
Kaplan-Meier Estimation Method



Goals of Survival Analysis

 Goal 1: To estimate and interpret survivor and/ or hazard 
functions from survival data

 Goal 2: To compare survivor and/or hazard functions. 

 Goal 3: To assess the relationship of explanatory variables to 
survival time



Notation



Notation



Assumptions of Kaplan-Meier 
Estimator 

 Censored individuals have the same prospect of survival as those who continue to

be followed. This can not be tested for and can lead to a bias that artificially

reduces S.

 Survival prospects are the same for early as for late recruits to the study (can be

tested for).

 The event studied (e.g. death) happens at the specified time. Late recording of

the event studied will cause artificial inflation of S

https://www.statsdirect.com/help/survival_analysis/censorship.htm
https://www.statsdirect.com/help/basics/bias.htm
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The Kaplan-Meier Estimator

• First remove from the list of unordered 

survival times all those times that are 

censored; we are thus working only 

with those times at which people 

failed. 

• Then order the remaining failure times 

from smallest to largest, and count ties 

only once.

• The third column gives frequency 

counts, denoted by ri, of those persons  

who are at risk in the time starting with 

failure time t(i). 

• The fourth column gives frequency 

counts, denoted by di, of those persons  

who are at event occurred for them 

before the time t(i).

• Fifth column, are the survival 

Note: We have not counted person #5 

(who was censored at week 8) here 

because this person’s censored time is 
exactly at the end of the interval. We 

count this person in the following interval.



The Kaplan-Meier Estimator
The K-M estimated percent survival of the subject(s) at each point in time t(i)
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 𝑉 𝑆 𝑇 = 𝑆(𝑇𝑡)
2σ𝑗=1

𝑡−1 𝑑𝑗

(𝑟𝑗−𝑑𝑗)𝑟𝑗
Greenwood’s Formula

 𝑉 𝑆 𝑇1 = 𝑆 𝑇1
2 ×

𝑑1

(𝑟1−𝑟1)𝑟1
= 0.8752

1

7×8
= 0.01367 error=0.117

 𝑉 𝑆 𝑇2 = 𝑆 𝑇2
2 𝑑2

(𝑟2−𝑑2)𝑟2
+

𝑑1

(𝑟1−𝑑1)𝑟1
= 0.58332 ×

2

6×4
+

1

7×8
= 0.03443 error=0.186

 𝑉 𝑆 𝑇3 = 𝑆 𝑇3
2 𝑑3

(𝑟3−𝑑3)𝑟3
+

𝑑2

(𝑟2−𝑑2)𝑟2
+

𝑑1

(𝑟1−𝑑1)𝑟1
= 0.43752 ×

1

3×4
+

2

6×4
+

1

7×8

= 0. 03532   error=𝟎. 𝟏𝟖𝟖

 𝑉 𝑆 𝑇4 = 𝑆 𝑇4
2 𝑑4

(𝑟4−𝑑4)𝑟4
+

𝑑3

(𝑟3−𝑑3)𝑟3
+

𝑑2

(𝑟2−𝑑2)𝑟2
+

𝑑1

(𝑟1−𝑑1)𝑟1
= 0.218752 ቀ

ቁ

1

1×2
+

1

3×4
+

2

6×4

+
1

7×8
= 0.032756   error=𝟎. 𝟏𝟖𝟏

Time Risk(r) Fail(d) Lost Fun K-M Error Conf.L Conf.U

1 8 1 07/8 0.8750.117 0.646 1.104

6 6 2 14/6 0.58330.186 0.219 0.948

8 4 1 3/4 0.43750.188 0.069 0.806

9
2 1 11/2

0.2187
5 0.181 -0.136 0.574



SPSS

ورود داده

تعریف متغیر شکست از مسیر

 Analyze/ Survival/ Kaplan-Meier

 پس از کلیک روی گزینهContinue روی گزینهoptionکلیک

 کرده و گزینهSurvival Tableرا تیک می زنیم.

در خروجی تابع بقا و انحراف معیار تابع بقا به روش گرین وود

گزارش خواهد.



Out Put



SPSS

ینه مایر و انحراف معیار آن در فایل داده ذخیره شود در گز-در صورتی که بخواهید تابع بقا کاپلان

save کنار دو گزینهSurvival وStandard Error of Survivalتیک می زنید.



The Kaplan-Meier Estimator with Confidence Interval

Note: SPSS software does not provide confidence 

intervals



Time Risk Fail Lost K-M -LOG(K-M) Error(-LOG(K_M)) Conf.L Conf.U

1 8 1 0 0.875 0.0580 1.00074 0.387 0.9814

6 6 2 1 0.5833 0.2341 0.5902 0.1801 0.8441

8 4 1 0.4375 0.3590 0.5196 0.1014 0.7149

9 2 1 1 0.21875 0.6601 0.5444 0.0121 0.5928

𝑉 )ln(−ln(𝑆(𝑡𝑖) =

σ𝑗=1
𝑡−1 𝑑𝑗

൬𝑟𝑗−𝑑𝑗)𝑟𝑗

σ𝑗=1
𝑡−1 ቇ𝑙𝑛(

𝑟𝑗−𝑑𝑗

𝑟𝑗

2 (෣𝑆 𝑡1 )
exp(±𝑍 ൗ𝛼 2

෣𝜎 𝑡 )

𝑉 l n( − l n( ෣𝑆 𝑡1 ) =
1

7×8

ቁ𝐿n(
7

8

2=1.00149    Error=1.00074   0.875exp(1.96∗1.00074)=0.387 , 0.875exp(−1.96∗1.00074)=0.9814 

𝑉 l n( − l n( ෣𝑆 𝑡2 ) =
2

4×6
+

1

7×8

ቁln(
4

6
)+𝐿n(

7

8

2=0.3483, Error=0.5902  (0.5833exp(1.96∗0.5902) = 𝟎. 𝟏𝟖𝟎𝟏, 0.5833exp(−1.96∗0.5902) = 𝟎.8441)

𝑉 l n( − l n( ෣𝑆 𝑡3 ) =
1

3×4
+

2

4×6
+

1

7×8

ln(
3

4
) ቁ+ln(

4

6
)+𝐿n(

7

8

2=0.27 Error=0.5196, (0.4375exp(1.96∗0.5196) = 𝟎. 𝟏𝟎𝟏𝟒, 0.4375exp(−1.96∗0.5196)=0.7149

𝑉 l n( − l n( ෣𝑆 𝑡4 ) =
1

1×2
+

1

3×4
+

2

4×6
+

1

7×8

ln(
1

2
)+ln(

3

4
) ቁ+ln(

4

6
)+𝐿n(

7

8

2=0.2963 E=0.5444,

0.21875exp(1.96∗0.5444) = 𝟎. 𝟎𝟏𝟐1, 0.21875exp(−1.96∗0.5444) = 𝟎. 𝟓𝟗𝟐𝟖

Kalbfleisch Formula



Example of calculation Life Table

 Mclllmurray and Turkie (2) describe a clinical trial of 25 patients for the 

treatment and 24 patients for the Control of Dukes' C colorectal 

cancer. The data for the two treatments, linoleic acid or control are 

given.

 The + sign indicates censored data. 

 We calculate K-M and Confidence Interval for the treatment group.



KM with CI

 መ𝑆𝐾𝑀 𝑡𝑖 = ς
𝑗ห𝑡𝑗≤𝑡

𝑟𝑗−𝑑𝑗

𝑑𝑗

 መ𝑆𝐾𝑀 𝑇1 = 6 =
21

23
=0.9130

 መ𝑆𝐾𝑀 𝑇2 = 10 =
21

23
×

18

20
= 𝟎. 𝟖𝟐𝟏𝟕

 መ𝑆𝐾𝑀 𝑇3 = 12 =
21

23
×

18

20
×

13

17
= 𝟎. 𝟔𝟐𝟖𝟒

 መ𝑆𝐾𝑀 𝑇4 = 24 =
21

23
×

18

20
×

13

17
×

7

8
= 𝟎. 𝟓𝟒𝟗𝟖

 መ𝑆𝐾𝑀 𝑇5 = 32 =
21

23
×

18

20
×

13

17
×

7

8
×

4

5
= 𝟎. 𝟒𝟑𝟗𝟗

Time    At risk   Fail    survival     error     [95% conf. int.]
------------------------------------------------------------------------

6       23      2      0.9130      0.0588     0.6949    0.9775
10      20      2      0.8217      0.0809     0.5917    0.9292
12      17      4      0.6284      0.1048     0.3911    0.7946
24        8      1      0.5498      0.1175     0.2998    0.7431
32        5      1      0.4399      0.1360     0.1794    0.6753



Error for KM

𝑉 𝑆 𝑇2 = 𝑆 𝑇2
2 𝑑2

(𝑛2−𝑑2)𝑟2
+

𝑑1

(𝑛1−𝑑1)𝑟1
= 0.82172 ×

2

18×20
+

2

21×23
= 0.00655

error=0.0809

𝑉 𝑆 𝑇1 = 𝑆 𝑇1
2 ×

𝑑1

(𝑛1−𝑟1)𝑟1
= 0.91302

2

21×23
= 0.00345 error=0.0588

𝑉 𝑆 𝑇3 = 𝑆 𝑇3
2 𝑑3

(𝑛3−𝑑3)𝑟3
+

𝑑2

(𝑛2−𝑑2)𝑟2
+

𝑑1

(𝑛1−𝑑1)𝑟1
= 0.62842 ×

2

13×17
+

2

18×20
+

2

21×23
= 0.01098

error=𝟎. 𝟏𝟎𝟒𝟖

𝑉 𝑆 𝑇 = 𝑆(𝑇𝑡)
2෍

𝑗=1

𝑡−1
𝑑𝑗

(𝑟𝑗 −𝑑𝑗)𝑟𝑗



Error for KM

 𝑉 𝑆 𝑇4 = 𝑆 𝑇4
2 𝑑4

(𝑛4−𝑑4)𝑟4
+

𝑑3

(𝑛3−𝑑3)𝑟3
+

𝑑2

(𝑛2−𝑑2)𝑟2
+

𝑑1

(𝑛1−𝑑1)𝑟1
= 0.54982 ቀ

ቁ

1

7×8
+

2

13×17

+
2

18×20
+

2

21×23
= 0.0138   error=𝟎. 𝟏𝟏𝟕𝟓

 𝑉 𝑆 𝑇5 = 𝑆 𝑇5
2 𝑑5

(𝑛5−𝑑5)𝑟5
+

𝑑4

(𝑛4−𝑑4)𝑟4
+

𝑑3

(𝑛3−𝑑3)𝑟3
+

𝑑2

(𝑛2−𝑑2)𝑟2
+

𝑑1

(𝑛1−𝑑1)𝑟1
= 0.43992 ቀ

ቁ

1

4×5

+
2

13×17
+

2

18×20
+

2

21×23
+

1

7×8
+

2

13×17
+

2

18×20
+

2

21×23
=0.0185     error=0.1360



STATA



STATA
 Data entry is quite similar to SPSS.

 You can open data files of various formats from the import section in STATA.

 Survival analysis is one of the important menus in the analysis section.

 First of all, you need to tell the Stata that the data file is a survival data file.

 To do this, we use the sts command as follows.

 stset time, failure(failure==1)



STATA: sts list

Input Data KM Out Put

                                                                        

    11        1      0      1      0.2188    0.1810     0.0121    0.5928

     9        2      1      0      0.2188    0.1810     0.0121    0.5928

     8        4      1      1      0.4375    0.1879     0.1014    0.7419

     6        6      2      0      0.5833    0.1856     0.1802    0.8441

     5        7      0      1      0.8750    0.1169     0.3870    0.9814

     1        8      1      0      0.8750    0.1169     0.3870    0.9814

                                                                        

  Time     risk   Fail   Lost    function     error     [95% conf. int.]

             At                  Survivor      Std.

Kaplan–Meier survivor function



STATA Out PUT: Mclllmurray and Turkie, 

treatment group

                                                                        

    44        1      0      1      0.4399    0.1360     0.1794    0.6753

    36        3      0      2      0.4399    0.1360     0.1794    0.6753

    34        4      0      1      0.4399    0.1360     0.1794    0.6753

    32        5      1      0      0.4399    0.1360     0.1794    0.6753

    27        6      0      1      0.5498    0.1175     0.2998    0.7431

    24        8      1      1      0.5498    0.1175     0.2998    0.7431

    20        9      0      1      0.6284    0.1048     0.3911    0.7946

    16       10      0      1      0.6284    0.1048     0.3911    0.7946

    15       11      0      1      0.6284    0.1048     0.3911    0.7946

    13       12      0      1      0.6284    0.1048     0.3911    0.7946

    12       17      4      1      0.6284    0.1048     0.3911    0.7946

    10       20      2      1      0.8217    0.0809     0.5917    0.9292

     9       21      0      1      0.9130    0.0588     0.6949    0.9775

     6       23      2      0      0.9130    0.0588     0.6949    0.9775

     5       24      0      1      1.0000         .          .         .

     1       25      0      1      1.0000         .          .         .

                                                                        

  Time     risk   Fail   Lost    function     error     [95% conf. int.]

             At                  Survivor      Std.

Kaplan–Meier survivor function



STATA: sts graph



SPSS: Mclllmurray and Turkie, treatment 

group

 time failure SUR_1 SE_1

 6.00 1.00 .91304 .05875

 10.00 1.00 .82174 .08092

 12.00 1.00 .62839 .10477

 24.00 1.00 .54984 .11748

 32.00 1.00 .43987 .13604

Note: SPSS software does not provide confidence intervals.



SPSS: K-M



Practice

 Calculate the Confidence Interval for Survival 

Function for previous example with the 

treatment group with the asymptotic of 

variance.



Disadvantages of Kaplan-Meier Method

 In most statistical Package for handling a censoring that happens at 
the same time as a failure is to assume that the failure  occurred before 
the censoring. Still, in this situation overestimation of Product Limit 
estimator function in the presence of ties.

 There is a level at which delayed entries cause considerable problems. 
In these entries' presence, the Kaplan-Meier procedure for calculating 
the survivor curve can yield absurd results. This happens when some late 
arrivals enter the study after everyone before them has failed.

 Few datasets actually have such gaps. Gaps in subject histories are not 
a problem; it is only when all the gaps in all the subjects add up in such 
a way that no one is at risk during a period that the dataset itself will 
have such a gap. 

 When datasets do have such gaps, you want to avoid the Kaplan-
Meier estimate and use the Nelson-Aalen, and still, you need to think 
carefully as you interpret results.



Limitations of Kaplan-Meier

• Mainly descriptive

• Doesn’t control for covariates

• Requires categorical predictors 

• Can’t accommodate time-dependent variables


