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Abstract
Study objective - To study differences be-
tween various methods of estimating can-

cer risk in individuals.
Design - Information was obtained from
a cancer registry. Lifetime risk was cal-
culated using the life table method, taking
competing causes of death into account
and using well recognised methods such
as the cumulative rate and risk.
Setting - Regional cancer registry of the
Comprehensive Cancer Centre IKL, loc-
ated in Maastricht, The Netherlands.
Patients - Patients with a first primary
malignancy in 1989-90 in the catchment
area of the cancer registry.
Main results - The lifetime risk of de-
veloping cancer was estimated to be 34-8%
for males and 30 4% for females. In males,
especially, the risk estimates were con-

siderably higher when the cumulative risk
was used.
Conclusions - The life table method is
convenient for estimating the probability
that a person will develop cancer during a

defined period or during his or her life-
time. The other estimates overestimate
the risk of the disease under investigation,
especially in the very elderly.
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When the first annual report of The Neth-
erlands Cancer Registry' was published in
1992, media attention was focussed on the
estimates ofthe risk ofdeveloping cancer. Many
newspapers stated that one in every three men
and one in every four women would have cancer

before the age of 75 years. These estimates
were based on calculations of the cumulative
risk.2 In essence, cumulative risk is a conditional
probability. Because it is conditional on survival
until a certain given age, it will overestimate
the risk of developing cancer at an advanced
age, when there is a greater risk of dying from
a competing cause. It is possible to adjust
for the effect of competing causes of death,
however, by using life expectancy tables. This
method was first described in the 1950s,3 4
but has received widespread attention only
recently.56
We applied the life table method and the

traditional cumulative risk method to the can-

cer incidence data from a regional cancer re-

gistry in The Netherlands to study the
differences in risk outcomes.

Methods
CUMULATIVE RISK AND CUMULATIVE RATE

VERSUS LIFE TABLE RISK
In the reports of cancer registries, first oc-

currences of cancer in a given geographical area

and in a defined period of time are usually
organised into gender and five year age groups.

The age groups are 0-4, 5-9, ..., 80-84, 85 +.
The total number of incident cancers in age

group x is denoted by c,, x= 1,2,...,18. Let n,
denote the number ofperson-years ofage group
x. The cumulative risk Ptn until the age of 85
years is defined as2:

17 c
Pn= 1 -exp (5 (1.1)

X-lI nx

The cumulative rate P,r until the age of 85 years

is defined as2:
17 c

PIra =5XY (1.2)

The cumulative rate approximates the cu-

mulative risk for low risk values less than ap-

proximately 10%. Both expressions are

conditional upon survival. Neither the cu-

mulative rate nor the cumulative risk take com-
peting causes of death in the population into
account. A more realistic estimate of the cancer

risk can be made if life expectancy tables are

available for the study population. In this case

a hypothetical cohort of 100 000 individuals is
defined at age 0. Subsequently, the number of
person years, denoted by yx, can be calculated
in each five year age group of the hypothetical
cohort. The total number of individuals who
will develop cancer in this hypothetical cohort,
C,,, in a particular life period is given by:

i cxct= E yxc (1.3)
x=1 nx

The lifetime risk of developing cancer is then
given by: C,j 100 000. The risk PI,(,-) of de-
veloping cancer from birth until the end of age
group i is:

P1i(0 i) (X lY n )/ (1.4)

In this study we refer to this method in the
expression of life table cancer risk. The risk of
developing cancer before the age of 80 years
for an individual who is alive and free from
cancer at age 40 years is:

= lby c ( 1 .5)Plt (40-80) x= 9(1.5)4

where 140 is the total number of cancer free
individuals at the age of 40 years. This number
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Life table cancer risk

Table 1 Summary of the life expectancy table for the IKL area in the period 1989-90
Males Females

Life Persons Person Life Persons Person
expectancy alive years expectancy alive years

At age (y) (y) (y)

0 72-77 100000 2468076 79-52 100000 2478653
25 49 04 98054 2416040 55-38 98842 2450766
50 25-43 94 081 2 007 626 31 37 96 360 2 231 849
75 7-38 52 156 385 163 10-68 74024 790826

Based on specific population and mortality data obtained from the Central Bureau of Statistics

of cancer free individuals at age x can be es-
timated if the number of cancer deaths in all
the age groups of the population under study
are available. For details, see Zdeb.7

CALCULATION OF VARIANCE OF THE CANCER
RISK
The variance in the total number of individuals
who develop cancer from birth until the end
of age category i is given by:

VAR [C,,(o-I)] = VAR LY CX]

= E YX2VAR [-]

Assuming cancer incidence has a Poisson dis-
tribution, the variance of c,,/n, is given by:

VAR I-=Ix
2-nX- nx

Therefore:

VAR [C,t(o-i)] = Y.
=-1 f2

(2.1)

(2.2)

Dividing the lower and upper limits of the
confidence interval for C1, (0-i) by the total num-
ber of individuals at birth (100 000), gives the
confidence interval for the risk P1,(0-0) of de-
veloping cancer from birth to the end of age
category i.
The variance in the cumulative rate based

on the Poisson distribution is given by2:

VAR [Pcra] = 52I x (2.5)

The 95% confidence interval for P,ra is given
by:

Pcra ± 1.96 (5 ;/ I
\x= I(nx)' (2.6)

and for Pm,i the 95% confidence interval is given
by:

i c I i
1-exp (-5 ( x + 1.96XE X)) (2.7)

fx=I ~ X=I(nx)

Interested readers can obtain a computer
(2.3) programme for SAS from the first author to

calculate the life table risk.

The 95% confidence interval for Ck,(oi) is given
by: INCIDENCE AND MORTALITY DATA

/t2 Incidence rates were obtained from the regional
C,(o-i) ±1.96 lx2 (2.4) cancer registry IKL (=Integraal Kan-

x lnx kercentrum Limburg (Comprehensive Cancer
Centre, Limburg)), located in Maastricht.89
All malignancies, including non-infiltrating
malignancies, were recorded, with the ex-

3000 ception of basal cell carcinoma of the skin and
non-infiltrating cervical cancer. Completeness

2500-_ of case ascertainment was studied by com-
parison with an independent registry by general
practitioners. 0 From this study the com-

c 2000 - --------------------------------------------- f------------ penssocaeregtainwsetmtdc00- pleteness of cancer registration was estimated
Male to be at least 96%.

Incidence rates in the years 1989 and 1990
8 / D" 5\ were used in this study. For total cancer in-

cidence, only the first recorded primary invasive
1000 - ------------------------------------- malignancy was considered in the case of mul-

/ ,,0'e tiple primary cancers. For the incidence ato , specific sites, only the first recorded invasivez 500 - ----------~----------------------,- ---------------------- ainnya pcfcst acrigt h500 ~~~~~~~~~~~~~~~~malignancyat a specific site (according to the
>-< 9th revision of the International Classification

0 - of Diseases (ICD-9)) was used for calculating
00- 05- 10- 15- 20- 25- 30- 35- 40- 45- 50- 55- 60- 65- 70- 75- 80- 85+ the incidence rates. For example, after a woman

Age (y) has developed cancer of the breast, the diag-
nosis of cancer in the contralateral breast wasFigure I Age specific cancer incidence rates according to gender Only first primary disregarded the remaied bleat de-

malignancies are included, whereas basal cell carcinomas of the skin are excluded (IKL disregarded, but she remained eligible to de-cancer registry, 1989-90) velop cancer at a different site.
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Table 2 Cumulative risk (%o), life table cancer risk (%o) and 95% confidence intervals (CI) for cancer all sites, lung cancer, prostate cancer, and breast
cancer (IKL, 1989-90)

Age (y)
Gender
ICD-9 (site) and method 0-40 0-50 0-60 0-70 0-75 0-80 0-85 Life tim71e
Males:
All sites* Cumulative risk 1.0 2-6 7-1 18 5 27 3 36-9 45.1

(95% CI) (0 8, 1 3) (2-2, 3-0) (6-4, 7 8) (17-4, 19 6) (25 9, 28 7) (35 2, 38 6) (43 0, 47-1)
Life table risk 1.0 2-6 6-8 17-1 24-0 30 1 33 3 34 8
(95% CI) (0 8, 1-3) (2-2, 3 0) (6 1, 7-5) (16-0, 18-2) (22 6, 25 5) (28 4, 31 7) (31 6, 35 0) (33 0, 36 6)

162 lung and bronchus Cumulative risk 0.0 0 3 1-6 5-8 9-4 13 5 16 1
(95% CI) (0-0, 0-0) (0 2, 0 5) (1-3, 1 9) (5-1, 6-5) (8-4, 10-4) (12 1, 14 8) (14 4, 17 7)
Lifetablerisk 00 03 1 5 49 73 92 99 10 1
(95% CI) (0 0, 0-0) (0-2, 0-5) (1-2, 1 8) (4 3, 5 5) (6 5, 8-1) (8 3, 10 1) (9 0, 10 9) (9 1, 11 0)

185 prostate Cumulative risk 0.0 0.0 0-3 2-0 4 1 7 0 10.4
(95% CI) (0 0, 0-0) (0-0, 0-1) (0 1, 0 4) (1-6, 2 4) (3-3, 4 8) (5 9, 8 0) (8 8, 12-0)
Life table risk 0.0 0 0 0.2 1-6 2-9 4-2 5-1 5 5
(95% CI) (0-0, 0-0) (0-0, 0 0) (0 1, 0-4) (1-2, 2 0) (2-4, 3 4) (3-6, 4 8) (4 4, 5-8) (4-8, 6-2)

Females:
All sites* Cumulative risk 1-4 4-1 8-4 15 1 19 6 24-8 30 4

(95% CI) (1 1, 1-7) (3-6, 4-6) (7-7, 9-2) (14-1, 16-1) (18 5, 20 7) (23-5, 26 1) (28-8, 31 9)
Life table risk 1-4 4 1 8 5 15-2 19 5 24-0 27-8 30 4
(95% CI) (1-1, 1-7) (3-6, 4-6) (7 7, 9-2) (14-1, 16 2) (18 3, 20 7) (22-6, 25 4) (26-3, 29-4) (28-8, 32-1)

162 lung and bronchus Cumulative risk 0.0 0-2 0 6 1.0 1 5 1 7 1.9
(95% CI) (0 0, 0 1) (0 1, 0 3) (0 3, 0-8) (0 7, 1-3) (1 1, 1 8) (1 3, 2-1) (1 4, 2 3)
Life table risk 0.0 0-2 0 5 0 9 1-3 1 5 1-5 1 6
(95% CI) (0-0, 0 1) (0 1, 0 3) (0 3, 0-7) (0 7, 1-2) (1 0, 1-6) (1 1, 1-8) (1 2, 1 9) (1 2, 2 0)

174 breast Cumulative risk 0 4 1-7 3-3 5-3 6 6 7-9 9-4
(95% CI) (0-2, 0 5) (1-3, 2 0) (2-8, 3-8) (4 7, 6-0) (5-9, 7 4) (7 1, 8 7) (8 4, 10 4)
Life table risk 0-4 1-6 3-2 5-1 6 2 7-1 7-9 8-4
(95% CI) (0-2, 0 5) (1 3, 2 0) (2 8, 3-7) (4 5, 5-7) (5 5, 6-9) (6-4, 7 9) (7 1, 8 8) (7 5, 9 2)

* Excluding basal cell carcinoma of the skin.

Population and mortality data (both in one
year age groups) and cancer mortality data (in
five year age groups) from 1989-90 for the
catchment area of the IKL cancer registry were
obtained from the Dutch Central Bureau of
Statistics. A life expectancy table was con-
structed using the population and mortality
data (summarised in table 1).

Results
For males, the life expectancy at birth in the
period 1989-90 in the area of the IKL cancer
registry was 72-8 years. The life expectancy for
females was 79 5 years. (see also table 1).
The annual age adjusted incidence rate per

Men
70 r

60

50

4

CU)
cE- 3

2

100 000 person years (according to the Euro-
pean Standard Population") was 392 6 for
males and 273 3 for females (first primary
malignancies only). In figure 1 age specific
incidence rates according to gender are pre-
sented.
Table 2 shows the cumulative cancer risk

and the life table cancer risk for all malignancies
and for a number of common cancer sites.
Using the cumulative risk, the risk of males
developing cancer up to the age of 85 years
was estimated to be 45 1%. The cumulative
risk of females was estimated to be 30 4%. The
life table cancer risk up to this age was estimated
to be 33 3% for males and 27 8% for females.
The cumulative risk estimate was much higher

Women

Cumulative rate
cc --o Cumulative risk
* t Life table risk
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50 A--------------------------------------IQ
- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -H-/- -- -- -

10 ----------------------- ---I '

-o - ------------------------
0~
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0-

In -

40 --------------------------
o
0-

-l

c: 30

20 ~

10

0
-40 -45 -50 -55 -60 -65 -70 -75 -80 -85 -90

Age (y)

----

4k ------ - - - -----

-40 -45 -50 -55 -60 -65 -70 -75 -80 -85 -90

Age (y)
Figure 2 Cumulative rate, cumulative risk, and life table risk of cancer in percentages from birth to a certain age for all
malignancies in males and fenmales (IKL cancer registry, 1989-90)
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Life table cancer risk
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Figure 3 Probability (%/6) of developing cancer in the remaining lifetime by age and
gender for persons alive and free from cancer (IKL cancer registry, 1989-90)
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Age (y)

Figure 4 Probability (%/6) of developing prostate cancer (males) and breast cancer
(females) in the remaining lifetime by age for persons alive and free from these types of
cancer (IKL cancer registry, 1989-90)

than the estimate derived from the life table
risk. In addition, the risk estimates of two
common cancers in males were higher using
the cumulative risk. In females, the differences
between the cumulative risk and the life table
method were smaller.
The lifetime risk of developing cancer (the

probability that an individual will develop can-
cer during his or her lifetime according to the
life table method) was estimated to be 34-8%
for males and 30 4% for females. These per-
centages represent the average risk at birth that
a member of the cohort will develop cancer
during his or her lifetime.
The cumulative rate, cumulative risk, and

life table risk of developing cancer for males
and females are shown in figure 2. In males,
the cumulative risk deviates increasingly from
the life table cancer risk from the age of 65
years onwards. In females, the various risk

estimates do not differ significantly until the
age of 85 years.

In figure 3, the probability of eventually de-
veloping cancer from a given age onwards (for
people free of cancer at the beginning of the
given interval) is shown for males and females.
In males, after a slight increase, the probability
remains stable until the age of 50 years. Beyond
this age the probability of developing cancer
declines rapidly. In females, the probability is
constant until the age of 40 years. Thereafter
the decline in probability is less rapid than for
males.

Figure 4 shows the probability of developing
prostatic cancer in males and breast cancer in
females. The difference is striking. The prob-
ability of developing prostatic cancer rises from
5-5% at birth to 6-1% at the age of 60 years,
but declines sharply thereafter. In contrast, the
risk ofdeveloping breast cancer starts to decline
from the age of 30 years onwards. The risk of
developing breast cancer from birth is es-
timated to be 8-4%.

Discussion
More realistic cancer risk estimates were ob-
tained using the life table method. There were
large discrepancies with the other available
methods - that is, cumulative rate and cu-
mulative risk for the elderly - especially in
males. The life table method produced a lower
estimate because it is not conditional upon
survival to an advanced age.
There was less difference between the various

estimates for women because at all ages the
mortality rates for women are lower than those
for men. As a consequence, the male:female
ratio based on the life table cancer risk is higher
than the ratios based on the other measures
commonly used in descriptive epidemiology,
for example, the age adjusted incidence rates
or the cumulative risk. For example, the male:
female ratio for the age adjusted incidence rate
according to the European Standard Popu-
lation is 1-43, while the ratio for the life table
cancer risk is estimated to be 1 a 14.
When calculating the individual risk, we con-

sidered only the first primary invasive ma-
lignancy to be eligible. In 1989 and 1990
together, 7% of all the invasive malignancies
recorded by the IKL cancer registry were sec-
ond or subsequent cancers. When these second
primary malignancies were included in the es-
timates, the lifetime risk increased from 34-8%
to 38-0% for males and from 30 4% to 32-7%
for females.

All life table risk estimates are based on
incidence rates. Theoretically, incidence rates
are calculated as the ratio between the number
of new cancer cases and the number of person-
years free from cancer. However, a population
derived from a population register will include
prevalent cancer cases. Therefore, the true in-
cidence of cancer will be underestimated.
This phenomenon affects the cumulative rate

and risk. Thus, although these methods over-
estimate the risk (because they are conditional
on survival), the estimates would be even higher
if they were based on prevalence adjusted in-
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cidence rates. Feuer et al recently suggested a
method for correcting these prevalent cases
when calculating the life table cancer risk.6
They calculated the number of expected cancer
cases in the cohort as being the product of the
age specific incidence rates and the number of
persons in the cohort alive and free from cancer.
The correction for prevalent cancer cases was
performed by multiplication by the ratio R of
the number alive at age x and the number alive
and free from a given type of cancer at age x.
A reanalysis of our data using this correction
for prevalent cases did not, however, change
our results significantly. This can be explained
by an inherent correction for prevalent cases
with the life table method. The number of
expected cancer cases is calculated as the prod-
uct of the (underestimated) incidence rates and
the number of person years. In these person
years, the prevalent cancer cases are also in-
cluded.

It is possible to calculate the lifetime risk of
developing cancer using the life table method
because the number of person years and the
cancer incidence rates in the very elderly are
known. The lifetime risk represents the average
risk at birth that a member of the cohort will
develop cancer during his or her lifetime.

It seems remarkable that the risk of de-
veloping cancer during an individual's re-
maining lifetime rises until a certain age (see
figs 3 and 4). This can be explained by the fact
that the number of cancer cases (the nu-
merator) decreases only slowly with increasing
age early in life (most of the cancer cases occur
at advanced ages), while the number of people
alive and free from cancer (the denominator)
decreases rapidly with increasing age. This phe-
nomenon is especially notable for prostatic can-
cer, where the risk of developing cancer during
the remaining lifetime rises until the age of 60
years.
Although the life table method has clear

advantages over the cumulative risk method, it
cannot replace the other two epidemiological
measures.5 Firstly, life expectancy tables are
not available for all populations. Secondly, age
adjusted incidence rates, the cumulative risk
and the cumulative rate, are better suited for
comparing the cancer incidence rates of differ-
ent populations in different time intervals and at
different locations. The fact that these measures
are not adjusted for life expectancy means that
they are more suitable for making direct com-
parisons ofcancer occurrence between different
populations. For example, an increasing life
expectancy (fewer deaths from competing
causes) with stable age specific incidence rates
will result in a higher estimate of the lifetime
riEk calculated with the life table, but will not
influence the other risk estimates.5

In conclusion, the life table method is a
convenient method for estimating the prob-
ability that a person will develop cancer during

a defined period or during his or her lifetime.
The life table method is based on the as-
sumption that the current death and cancer
incidence rates will be maintained in the future,
thus it shares this basic assumption with the
other risk estimates. Because the life table
methods includes life expectancy, it is a good
method of estimating the 'cancer burden' in a
population. Other risk estimates overestimate
the risk of developing any given disease, es-
pecially at advanced ages. The life table method
cannot replace age standardised incidence
rates.

We are grateful to the Central Bureau of Statistics and the
Comprehensive Cancer Centre IKL. (Integraal Kankercentrum
Limburg) for providing the data. The Comprehensive Cancer
Centres IKL and IKO (Integraal Kankercentrum Oost) are
acknowledged for providing financial support. We thank J Abma-
Hill for linguistic comments.

Addendum
List of notations:
C, = number of incident cancer cases in age group x,

obtained from the cancer registry.
C,, = number of persons who develop cancer in the

hypothetical cohort in a defined life period.
',=life table population at age x alive and free from

cancer.
ii, = number of inhabitants in the area of cancer registry

in age group x, obtained from the Bureau of Stat-
istics.
= cumulative rate.

P,, = cumulative risk.
P,,=life table risk of developing cancer in a defined

period.
y, total person years in the hypothetical cohort in age

group x.
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