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Elementary Statistics for 

Cancer Registries



Measures of Disease 

Frequency



Rates, Ratios, Proportions

 Three general classes of mathematical parameters.

 Often used to relate the number of cases of a disease 

or health outcome to the size of the source population 

in which they occurred.



Ratio

 Obtained by dividing one quantity by another.  These 
quantities may be related or may be totally independent.

 Usually expressed as:    

Example:  Number of stillbirths per thousand live births.

 General term that includes Rates and Proportions.
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Proportion

 A ratio in which the numerator is included in the 
denominator.

 Expressed as: where, 10n is often 100.

Example:  The number of fetal deaths out of the total number 
of births.

 Answer often read as a percent.
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Rate

 A measure of how quickly something of interest 
happens.  

 Expressed as:

Example:  The number of new cases of Parkinson’s 
disease which develops per 1,000 person-years of 
follow-up.

 Time, place and population must be specified for 
each type of rate.
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Measures of Disease

Frequency

 Incidence (I):  Measures new cases of a disease 

that develop over a period of time.

 Prevalence (P):  Measures existing cases of a 

disease at a particular point in time or over a 

period of time.



Prevalence vs. Incidence

 Prevalence can be viewed as describing a pool of 
disease in a population.

 Incidence describes the input flow of new cases into 
the pool.

 Fatality and recovery reflects the output flow from 
the pool.



Cumulative Incidence

I = # of new cases during follow-up

N = # of disease-free subjects at start of follow-up

Measures the frequency of addition of new cases of  
disease and is always calculated for a given period 
of time.
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Example



Cumulative Incidence

 Most common way to estimate risk.

 Always a proportion

 Assumes a fixed cohort

 For brief specified periods of time, e.g. an 
outbreak, commonly called an Attack “Rate”

- Formula does not reflect continually changing 
population size for dynamic cohorts.

- Does not allow subjects to be followed for 
different time periods.









Rate
 Describes how rapidly health events are 

occurring in a population of interest.

 In Epidemiologic studies, we typically measure 
the average rate at which a disease is occurring 
over a period of time.

 Example:

50 new cases per 10,000 person-years

Interpretation:

An average of 50 cases occurs for every 10,000 
years of disease free follow-up time observed on 
a cohort of subjects.



Rate

Which of these describes a rate?

1) 5 new cases per 100 person days

2) 60 deaths out of 200 lung cancer patients

3) 10 new cases out of 100 disease-free persons

4) 60 new murders per year



Incidence Rate

I = # of new cases during follow-up

PT = total time that disease–free individuals in the cohort are 
observed over the study period.

Synonyms:  hazard rate, incidence density rate.

Measures the rapidity with which new cases are occurring in 
a population
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Example

Hypothetical cohort of 12 initially disease-free

subjects followed over a 5-year period from 1990 to 1995.



Example, cont.
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Prevalence

 Measures existing cases of a health condition

 Primary feature of a cross-sectional study

 Two types of Prevalence

• Point prevalence

• Period prevalence



Point Prevalence

C = # of observed cases at time t

N = Population size at time t

Measures the frequency of disease at a given point in 
time
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Point Prevalence

Example

Suppose there are 150 individuals in a population 

and, on a certain day, 15 are ill with the flu.  What 

is the estimated prevalence for this population?
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Prevalence

Useful for:

• Assessing the health status of a population.

• Planning health services.

Not Useful for:

• Identifying risk factors



Period Prevalence

 C = the # of prevalent cases at the beginning of the 
time period. 

 I = the # of incident cases that develop during the 
period.

 N = size of the population for this same time 
period.
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Example

Suppose we followed a population of 150 persons for one year, 
and 25 had a disease of interest at the start of follow-up and 
another 15 new cases developed during the year.

1) What is the period prevalence for the year?

PP = (25 + 15) / 150 = 0.27 or 27%

2)  What is the point prevalence at the start of the period?

P = 25/150 = 0.17 = 17%

3)  What is the cumulative incidence for the one year period?

CI = 15/125 = 0.12 = 12%



Mortality Rate

Disease-Specific Mortality Rate

All-causes Mortality Rate



Standardization

27



 Rates can be divided into 3 broad categories:

crude, specific, and standardized.

A crude rate is a rate that applies to the entire 

population

A specific rate applies to a specific subgroup 

within the population.  This type of rate is used 

when the population has been subdivided to obtain 

more homogeneous subgroups.

A standardized or adjusted rate is a summary 

measure that uses the specific rates that have been 

found in an attempt to remove the effect of some 

characteristic of the population. 



Crude Rates

 The crude rate is the simplest to calculate with rate 

being defined as,

N

c

ratecrude i

i


Where the numerator is the number of cases and 

N is the size of the population.



 Crude Rates:

The crude rate is the simplest rate to calculate.  

It can be misleading if the 

cancer/disease/mortality doesn’t occur uniformly 

across the population.

Crude Rates



Crude

Death Rate

Life Expectancy

at BirthCountry (Year)

Colombia (1985-1989) 7.4 per 1000 63.4 years

USA (1988) 8.8 per 1000 71.3 years

Sweden (1989) 10.8 per 1000 74.2 years

Crude Death Rate and Life Expectancy for 

Three Countries



Crude Rates

 This occurs because the crude rate doesn’t account 

for the age of the population.

 The populations of the U.S. and Sweden are older 

than Columbia’s which leads to a longer life 

expectancy and a higher crude death rate.

 While it can be misleading the crude rate is still a 

measure of the overall magnitude of 

cancer/disease or mortality.



Specific Rates

 A specific rate is a crude rate that is found for a 

given subpopulation.  It is used to subdivide a 

heterogeneous population into more homogeneous 

subpopulations.

 The most common specific rate is an age-specific 

rate. 



Specific Rates

 Within cancer research there are two very 
common groupings of the age distribution of the 
populations.

 The two most common age groupings are:

 a series of 19 age groups 

18 age groups which collapses two of 19 age 
groups into one resulting in 18 age groups.



Specific Rates

 The 19 age groups are commonly defined as:

0, 1-4, 5-9, 10-14, …, 80-84, and 85+

The 18 age groups are commonly defined as:

0-4, 5-9, 10-14, …, 80-84, and 85+



Specific Rates

 To calculate age-specific rates you must have 

estimates of both the cases and the population in 

the groupings that you wish to use.  

 Race and sex are other variables that commonly 

used in finding specific rates.



Specific rates-Table 1. Age-specific cancer

rates for a given population
age group cases population rates rate per 100000

0 12 37494 0.000320 32

1 - 4 37 150003 0.000247 25

5 - 9 26 200933 0.000129 13

10-14 27 209917 0.000129 13

15-19 45 225135 0.000200 20

20-24 84 207015 0.000406 41

25-29 100 176608 0.000566 57

30-34 148 185618 0.000797 80

35-39 319 216583 0.001473 147

40-44 478 227970 0.002097 210

45-49 732 213985 0.003421 342

50-54 984 182720 0.005385 539

55-59 1163 139620 0.008330 833

60-64 1601 118757 0.013481 1348

65-69 2012 106983 0.018807 1881

70-74 2308 104051 0.022181 2218

75-79 2186 91489 0.023894 2389

80-84 1689 67753 0.024929 2493

85+ 1558 65801 0.023677 2368



Specific Rate

 It can be cumbersome to compare 18 or 19 age-

specific rates across two populations.

 This leads into standardized rates.



What is standardization?

A procedure that adjusts for differences

in population structure and provides a single summary 

measure for the comparison of populations.

Typically used to adjust for age and sex

Direct: Rates in study population are applied to a 

standard population distribution (World). 

Indirect: Uses rates from a standard population 

(World) to derive expected number of events in a 

study population . 



Why standardize?

Examining crude rates alone can be misleading if 

underlying populations are different (age-specific 

rates are better)

But

Cumbersome to compare age-specific rates especially 

when doing large number of comparisons 



Directly Standardized Rate

 They are only “what if” the standard population 

had rates that are consistent with a population of 

interest. But, they do allow researchers to compare 

two populations of interest on a common basis. 

The standardized rates are only comparable if they 

have been standardized to the same population.

 Directly standardized rates can be compared with 

each other only if they have been calculated using 

the same standard population.



Standardization-Direct

Source: Gordis L. Epidemiology. WB Saunders Company, USA, 1996.



Standardization-Direct (2)

Source: Gordis L. Epidemiology. WB Saunders Company, USA, 1996.



Standardization-Direct (3)

Source: Gordis L. Epidemiology. WB Saunders Company, USA, 1996.



Example- stomach cancer Denmark males 

1988-92

Di=# new stomach cancer cases 

(1988, 1992) in ith agegroup, 

y_i is hundreds of thousands of 

person-years-at-risk in (# males in the 

different age groups times 5)

w_i is the number of persons in the 

different age groups per 100,000 

standard world population.  

Age standardized incidence 

rate/100,000 world population for 

stomach cancers among Danish 

males which is 9.03

Age    di yi                 wi      wi *di/yi

0 0 749800 12000 0.00

5 0 695500 10000 0.00

10 0 808900 9000 0.00

15 1 931100 9000 0.01  

20 2 1017500    8000 0.02  

25 6 1032700    8000 0.05  

30 4 955800 6000 0.02  

35 16 946500 6000 0.10  

40 34 1025500    6000 0.20  

45 76 926900 6000 0.49  

50 97 718900 5000 0.68  

55 150 626800 4000 0.96  

60 187 590800 4000 1.27  

65 302 553100 3000 1.64  

70 315 449900 2000 1.40  

75 309 337200 1000 0.92  

80 247 196200 500 0.63  

85 152 115700 500 0.66



Indirectly Standardized Rate

 This rate is commonly used in situations where the 
number of cases in each age group or the 
population sizes are too small to calculate stable 
age rates.

 It is used in situations in which there is no 
information on the number of cancers by age 
group in the study population, but population data 
is available for the study population and age-
specific rates are available for the standard 
population.



Indirectly Standardized Rate

 There is some disagreement within the 

epidemiology community about the validity of the 

indirectly standardized rate, but if the age 

distribution of the population isn’t extremely 

unusual then this is likely to be a reasonable 

method of comparing populations. 



Standardization-Indirect

 Standardized Mortality Rate (SMR) =

Observed # deaths / Expected # deaths

Source: Gordis L. Epidemiology. WB Saunders Company, USA, 1996.



Choice of standard population
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Different standard populations



Ontario cancer mortality rates calculated using 

different standard populations

0

10

20

30

40

50

60

Lung 30.8 50.3 45.1 30.9 46.7

Female breast 9.8 16.1 13.9 9.8 14.6

Colon 9.2 17.2 14.7 9.5 14.8

Pancreas 5.3 9.6 8.3 5.3 8.3

Prostate 5.3 12.4 10.0 5.6 9.5

1940 US 2000 US 1991 Canada World European



Choice of standard population: 

considerations

 When several different populations are being compared, a 
‘pooled’ standard minimizes the variance of the adjusted 
rates

 In examining trends, use a standard that reflects the 
average structure of the population over the time period

 The standard should be similar to the population of 
interest

 It should not change frequently (all historic data would 
need to be recomputed)

 It should be used consistently to ensure comparability



Summary

 It is generally preferable to use directly 

standardized rates as long as there are 

sufficient cases and population to 

produce stable rates.

 Directly standardized rates can be 

compared directly to each other as long 

as they are all adjusted to the same 

population.



Summary

 An indirectly standardized rate for a study 

population can only be compared to the rate of the 

standard population.  An indirectly standardized 

rate still has the age effect contained within the 

rate. Remember that you only used the age 

distribution and not the age-specific rates to 

calculate this rate. 



Questions?


