The proposed new measures 

 

Figure 2. Risk of Any Cancer from Birth to an Age in Jewish Men (JM), Jewish Women (JW), Arab Men (AM), and 

Arab Women (AW) in Israel. Israel National Cancer Registry data 2013. 

Table 3. Breast Cancer Rates in 2013 for Jewish and Arab Women; Risk for Follow-up from a Specific Age Up to 

Age 80; and Risk from Birth Up to a Specific Age. 

Age 

Jewish Women Arab Women 

Rate per 
100,000 

Person-years 

Risk from an 
Age to Age 80 

Risk up to 
an Age 

Rate per 
100,000 

Person-years 

Risk from an 
Age to Age 80 

Risk up to 
an Age 

0 0 0.127 0 0 0.080 0 

20 1.45 0.127 0 44.04 0.079 0 

40 139.30 0.121 0.007 103.31 0.073 0.007 

50 271.15 0.104 0.028 214.29 0.065 0.020 

60 377.68 0.079 0.056 240.22 0.043 0.040 
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are clinically oriented. They provide information 
that may be useful to patients and physicians, and 
can be interpreted and used straightforwardly. 

Our analyses indicate that relevant cancer risk 
estimates from birth to a specific age, or from a spe-
cific age to life expectancy, or the average risk in a 
specific age group, are all considerably lower than 
the frequently quoted 33% lifetime cancer risk. Sim-

ilarly, breast cancer risk estimates at specific ages 
are different from the frequently quoted estimated 
odds of 1 in 8 or 1 in 9 women. These lower cancer 
probabilities have important implications for indi-
viduals, and also for the public health system in 
terms of predicting the health resources required for 
cancer patients.2,7,12 These two estimates are also 
more informative than the lifetime risk estimates 
and more relevant to individuals at any specific age. 

 

Figure 3. Risk of Breast Cancer from a Specific Age up to Age 80 in Jewish Women (JW) and Arab Women (AW) 

in Israel. Israel National Cancer Registry data 2013. 

 

Figure 4. Risk of Breast Cancer from Birth up to an Age in Jewish Women (JW) and Arab Women (AW) in Israel. 

Israel National Cancer Registry data 2013. 
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The future cancer probability from a specific age 
could be used to assess an individual’s probability of 
being diagnosed with cancer in the future, and the 
probability can be modified by considering risk fac-
tors such as smoking, family history, etc. This 
statistic may have implications on a person’s future 
productivity, potential insurance calculations, and 
the public health system’s estimates of medical 
services allocation and planning, per each age. 

The past cancer probability up to a specific age 
could be used to assess the excess of cancer occur-
rence in populations and individuals, in litigations, 
occupational settings, and toxic tort litigations.16 For 
example, the present cancer probability of a person 
who has been diagnosed with cancer could be com-
pared with that of having cancer in the past up to 
his/her present age. In toxic tort litigations, for a 
group of persons who have been diagnosed with 
cancer, the median age of diagnosis could be com-
pared to the probability of cancer until that age in 
the general population, based on the cancer registry. 

Bender et al.17 noted the limitations of the life-
time risk measure and suggested new population 
measures, that is, the cumulative risk for an entire 
cohort, using lifetable methodology, to estimate a 
quantitative index of the cancer burden in the com-
munity (e.g. a state). They indicated that their new 
measure estimates the population cancer risk (PCR) 
and expresses it as the number of expected cancers  
in the lifetimes of 1,000 people. This index has appli-
cations in program planning, communicating the 
risk of cancers, and descriptive epidemiology. Our 
measures are applicable for individuals, rather than 
populations, as suggested by Bender et al., and may 
be more informative in clinical settings and thus 
complement the methodologies mentioned above. 

Our methodology is based on published registry 
data and thus is available to any person or health 
professional who can access published registry data. 
Because it uses registry data, it has the same limita-
tions as all registry data, including incomplete ascer-
tainment, possible selection and information bias, or 
bias due to multiple malignancies in the same 
person.18  

In addition, our calculations in Equations 1–8 
are based on specific assumptions, as mentioned, i.e. 
stable ID in the relevant period and an absence of 
competing risks. In the calculations, we assumed 
that the ID for each age group in the past or the 
future is identical to that in 2013. Future research 
could attempt to adjust for the rate of change in 

cancer rates throughout the relevant year periods. 
However, this limitation in our methodology is 
similar to any lifetime cancer risk calculations that 
are currently used. Similar to the commonly used 
“lifetime risk” measure from birth to life expectancy, 
our new measures give identical weight to all ages 
and all age-specific cancer rates. Future research 
could attempt to standardize these measures, or 
develop further measures of years of potential life 
lost based on our suggested measures, as has been 
suggested by Sasieni and Adams.19 

Following SEER,2 we suggest that future research 
could use our new measures to calculate the risk 
from any age 10, 20, 30, 40, 50, etc. years ahead, 
similar to our calculations to age 80 (life expec-
tancy). 

Further research could explore the use of our 
suggested measures: clinicians in one clinic could 
use these new estimates, and clinicians in a com-
parable clinic could use the old estimates when 
talking to their patients, and the pre–post attitudes 
and behaviors of patients belonging to the two 
clinics could then be compared. The results could 
serve as a measure of the feasibility, efficacy, and 
effectiveness of our suggested new measures, as in 
other research on other health measures. 

We used 80 as an estimate of life expectancy; 
however, our calculations should be modified for 
countries or populations with a different life expec-
tancy.2  

A limitation of our study is that data for only one 
year (2013) were used. We used these data as these 
were the most recent available data of the INCR, and 
for demonstrating the use of our suggested new 
measures. Thus, our estimates of risks are limited to 
this year only. Future research could compare these 
estimates with those for other years. 

Our analyses indicate that relevant cancer risk 
estimates from birth to a specific age, or from a 
specific age to life expectancy, are all lower than the 
frequently quoted lifetime cancer risks. Our esti-
mates may be more informative than the currently 
used lifetime risk measure, which may overly alarm 
individuals or decision-makers.1 For example, Hop-
wood20 indicated that women’s perceptions of breast 
cancer risk are largely inaccurate and are frequently 
associated with high levels of anxiety about cancer. 
Further research could explore the use of our mea-
sure in communicating cancer risk. Our age-specific 
estimates of cancer risks may have important impli-
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cations in public health settings and in predicting 
the necessary health resources for cancer patients.  

In summary, we suggest that the new measures 
could complement the published registry “lifetime 
risk” statistics and potentially provide more relevant 
information to patients and physicians. 

REFERENCES 

1. Wun JM, Merrill RM, Feuer EJ. Estimating lifetime 

and age-conditional probabilities of developing 

cancer. Lifetime Data Anal 1998;4:169–86. Crossref 

2. National Cancer Institute. SEER Cancer Statistics 

Review 1975–2012, NCI. Nov. 18, 2015. Available at: 

http://bit.ly/2fzugUf  (accessed September 11, 2017). 

3. National Cancer Institute. SEER Cancer Statistics 

Review 1975-2-12, Tables 1.15 through 1.17. August, 
2014. Available at: http://bit.ly/2xD2Dhy (accessed 

September 11, 2017).  

4. American Cancer Society. Lifetime Risk of Develop-

ing or Dying from Cancer. November 23, 2016. Avail-

able at: http://bit.ly/2hyGDR5 (accessed September 
11, 2017). 

5. Ahmad AS, Ormiston-Smith N, Sasieni PD. Trends in 
the lifetime risk of developing cancer in Great Britain: 

comparison of risk for those born in 1930 to 1960. Br 

J Cancer 2015;112:943–7. Crossref 

6. Israel Center for Disease Control. Health 2013. 

Publication 354, Feb. 2014 [Hebrew]. Jerusalem, 
Israel. Available at: http://bit.ly/2k8T2wb (accessed 

September 11, 2017). 

7. Elandt-Johnson RC. Definition of rates: some 
remarks on their use and misuse. Am J Epidemiol 

1975;102:267–71. Crossref 

8. Miettinen OS. Estimability and estimation in case-

referent studies. Am J Epidemiol 1976;103:226–35. 

Crossref 

9. Miettinen OS. Theoretical Epidemiology. New York, 

NY: John Wiley & Sons; 1985. 

10. Morgenstern H, Kleinbaum G, Kupper LL. Measures 

of disease frequency used in epidemiologic research. 
Int J Epidemiol 1980;9:97–104. Crossref 

11. Victora CG. What’s the denominator? Lancet 1993; 

342:97–9. Crossref 

12. Tapia Granados JA. On the terminology and 

dimensions of incidence. J Clin Epidemiol 1997;50: 
851–7. Crossref 

13. Rothman KJ, Greenland S, Lash TL. Modern 
Epidemiology. 3rd ed. Philadelphia, PA: Lippincott 

Williams and Wilkins; 2012. 

14. Miettinen OS. Etiologic study vis-à-vis intervention 

study. Eur J Epidemiol 2010;25:671–5. Crossref 

15. Vandenbroucke JP, Pearce N. Incidence rates in 
dynamic populations. Int J Epidemiol 2012;41:1472–

9. Crossref 

16. Ricci PF, Cox LA Jr, Dwyer JP. Acceptable cancer 
risks: probabilities and beyond. JAPCA 1989;39: 

1046–53. Crossref 

17. Bender AP, Punyko J, Williams AN, Bushhouse SA; 

Section of Chronic Disease and Environmental Epide-

miology, Minnesota Department of Health. A stan-
dard person-years approach to estimating lifetime 

cancer risk. Cancer Causes Control 1992;3;69–75. 

Crossref 

18. Sasieni PD, Shelton J, Ormiston-Smith N, Thomson 

CS, Silcocks PB. What is the lifetime risk of develop-
ing cancer? The effect of adjusting for multiple 

primaries. Br J Cancer 2011;105;460–5. Crossref 

19. Sasieni PD, Adams J. Standardized lifetime risk. Am 

J Epidemiol 1999;149:869–75. Crossref 

20. Hopwood P. Breast cancer risk perception: what do 
we know and understand? Breast Cancer Res 2000: 

2;387–91. Crossref 

https://doi.org/10.1023/A:1009685507602
http://bit.ly/2fzugUf
http://bit.ly/2xD2Dhy
http://bit.ly/2hyGDR5
https://doi.org/10.1038/bjc.2014.606
http://bit.ly/2k8T2wb
https://doi.org/10.1093/oxfordjournals.aje.a112160
https://doi.org/10.1093/oxfordjournals.aje.a112220
https://doi.org/10.1093/ije/9.1.97
https://doi.org/10.1016/0140-6736(93)91291-S
https://doi.org/10.1016/S0895-4356(97)00105-4
https://doi.org/10.1007/s10654-010-9486-9
https://doi.org/10.1093/ije/dys142
https://doi.org/10.1080/08940630.1989.10466589
https://doi.org/10.1007/BF00051915
https://doi.org/10.1038/bjc.2011.250
https://doi.org/10.1093/oxfordjournals.aje.a009903
https://doi.org/10.1186/bcr83

