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Agenda

1. Overview of survival

2. Relative Survival Rates

 Period Survival

 Conditional Survival

3. Demos of relative survival and the 
period method

4. Cause-specific Survival

5. Crude survival (Crude 
probabilities of death)

6. Demo of cause-specific survival
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What Makes a Survival Analysis Different

SURVIVAL INCIDENCE/MORTALITY

It is the study of: Time between 2 events (e.g. 
diagnosis and death)

Occurrence of one event 

Universe/ 
denominator

Cohort of cancer patients The whole population

It is usually 
reported as

Proportion or percent of patients 
surviving/dying at a given time

Rates per 100,000 
population

Censoring Event cannot be observed for 
some patients (e.g. lost to follow-
up, occurrence of a competing 
event, end of study)

-
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 Patient 1:  I have just been diagnosed with ovarian cancer.  What are my chances of surviving 
this cancer?

 Patient 2:  I have cardiovascular disease and have been diagnosed with localized breast 
cancer, what are my chances of dying of breast cancer in the next 5 years? 

 Science Writer:  How has survival of prostate cancer changed over time?  How do you expect 
it to change in the future? 

 Congressperson:  What is the most recent estimate of 5-year survival for breast cancer?  How 
does it differ by race/ethnicity? 

 Cancer Survivor:   I have survived five years after diagnosis with colorectal cancer.  What is 
the possibility that I am cured? What are my chances of not dying of cancer in the next 5 
years?

 Researcher:  Do cancer patients have higher risks of death for other causes (in the absence 
of cancer death) compared to the general population?

Survival is not a one size fits all statistic
Different statistics to answer different questions
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 32,216 colorectal cancer patients diagnosed in 2010-2015 at ages 
75-84 years.  At the end of the first year at diagnosis

 6,538 die of cancer  event of interest

 2,072 die of other causes  competing event

 599 are lost to follow-up  censored 

 Depending on how we deal with competing events we can estimate:

 Net cancer survival (eliminate risks of competing events)

 Crude survival (include risks of competing events)

Competing events and censoring
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 Observed Survival

 Probability of surviving (any 
causes of death)

 Net Survival

 Probability of surviving cancer in 
the absence of other causes of 
death 

 Crude Probability of Death

 Probability of dying of cancer 
and other causes and surviving

SEER*Stat Survival Measures-Statistic TAB
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Probability of surviving cancer in the absence of other 
causes of death

Net Survival
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 Total mortality (among cancer patients)

 All cause survival or observed survival (event is death)

 Interest has been typically in survival associated with a diagnosis of cancer 
(not affected by the chances of dying of other causes) Net survival

 Relative survival: standard cancer registry method that does not use cause 
of death information

 Cancer-specific survival: uses cause of death information

 It is important to note that net survival is interpreted in a hypothetical world 
where competing risks are assumed to be eliminated

How might we measure the prognosis of cancer 
patients?
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 Patients are enrolled at the registry after being diagnosed with 
cancer and followed-up

 Unlike a clinical trial (detailed review of the medical record to 
ascertain the cause of death), registries depend on death certificates 
to obtain cause of death information

 Cause of death information obtained from the death certificates may 
not be reliable (misclassification errors) or may not be available for 
some of the registries  Relative survival

Cause of death information
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 Standard method of estimating net cancer survival from cancer registry data
 Does not use cause of death information (cause of death is usually not available or 

unreliable)
 Relative survival is the ratio of observed survival in the patient group divided by the 

expected survival of a comparable group from the general population.

 Measure of excess mortality experienced by cancer patients

Relative survival (Net survival)
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 Usually from nationwide (or statewide) population life tables stratified by age, 
sex, calendar time, and race.

 Life tables are matched by age, sex, calendar year, and race (and geography 
if applicable) to each cancer patient in the cohort

 In SEER*Stat there are 2 sets of life tables

 US life tables from 1970+, race (white, black and other)

 US by geography and socioeconomic status at the county of residency (5 
race/ethnicity groups)

 https://seer.cancer.gov/expsurvival/

How do we estimate expected survival from 
comparable group?

https://seer.cancer.gov/expsurvival/
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 Expected survival is calculated by matching each patient in the 
cancer cohort general population life tables by age, sex, period and 
other covariates (if appropriate). 

 Two most used methods

 Ederer II (default)

 Net (Pohar-Perme)

Method to estimate expected survival
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 Ederer II: the matched individuals are considered to be at risk until the 
corresponding cancer patient dies or is censored. (Default)

 The Pohar-Perme approach estimates net survival directly, without explicitly 
estimating expected survival (Pohar-Perme et al, 2012, Biometrics)

 We used the method developed for life table calculations (Coviello, Dickman et al. 
2015, Stata)

 Deaths are weighted with the inverse of the expected probability of surviving. Older 
people carry higher weight.

 Comparison of Ederer II and Pohar-Perme

 Lambert PC, Dickman PW, Rutherford MJ. Comparison of approaches to estimating age-standardized net 
survival. BMC Med Res Methodol 2015;15:64.

 Seppa K, Hakulinen T, Laara E, Pitkaniemi J. Comparing net survival estimators of cancer patients. Stat Med 
2016;35:1866-1879.

Method to estimate expected survival (cont.)
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Choice of expected survival method-statistic tab
 Ederer II: Default

 Net/Pohar-Perme

 Most commonly used in international 
studies

 Internal age-standardization (larger 
confidence interval)

Both Ederer I and Hakulinen are no longer used
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Parameter TAB –Survival Time (length) Calculation

• For the SEER Research files only the 
Pre-Calculated Duration option is 
available:

• Pre-calculated survival is calculated at each 
registry using complete dates and 
submitted to SEER/NCI. Day components 
of dates are NOT sent to SEER.

• Calculate from Dates option can be available 
for users’ databases (using SEER*Prep) , if 
appropriate.
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• Standard Life-Show standard life 
table (actuarial) output for the 
interval calculation (default is in 
single month)

• User can change to any interval, 
e.g. 6 months, 12 months etc…

• Case Listing: Provides case listing 
for the selected cohort. Includes 
selected variables from the Table 
Tab and survival variables

Parameter TAB- Outputs Definition- Standard life 
and Case Listing
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 Fields used to match to expected rate table (e.g. race, sex, year)

 Vital status recode (study cut-off used) 

 End Calc Vital Status (Adjusted): calculated at the end of the duration, e.g. 5 years.

 Number of Intervals (Calculated)

 Cumulative Expected (Calculated)

 Final Interval Expected (12 month)

 Final Interval Year (Calculated)

 In Cause-Specific Survival, additional fields related to defining the events is included 
in the output

Survival variables automatically added to Case 
Listing . For example
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Cumulative Summary- Show 
results for the intervals 
defined below

Output in the Survival session
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1-year observed survival and relative survival 
(life page)

Relative Survival =
63.5%
97.3%

= 65.3%

Observed survival

Expected survival
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5-year Observed, expected and relative survival 
(summary page)



SEER*Stat 
Graphs

Figure shows Cumulative Observed (blue), Expected (orange) and 
relative survival (red)
User can customize Y-axis
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Graph of Survival – Bar Graph
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Other SEER*Stat 
survival methods

1. Cohort, period and complete

2. Age-standardization in SEER*Stat

3. Conditional survival
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 Cohort - Includes calendar years for 
which all cases have potential follow-
up for the survival duration. For 
example, the cohort method can only 
include patients diagnosed in 2008.

 Complete Analysis - Includes all 
patients diagnosed in the most recent 
years spanning the maximum duration 
to be estimated. 

 Period - Uses only the most recent 
interval survival estimate of cases 
diagnosed in different calendar years 
(cross-sectional estimate of survival). 

https://surveillance.cancer.gov/survival/cohort.html

Observed survival by year of follow-up (1 to 5) and year of 
diagnosis (2008 to 2012). 
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For stability purposes, SEER uses additional years of 
diagnosis for reporting Complete and Period methods
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 Survival generally depends on age at diagnosis, and the age 
distribution of cancer patients may vary over time or differ among 
geographical areas

 Age-standardized survival is used to compare survival in different 
cancer populations with different age distributions

 Available for “net” survival measures (relative and cause-specific)

 Large literature on age-standardization. 

 In SEER*Stat direct external age-standardization is implemented

Why to age-standardize?
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 Survival is calculated for each age group

 Age-standardized survival is the weighted sum of age-specific 
survival

 The standards provided are the International Cancer Survival 
Standard (ICSS) derived in Corazziari et al. (2004) for the adult 
population (ages 15+)

 Users can also define their own standards through SEER*prep

Direct (or External) Age-standardization

age age
age

AgeStd Surv w Surv=∑
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https://seer.cancer.gov/stdpopulations/survival.html
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 Useful in comparisons: international, by registry or by calendar 
period

 Not so useful for representing survival for the specific populations

 In some instances, it is better to show survival for different age groups

 Age-standardized survival (direct method) cannot be calculated if 
survival is not available for some specific age group

Notes About Age-Standardized Survival
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Period survival

Age-standardized. Select 
standard for the specific 
cancer sites

Selection of life-tables

Statistic TAB
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 Conditional survival is the probability of surviving x more 
years/months given alive after y years/months from diagnosis. 

 For example, the probability of surviving 10 years from diagnosis 
given alive 5 years from diagnosis is calculated as the ratio

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑃𝑃𝑜𝑜 𝑠𝑠𝑠𝑠𝑃𝑃𝑠𝑠𝑃𝑃𝑠𝑠𝑃𝑃𝑠𝑠𝑠𝑠 10 𝑃𝑃𝑦𝑦𝑃𝑃𝑃𝑃𝑠𝑠 𝑜𝑜𝑃𝑃𝑃𝑃𝑓𝑓 𝑑𝑑𝑃𝑃𝑃𝑃𝑠𝑠𝑠𝑠𝑃𝑃𝑠𝑠𝑃𝑃𝑠𝑠
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑃𝑃𝑜𝑜 𝑠𝑠𝑠𝑠𝑃𝑃𝑠𝑠𝑃𝑃𝑠𝑠𝑃𝑃𝑠𝑠 5 𝑃𝑃𝑦𝑦𝑃𝑃𝑃𝑃𝑠𝑠 𝑜𝑜𝑃𝑃𝑃𝑃𝑓𝑓 𝑑𝑑𝑃𝑃𝑃𝑃𝑠𝑠𝑠𝑠𝑃𝑃𝑠𝑠𝑃𝑃𝑠𝑠

Conditional survival

January 6, 2022
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e.g., 13-48,25-60  (this is based on 
monthly survival intervals)

13-48:  Given that you have survived 
1 year (entering 13th interval), what 
is the probability that you will survive 
3 additional years

25-60:  Given you have survived 2 
years, what is the probability that you 
will survive an additional 3 years

Parameter TAB -Intervals

13-48, 25-60

A screen shot of the parameter tab in 
SEER*Stat. The conditional survival is 
entered as 13-48, 25-60.
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• Because relative survival is a 
ratio it can be over 100%. 

• This happens when the overall 
mortality of the cancer patients 
is lower than the general 
population (e.g., localized 
breast cancer, healthy 
screening factor)

• By default, SEER*Stat adjusts 
these estimates to not be over 
100% or increase from prior 
cumulative interval

• Users can uncheck the boxes

• Option to export files that can 
be read by other programs 
(e.g. CANSURV and JPSurv
software)

OUTPUT TAB OPTIONS
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Demo 1 and 2
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