Web-Assisted Estimation of Relative Survival (WAERS)
tool methodology
1. Observed Survival (OS)
This tool uses the Kaplan-Meier method [1,2] to calculate the observed survival.
Kaplan-Meier method (KM):
Let us define:
-

ti is the i-th death time observed, 1 ≤ i ≤ I

-

di is the number of deaths observed in time ti

-

ri is the number of censored observations on the interval [ti, ti + 1)

-

ni = ni-1 – di-1 – ri-1 is the number of individuals at risk just before deaths have occurred in time
ti. To obtain ni, the deaths that occur in time ti-1 are extracted from ni-1 and also all other cases
for which they have finished the follow-up time in the interval [ti-1, ti).

Then, the conditional probability of being alive in the interval (ti,ti+1] given that the subject is at risk at
time ti is: si = 1 − (di ⁄ni )
And, therefore, the probability of surviving after time t is:
i

OSi = ∏ sj
j=1

This probability remains constant throughout the period ti+1.

2. Expected Survival (ES)
The Expected Survival (ES)[3] is the survival that we expect to have in a cohort according to the
population mortality from which the individuals come from and regardless of cause of death.
We define λij as the overall mortality rate for the individuals in the i-th age group and j-th year in the
residence area from the cohort individuals (see section 4). Then, µij is the population survival rate in
the j-th year for the individuals from the i-th age group, and it is estimated as:
µ̂ij = e−λij

(1)

Once the survival rates are determined, these are applied at the cohort. From the above formula, ES are
calculated by Hakulien method[4].
Hakulinen Method:
Hakulinen Method, also called long-term[3,5], estimates ES by using a similar estimator to KM but
considering censorships. The main concept is that the number of individuals at risk for each interval is
calculated taking into account the expected number of dropouts during that time.
Let us define:
-

ri ∶ the number of individuals at risk in time ti

-

ri∗ : the estimator of the number of individuals at risk. It is calculated as the sum of population
survival rates (formula 1) from each risk individuals (ri).

Finally, the ES estimator by Hakulinen method is calculated as:
d∗j
ES(t i ) = ∏ (1 −
)
1
(rj∗ − 2 wj )
∀j|tj ≤ti
Where:
-

𝑑𝑖∗ is the expected number of deaths: 𝑑𝑖∗ = ri − ri∗

-

wi is the time interval (range)

-

The expected number of dropouts in the interval wi is calculated applying a correction to
the sum of population survival rates (1) from the risk individuals in this interval whose
follow up doesn’t exceed this interval.

3. Relative Survival (RS)
The relative survival (RS)[1,3] is interpreted as the proportion of individuals that has survived under
the hypothesis that the illness of study was the unique and possible cause of death. For the calculation
of RS it is necessary the calculation of OS and ES and it is calculated as:
RS =

OS
ES

Considering that RS is a ratio, we could obtain higher values than 1, meaning the study individuals’
survival is higher than the reference general population.

Confidence interval for RS(ti):
First, the variance of OS(ti) is calculated, then, considering its lower and upper limit and ES(ti) as a
constant, RS(ti) is calculated .
Applying the Greenwood formula[6,7], the OS(ti) variance is approximated as:
𝑖

Var[OS(t i )] ≈ [OS(t i )]2 ∑ (
𝑗=1

𝑑𝑗
𝑛𝑗 (𝑛𝑗 − 𝑑𝑗 )

)

Where j indicates all the previous events in the time (or intervals) until the “i” moment, d is the
number of deaths in each moment and n is the number of individuals at risk in each moment. So, the
standard error is:

𝑖

EE[OS(t i )] ≈ OS(t i )√∑ (
𝑗=1

𝑑𝑗
𝑛𝑗 (𝑛𝑗 − 𝑑𝑗 )

)

Thus, the 95% confidence interval for the OS in the ti time is:
LL(OS(t i )) = OS(t i ) − 1.96 x EE[OS(t i )]

UL(OS(t i )) = OS(t i ) + 1.96 x EE[OS(t i )]

;

And considering ES(ti) as a constant, the RS(ti) 95% confidence interval is obtained as:

LL(RS(t i )) =

LL(OS(t i ))
ES(t i )

;

UL(RS(t i )) =

UL(OS(t i ))
ES(t i )

4. Information sources to calculate mortality rates
To calculate the ES specific rates by age group and year are needed from the area you want to
evaluate. This tool provides specific mortality rates for some countries since 1994 (Table 1) in 18 age
groups (0-4, 5-9, …, 80-84, +85).
The

international

WAERS

data

is

updated

from World

Health

Organization

(WHO)

(http://www.who.int/healthinfo/statistics/mortality_rawdata/en/) and from United Nations (UN)[8]
(https://esa.un.org/unpd/wpp/).
WHO provides mortality and population data, but for each country this data could be structured in
different age groups and years. In addition, for one particular year, we can find registered mortality
data but not population data or vice versa. Therefore, the data must be first structured and completed
and then the mortality rates can be calculated and included in WAERS tool.
To solve the problem of having different age groups between mortality and population, among
different years or among different countries, data is transformed in 18 age groups (0-4, 5-9, ..., 80-84,
+85).
The process of data completion is not the same for deaths and population. For mortality data, a
generalized linear model is fit, adjusted for each country, gender and age group and considering a
Poisson distribution [63] for deaths. With this model the mortality data is estimated for empty years.
As a WHO recommendation, the UN population estimations are used to complete empty years from
WHO population.
Likewise, mortality and population gaps are filled for each country since 1994 (at least) until
maximum data available in each country.
The available mortality and population periods depend on each country. Table 1 shows available data
and countries included in WAERS.
The information is processed using R free software to obtain a file structure to be processed by the
WAERS tool. The user only has to select the area of which wants to calculate the relative survival.
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Table 1. Countries which mortality rates are included in WAERS and its availability per year

Argentina
Australia
Austria
Belgium
Bulgaria
Canada
Croatia
Cuba
Czech R.
Denmark
Estonia
Finland
France
Germany
Greece
Hungary
Iceland
Ireland
Italy
Japan
Latvia
Lithuania
Luxembourg
Malta
Netherlands
New Zealand
Norway
Poland
Portugal
Rep. Moldova
Romania
Slovakia
Slovenia
Spain
Sweden
Macedonia
UK
USA

Czech R.: Czech Republic; Rep. Moldova: Republic of Moldova; UK: United Kindom; USA: United
States of America
WHO population

WHO mortality

UN estimated population

Own estimated mortality
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