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Overview of survival
Relative Survival Rates
= Period Survival

=  Conditional Survival

Demos of relative survival and the
period method

Cause-specific Survival

Crude survival (Crude
probabilities of death)

Demo of cause-specific survival



What Makes a Survival Analysis Different

- SURVIVAL INCIDENCE/MORTALITY

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

Universe/ Cohort of cancer patients The whole population
denominator

It is usually Proportion or percent of patients Rates per 100,000
reported as surviving/dying at a given time 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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Survival is not a one size fits all statistic
Different statistics to answer different questions

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

= Patient 2: | 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: | have survived five years after diagnosis with colorectal cancer. What is
the possibility that | 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?
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Competing events and censoring

= 32,216 colorectal cancer patients diagnosed in 2010-2015 at ages
75-84 years. Atthe end of the first year at diagnosis

= 6,538 die of cancer = event of interest
= 2,072 die of other causes 2 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)
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SEER*Stat Survival Measures-Statistic TAB

= Observed Survival

= Probability of surviving (any
Causes O-l: death) | File Mew Session View Help

= Net Survival (> C B 5

Execute Execute Remotely Dictionary Export

Cancer Survival Measures

= Probability of surviving cancerin = ==

O Observed Survival Only

the absence of other causes of st o Revene o ST Comer oToe
Selection @ Relative Survival
d eath Parameters O Cause-Specific Survival

Crude Probability of Death [Presence of Other Causes of Death)

= Crude Probability of Death Tabe O Using Expectea surma

O Using Cause of Death

Output

= Probability of dying of cancer
and other causes and surviving
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Net Survival

Probability of surviving cancer in the absence of other
causes of death
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How might we measure the prognosis of cancer
patients?

= Total mortality (among cancer patients)
= All cause survival or observed survival (event is death)

= |nterest 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

= |tis important to note that net survival is interpreted in a hypothetical world
where competing risks are assumed to be eliminated
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Cause of death information

= 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
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Relative survival (Net survival)

= 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.

. , _ observed survival proportion
relative survival ratio =

expected| survival proportion

= Measure of excess mortality experienced by cancer patients

excess = observed — expected
mortality mortality mortality
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How do we estimate expected survival from
comparable group?

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

Method to estimate expected survival

= 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 Il (default)
= Net (Pohar-Perme)

() NATIONAL CANCER INSTITUTE @
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Method to estimate expected survival (cont.)

= Ederer ll: 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 Il 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.

() NATIONAL CANCER INSTITUTE @
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Choice of expected survival method-statistic tab

Data

Statistic

Selection

Parameters

Table

Output

Cancer Survival Measures . Ederer “ Defal.”t

O Observed Survival Only
MNet Survival (Absence of Other Causes of Death)

@ Relative Survival

O Cause-Specific Survival
Crude Probability of Death [Presence of Other Causes of Death
O Using Expected Survival

=  Net/Pohar-Perme

O Using Cause of Death

Cum Expected Method = Most commonly used in international

() Ederer| studies
@ Edererll

O Hakulinen Exact = Internal age-standardization (larger
arkulinen a

O Hakulinen Simplified COﬂfIdeﬂCG mterval)

O Met/Pohar-Perme Pohar-Perme Details. ..

) NATIONAL CANCER INSTITUTE @ Both Ederer | and Hakulinen are no longer used
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Parameter TAB -Survival Time (length) Calculation

90 SEER‘Stat - Survival Session-1

* For the SEER Research files only the

0 ... .4 45 Pre-Calculated Duration loption is

Survival Calculation

available:

@ Pre-calculated Duration

Statc Calculated from Dates

Selecton O Surival months irom complete gates) * Pre-calculated survival is calculated at each
ot - registry using complete dates and

Lo . — submitted to SEER/NCI. Day components
o Study Cutoff (Day/Month/ear}: Dec v~ of dates are NOT sent to SEER.

Presumed Alive

|Z Censor When Attained Age Exceeds Expected Table Max

— + |Calculate from Dates pption can be available
amber a 2 for users’ databases (using SEER*Prep) , if
ot per appropriate.

D Include Oth Interval

Conditional Survival (Special Intervals): |

() NATIONAL CANCER INSTITUTE @
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Parameter TAB- Outputs Definition- Standard life
and Case Listing

70 SEER*Stat - Survival Session-1

o c - 5 « Standard Life-Show standard life
P S table (actuarial) output for the
o — interval calculation (default is in

| 5 € single month)

' R i « User can change to any interval,
o : : e.g. 6 months, 12 months etc...

D Include Oth Interval

Conditional Survival (Special Intervals): ‘ /

Display
@ Tables

|:| Cumulative Summa
Standard Life

Age Std Contributors (Std Life) b Case Listing: PrOVideS Case “Sting
i i e for the selected cohort. Includes
Cijaniiing < selected variables from the Table

Tab and survival variables
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Survival variables automatically added to Case
Listing . For example

= 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)

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

() NATIONAL CANCER INSTITUTE @
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Output in the Survival session

i W 5 %

File New Session ﬁ View Help Cumulative Summary_ ShOW
O T I results for the intervals
' ‘ 3 z defined below

Statistic P 5 al Estimate 2017
Selection [ Include 0th Interval

Conditional Survival (Special Intervals):
Parameters
Table Display

@ Tables
Output

El Cumulative Summary
[ standard Life
Age Std Contributors (Std Life)
Period Contributors (Std Life)
[ z-Test e None

O Case Listing

Cumulative Summary
Interval: ‘ 12,24,36,48,60 ‘ Define...
Interval Dimension: @® Row O Ccolumn
E| Observed Crude Standard Errors
[ Expected M Median [ Confidence Intervals
™ Relative Conditional [ z-value
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1-year observed survival and relative survival
(life page)
63.5%

Relative Survival = ——— = 65.3%
0
97.3% ~ Expected survival

Observed survival

Alive at Lost to Observed Expected Relative SE Obs SE Rel
Start Died Follow-up Interval Cum Interval Cum Interval Cum Interval Cum Interval Cum
1 < 1mo 1,118189% 90795 6,251 91.9%|  91.9% 99.7%|  99.744 921% 92.1% 0.0%  0.0% 0.0% 0.0%
2 [1<=2mo 1,021,143 50,847 5,902 94.0%| 864% 99.5%, 99.5‘3‘ 94.3%| 86.8%| 0.0%  0.0% 00%  0.0%
3 |2-=3mo 954394 50,113 5,802 94.7%| §1.8% 99.5%,| 99.2‘!‘ 95.0%|  824% 0.0% 0.0% 0.0% 0.0%
4 |3-=4mo 893479 34689 4641 961%| 787% 99.8% 99.0‘3‘ 964%| 794% 0.0%  00% 0.0% 0.0%
5 |4-«=5mo 859149 29866 5311 96.5%| 75.9% 99.8% 93.3‘!‘ 96.7%|  TE.8%| 0.0% 0.0% 0.0% 0.0%
& |5-<6mo 823572 24604 4737 97.0%  736% 99.8% 93.6‘3‘ 97.2% 74T 0.0%  0.0% 0.0% 0.0%
7 |B-=Tmo 794631 23,380 4664 97.0%|  ¥1.5% 99.5%, 93.4‘!‘ 97.3%|  Ta7%H| 0.0% 0.0% 00% 0.0%
g |7T-<8mo 766,587 18811 4503 97.5% 69.7% 99.8%| 98.1 ‘ﬂ 97.8%  71.0% 0.0%  0.0% 0.0% 0.0%
9  |8-=9mo 743273 17433 4330 97.6% 68.1% 99.8% 97.9‘!‘ 97.9% £5.5%| 0.0% 0.0% 00% 0.0%
10 |9-<10 mo 721510 17,621 4241 97.6% 664 99.8% 97.7‘3‘ 97.8% 68.0% 0.0%  0.0% 0.0% 0.0%
11 [10-<11 mo 655,643 14413 3,902 ;m-—m—wﬂ— i £5 0.0% 0.0% 00% 0.0%
12 [11-<12 mo 681,328 15975 3 97.6% 63.5% 99.8% 97.3‘3‘ 97.9% 653 0.0%  00% 0.0% 0.0%
13 [12-<13mo 661 606 12377 3 -—-EH%._ gggarl g7 —-ﬂﬂ#‘r 0.0% 0.0% 0.0%  0.0%
14 [13-<14 mo E45.820 13310 3,57 97.9% 61.0% 99.8%| 964 98.2% 63.0°%% 0.0%  00% 009 0.0%
15 |14-<15 mo 628,932 10,614 3,322 98.3% 60.0% 99.5%, 96.6‘!‘ 98.5% 62.1% 0.0%  0.0% 0.0%(  0.0%
16 |15-<16 mo E14.996 10452 3264 98.3% 59.0% 99.8% 96.4‘3‘ 98.5% B1.2% 0.0%  00% 00% 0.0%
17 [1A-<17 mn AN e R E 3 anal o0 AL o 7ok o s nnas N
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5-year Observed, expected and relative survival
summary page

Page: Cumulative Summary

= Fledian Obs | Median Rel | Observed |} Expected § Relative |JSEObs | SERel | Obs Cum Cls Lower | Obs Cum Cls Upper | Rel Cum Cls Lower | Rel Cum Cls Upper

12 mo 1,118,189 2760 35.69|| 63.5% 97.3%| 65.3% 0.0% 0.0% 634% 63.6% 65.2% 654%
24 mo 1,118,189 2760 35.69" 52.3% 94.7% 55.2% 0.0% 01% 52.2% 524% 55.1% 55.3%
36 mo 1,113,139 2760 35.69|| 45.9% 92.0%| 49.59% 0.0% 01% 45.5% 46.0% 49.5% 50.0%
43 mo 1,113,139 2760 35.69|| 41.7% 89.3%| 46.7% 0.0% 0.1% 41.6% 41.8% 46.6% 46.8%
60 mo 1,118,189 276D 35.69|| 384% 86.5%| 44.3% 0.0% 01% 38.3% 38.5% 44.2% 44.5%

Actuarial method. Ederer Il method used for cumulative expected.

Confidence interval: Log(-Log()) Transformation. The level is 95%.
* The relative cumulative survival is over 100 percent and has been adjusted.
# The relative cumulative survival increased from a prior interval and has been adjusted.

() NATIONAL CANCER INSTITUTE @
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Figure shows Cumulative Observed (blue), Expected (orange) and

relative survival (red)
User can customize Y-axis

=
=) [t= A &
= i3l alls 7 -
Retrieve Session Options Export Export Graph Font Highlight Copy
Graph Type Line ~ | Statistic | Cumulative Survival | Xensis | Summary Interval v/
Matrix - = » £ =
By-Var (Series) | Statistic Group - Cum ~ | ChartVariables Mone 4 »>
Settings
Graph Regional
120
- = Statistic Group - Cum
5/5Pages e —s— Observed
D Curnulative Summary Expected
D Localized 100 -poee * —+— Relative
Regional Ak
O pistant 2244994404000 o *
[ Unknewnsunstaged 440900 E E R tat
50 — 3
Graphs
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w
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= Work in
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Graph of Survival - Bar Graph

Cumulative Summary

120 Summary |nterval
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Other SEER*Stat
survival methods

[ NATIONAL CANCER INSTITUTE é

1. Cohort, period and complete
2. Age-standardization in SEER*Stat

3. Conditional survival

23



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

Figure 1: Observed Survival by Year of Follow up and Year of Diagnosis, Regional Female Breast Cancer, SEER 18
Registries (2008-2012)

2012 = 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.

2008 2009 2010 201
AL

1 ||96.8% | 96.7% 96.8% 96.8%
I

|
|
2 |} 95.3%! 95.0% .
: = Complete Analysis - Includes all
I patients diagnosed in the most recent
3 95.0%: 94.7% years spanning the maximum duration
I to be estimated.
4 = Period - Uses only the most recent

| complete analysis (everything) 79.2% I
period 79.0%

() NATIONAL CANCER INSTITUTE @

interval survival estimate of cases
diagnosed in different calendar years
(cross-sectional estimate of survival).

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

Figure 2: Observed Survival by Year of Follow up and Year of Diagnhosis, Regional Female Breast Cancer, SEER 18
Registries (2006-2012) - Method Implemented by SEER

2006 2007 2008 2009 2010 20m 2012

1 ; A 96.8% :96.7% 96.8% 96.8% 96.7%
2 . 95.2% 95.3%
3 . 95.0% 94.7%

4 : 95.1% 95.2%

______________ 1
____________ ol

complete analysis (everything) 79.1%
period 79.2%
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Why to age-standardize?

= 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)
= |arge literature on age-standardization.

= |n SEER*Stat direct external age-standardization is implemented

() NATIONAL CANCER INSTITUTE @ 26



Direct (or External) Age-standardization

Survival is calculated for each age group

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

AgeStd Surv = Z Woge SUTV,,,

age
age

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

() NATIONAL CANCER INSTITUTE @ 27



https://seer.cancer.gov/stdpopulations/survival.html

Cancer Statistics +

SEER Data & Software ~ News & Events

Registry Operations ~

A Home

SEER Data & Software

U.S. Datasets » Standard Population Data » Age Standards for Survival

Age Standards for Survival

U.S. Mortality Data
U.S. Population Data +

Standard Population -
Data

Data Dictionary

U.S. Standard
Population vs.
Standard Million

Age Standards for
Survival

Use of the 2000 U.S.
Standard Population

County Attributes +

Expected Survival Life +
Tables

SEER Linked Databases

m NATIONAL CANCER INSTITUTE

SEER now provides age standard adult cancer populations (ages 15+) to calculate age standardized
survival. Age-standardized survival is used to compare survival across time or different cancer
populations with different age distributions. The standards provided are the International Cancer
Survival Standard (ICSS) derived in Corazziari et al. {2004) for three broad groups of cancer sites with
similar patterns of incidence by age. The idea is that by using the appropriate standard, the age-
standardized survival would be similar to the raw (un-weighted) survival.

Standard Populations for Survival
The three standards can be generally described as:

= International Cancer Survival Standard (ICSS) 1 - For cancer sites with increasing incidence by age
{most cancer sites)

= International Cancer Survival Standard (ICSS) 2 - For cancer sites with broadly constant incidence by
age

= International Cancer Survival Standard (ICSS) 3 - For cancer sites that mainly affect young adults

Cancer Site for Which Each of the Three International Cancer Survival Standards
(ICSS) Apply*

ICss
Cancer Sites

Standard

1 Lip, tongue, salivary glands, oral cavity, oropharynx, hypopharynx, head & neck,
oesophagus, stomach, smallintestine, colon, rectum, liver, biliary tract, pancreas, nasal
cavities, larynx, lung, pleura, breast, corpus uteri, ovary, vagina & vulva, penis, bladder,
kidney, choreid melanoma, non-Hodgkin lymphemas, multiple myeloma, chronic
lymphatic leukaemia, acute myeloid leukaemia, chronic myeloid leukaemia, leukaemia,
all cancers, prostate®

2 Nasopharynx, soft tissues, melanoma, cervix uteri, brain, thyroid gland, bone”

3 Testis, Hodgkins disease, acute lymphatic leukaemia

28



Notes About Age-Standardized Survival

= Useful in comparisons: international, by registry or by calendar
period

= Not so useful for representing survival for the specific populations
= |n some instances, it is better to show survival for different age groups

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

() NATIONAL CANCER INSTITUTE @
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Statistic TAB

File New Session View Help
Execute Execute Remotely Dictionary Export

_J/ UsHIy Laust ul utaui

bk Cum Expected Method . )
Statistic O Ederer! Period survival
Selection ® Ederer I
O Hakulinen Exact
Parameters i e
(O Hakulinen Simplified
Table (O Net/Pohar-Perme Pohar-Perme Details...
Qutput
i Method
@ Actuarial

(O Kaplan-Meier

Period Survival

D Period Survival

Cl Level: %
Age-standardized. Select

Age Standardi [
Sttt standard for the specific
[ Age Standardi .

_ : _ cancer sites
Standard Population: International Cancer Survival Standard 1 - Ages 15+ v
Age Variable: Age recode (<60,60-69,70+) ‘-’.

Survival Table

Expected Survival Table: U.S. by SES/geagraphy/race (NHW,NHB, NHAIAN, NHAPL HISP) 1992-2016, Ages 0-99, St b Selection of life-tables

Definition of Cause of Death

() NATIONAL CANCER INSTITUTE @
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Conditional survival

= 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

Probability of surviving 10 years from diagnosis

Probability of survivig 5 years from diagnosis

January 6, 2022
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Parameter TAB -Intervals

9 SEER*Stat - Survival Session-1

File New Session View Help

Execute Execute Remotely  Dictionary Export

Survival Calculation

Data

(@) Pre-calculated Duration
Satistic Calculated from Dates
Selection Duration: Survival months (from complete dates)
Parameters
Table

Vital Status: Vital status recode (study cutoff used)
Qutput .

Study Cutoff (Day/Month/Year): Dec v 2018

Presumed Alive

|z Censor When Attained Age Exceeds Expected Table Max

Intervals
Number: o =
Months Per: ! =
5
3
2017

D Include Oth Interval

Conditional Survival (Special Intervals): |
13-48, 25-60
() NATIONAL CANCER INSTITUTE @

A screen shot of the parameter tab in
SEER*Stat. The conditional survival is
entered as 13-48, 25-60.

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

32



OUTPUT TAB OPTIONS

e » Because relative survival is a
File New Session View Help ratlo lt Can be over 1 OO%'
o c iU N * This happens when the overall
Execute Execute Remotely Dictionary Export mortahty Of the Cancer pa’uents
Title (Up to 5 Lines) .
pata is lower than the general
Statisic population (e.g., localized
Selection breast cancer, healthy
parameters . screening factor)
ptions .
Table N » By default, SEER*Stat adjusts
isplay Statistics As: Percents ~ .
it Number of Decimal Places: 0.1% i ot these eStlmateS tO nOt be over

100% or increase from prior
cumulative interval
e Users can uncheck the boxes

[] Flag Relative Cumulative SEs Greather Than 10 %
|:| Suppress Pages with Fewer Than 25 Cases Alive
Adjust Relative Survival Over 1.0 (100%)

Adjust Increasing Relative Survival

|:| Display All Calculated Statistics In Output Matrix Set Default
Output
LT cansmes m Duipe = « Option to export files that can

be read by other programs
(e.g. CANSURV and JPSurv
[ NaTIONAL CANCER INSTITUTE @ software) 33
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Demo 1 and 2
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