Verona, 15 giugno 2011
Nell’analisi della sopravvivenza si deve innanzitutto stabilire qual è l’evento terminale:

1) il decesso del paziente (overall survival)

2) il decesso legato alla malattia (disease-related survival)

3) il decesso legato alla malattia o la recidiva di malattia (disease-free survival)

La variabile censor indica se il paziente non ha avuto l’evento terminale (censor=0) o se ha avuto l’evento terminale (censor=1) durante il periodo di osservazione.

La variabile survival indica la durata del periodo di osservazione: T1-T0. Viene in genere espresso in anni o in mesi.
T0 può essere una data del calendario uguale per tutti i pazienti, oppure la data della diagnosi, dell’inizio della terapia neoadiuvante, dell’intervento.
T1 è la data dell’evento terminale. Nei pazienti persi di vista (lost to follow-up) senza l’evento terminale è la data dell’ultima visita. Nei pazienti che non presentano l’evento terminale per tutta la durata dello studio (withdrawn alive se si considera l’overall survival) è la data di chiusura del follow-up.
Nell’analisi della sopravvivenza vengono in genere utilizzate delle variabili per raggruppare i pazienti. La sopravvivenza viene poi messa a confronto fra i vari gruppi.
* GESTIONE DEL FILE DATI *

save survival.dta
use survival.dta

* VISUALIZZAZIONE DEI DATI *.

. sum

Variable | Obs        Mean   Std. Dev.     Min   Max

---------+------------------------------------------

survival |  68    149.2941   60.24528       15   200

  censor |  68    .4852941   .5034996        0     1

   group |  68    1.338235   .4766266        1     2

. list

     +---------------------------+

     | survival   censor   group |

     |---------------------------|

  1. |       35        1       1 |

  2. |       78        1       1 |

  3. |      115        1       1 |

  4. |      115        1       1 |

  5. |      126        1       1 |

     |---------------------------|

  6. |      138        1       1 |

  7. |      138        1       1 |

  8. |      144        1       1 |

  9. |      151        1       1 |

 10. |      154        1       1 |

     |---------------------------|

 11. |      159        1       1 |

 12. |      168        1       1 |

 13. |      172        1       1 |

 14. |      196        1       1 |

 15. |      108        0       1 |

     |---------------------------|

 16. |      140        0       1 |

 17. |      200        0       1 |

 18. |      200        0       1 |

 19. |      200        0       1 |

 20. |      200        0       1 |

     |---------------------------|

 21. |      200        0       1 |

 22. |      200        0       1 |

 23. |      200        0       1 |

 24. |      200        0       1 |

 25. |      200        0       1 |

     |---------------------------|

 26. |      200        0       1 |

 27. |      200        0       1 |

 28. |      200        0       1 |

 29. |      200        0       1 |

 30. |      200        0       1 |

     |---------------------------|

 31. |      200        0       1 |

 32. |      200        0       1 |

 33. |      200        0       1 |

 34. |      200        0       1 |

 35. |      200        0       1 |

     |---------------------------|

 36. |      200        0       1 |

 37. |      200        0       1 |

 38. |      200        0       1 |

 39. |      200        0       1 |

 40. |      200        0       1 |

     |---------------------------|

 41. |      200        0       1 |

 42. |      200        0       1 |

 43. |      200        0       1 |

 44. |      200        0       1 |

 45. |      200        0       1 |

     |---------------------------|

 46. |       15        1       2 |

 47. |       22        1       2 |

 48. |       24        1       2 |

 49. |       24        1       2 |

 50. |       39        1       2 |

     |---------------------------|

 51. |       48        1       2 |

 52. |       51        1       2 |

 53. |       59        1       2 |

 54. |       63        1       2 |

 55. |       74        1       2 |

     |---------------------------|

 56. |       85        1       2 |

 57. |      104        1       2 |

 58. |      115        1       2 |

 59. |      118        1       2 |

 60. |      124        1       2 |

     |---------------------------|

 61. |      131        1       2 |

 62. |      164        1       2 |

 63. |      178        1       2 |

 64. |      194        1       2 |

 65. |       60        0       2 |

     |---------------------------|

 66. |      153        0       2 |

 67. |      170        0       2 |

 68. |      200        0       2 |

     +---------------------------+

* RICODIFICA DELLE VARIABILI *.

. tab censor

     censor |      Freq.     Percent        Cum.

------------+-----------------------------------

          0 |         35       51.47       51.47

          1 |         33       48.53      100.00

------------+-----------------------------------

      Total |         68      100.00

. label define status 0 "vivo" 1 "morto"

. label values censor status
. tab censor

censor |   Freq.     Percent        Cum.

-------+--------------------------------

  vivo |      35       51.47       51.47

 morto |      33       48.53      100.00

-------+--------------------------------

 Total |      68      100.00

. tab group

      group |      Freq.     Percent        Cum.

------------+-----------------------------------

          1 |         45       66.18       66.18

          2 |         23       33.82      100.00

------------+-----------------------------------

      Total |         68      100.00

. label define farmaco 1 "farmaco A" 2 "farmaco B"

. label values group farmaco

. tab group

      group |      Freq.     Percent        Cum.

------------+-----------------------------------

  farmaco A |         45       66.18       66.18

  farmaco B |         23       33.82      100.00

------------+-----------------------------------

      Total |         68      100.00
* ANALISI DELLA VARIABILE CENSOR DA SOLA *

* CONFRONTO FRA I QUOZIENTI DI MORTALITA’ NEI DUE GRUPPI *

.graph pie if group==1,over(censor) title("farmaco A") plabel(_all percent, size(6))

.graph pie if group==2,over(censor) title("farmaco B") plabel(_all percent, size(6))
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* Calcolo dei quozienti di mortalità e test esatto di Fisher *

. tab group censor,row exact

+----------------+

| Key            |

|----------------|

|   frequency    |

| row percentage |

+----------------+

           |        censor

     group |      vivo      morto |     Total

-----------+----------------------+----------

 farmaco A |        31         14 |        45 

           |     68.89      31.11 |    100.00 

-----------+----------------------+----------

 farmaco B |         4         19 |        23 

           |     17.39      82.61 |    100.00 

-----------+----------------------+----------

     Total |        35         33 |        68 

           |     51.47      48.53 |    100.00 

           Fisher's exact =   0.000

   1-sided Fisher's exact =   0.000

* Si può effettuare anche il test del chi-quadrato ? *

. tab group censor,expected chi

+--------------------+

| Key                |

|--------------------|

|     frequency      |

| expected frequency |

+--------------------+

           |        censor

     group |      vivo      morto |     Total

-----------+----------------------+----------

 farmaco A |        31         14 |        45 

           |      23.2       21.8 |      45.0 

-----------+----------------------+----------

 farmaco B |         4         19 |        23 

           |      11.8       11.2 |      23.0 

-----------+----------------------+----------

     Total |        35         33 |        68 

           |      35.0       33.0 |      68.0 

          Pearson chi2(1) =  16.1600   Pr = 0.000

* Sì, perché ci sono almeno 5 attesi in ogni cella * 
* ANALSI DELLA VARIABILE SURVIVAL (TEMPO DI SOPRAVVIVENZA) DA SOLA *
. hist survival,norm                   . graph box survival

(bin=8, start=15, width=23.125)
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. tabstat survival,by(censor) stat(n mean sd skewness kurtosis)

Summary for variables: survival by categories of: censor 

censor |         N      mean        sd  skewness  kurtosis

-------+--------------------------------------------------

  vivo |        35  189.4571  30.13825 -3.108626  12.22616

 morto |        33   106.697  54.75998 -.1755013  1.816784

-------+--------------------------------------------------

 Total |        68  149.2941  60.24528 -.8653817  2.391818

----------------------------------------------------------

. tabstat survival,by(censor) stat(min p25 p50 p75 max)

Summary for variables: survival by categories of: censor 

censor |       min       p25       p50       p75       max

-------+--------------------------------------------------

  vivo |        60       200       200       200       200

 morto |        15        59       115       151       196

-------+--------------------------------------------------

 Total |        15       115       171       200       200

----------------------------------------------------------
* In genere; per esprimere la durata del follow-up si riporta la mediana e il range della variabile survival per i soli vivi. In questo caso 200 (60-200) *
. hist survival,norm by(censor)
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. graph box survival,by(censor)
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. swilk survival

                   Shapiro-Wilk W test for normal data

    Variable |    Obs       W           V         z       Prob>z

-------------+--------------------------------------------------

    survival |     68    0.91642      5.025     3.505    0.00023
. sfrancia survival

                  Shapiro-Francia W' test for normal data

    Variable |    Obs       W'          V'        z       Prob>z

-------------+--------------------------------------------------

    survival |     68    0.95796      2.780     1.978    0.02399
* CONFRONTO FRA LA VARIABILE SURVIVAL TRA I DUE GRUPPI *
. tabstat survival,by(group) stat(n mean SD skewness kurtosis)

Summary for variables: survival by categories of: group 

    group |         N      mean        sd  skewness  kurtosis

----------+--------------------------------------------------

farmaco A |        45  176.3778  39.26442 -1.718753  5.544788

farmaco B |        23  96.30435  59.44855  .2917398   1.78412

----------+--------------------------------------------------

    Total |        68  149.2941  60.24528 -.8653817  2.391818

-------------------------------------------------------------

. tabstat survival,by(group) stat(min p25 p50 p75 max)

Summary for variables: survival by categories of: group 

    group |       min       p25       p50       p75       max

----------+--------------------------------------------------

farmaco A |        35       154       200       200       200

farmaco B |        15        48        85       153       200

----------+--------------------------------------------------

    Total |        15       115       171       200       200

-------------------------------------------------------------

. graph box survival,over(group)   
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. bysort group:swilk survival

-------------------------------------------------------------------

-> group = farmaco A

                   Shapiro-Wilk W test for normal data

    Variable |    Obs       W           V         z       Prob>z

-------------+--------------------------------------------------

    survival |     45    0.68251     13.748     5.555    0.00000

-------------------------------------------------------------------

-> group = farmaco B

                   Shapiro-Wilk W test for normal data

    Variable |    Obs       W           V         z       Prob>z

-------------+--------------------------------------------------

    survival |     23    0.93255      1.764     1.154    0.12418

* ANALISI DELLA SOPRAVVIVENZA, OVVERO DEL SURVIVAL E DEL CENSOR INSIEME *
*Fissiamo SURVIVAL come INTERVALLO TEMPORALE e CENSOR=1 come EVENTO TERMINALE
. stset survival,failure(censor=1)

 failure event:  censor == 1       obs. time interval:  (0, survival]

 exit on or before:  failure

---------------------------------------------------------------------

       68  total obs.                         0  exclusions

---------------------------------------------------------------------

       68  obs. remaining, representing

       33  failures in single record/single failure data

    10152  total analysis time at risk, at risk from t =         0

                             earliest observed entry t =         0

                                  last observed exit t =       200
* ANALISI DELLA SOPRAVVIVENZA NELL’INTERO CAMPIONE *

* CURVE DI SOPRAVVIVENZA SECONDO IL METODO DI KAPLAN-MEIER *.

. sts list

   failure _d:  censor == 1     analysis time _t:  survival

        Beg.          Net     Survivor      Std.

Time   Total   Fail   Lost    Function     Error     [95% Conf.Int.]

--------------------------------------------------------------------

  15      68      1      0      0.9853    0.0146     0.9002   0.9979

  22      67      1      0      0.9706    0.0205     0.8875   0.9926

  24      66      2      0      0.9412    0.0285     0.8508   0.9775

  35      64      1      0      0.9265    0.0317     0.8323   0.9687

  39      63      1      0      0.9118    0.0344     0.8141   0.9594

  48      62      1      0      0.8971    0.0369     0.7962   0.9495

  51      61      1      0      0.8824    0.0391     0.7785   0.9394

  59      60      1      0      0.8676    0.0411     0.7611   0.9288

  60      59      0      1      0.8676    0.0411     0.7611   0.9288

  63      58      1      0      0.8527    0.0430     0.7435   0.9179

  74      57      1      0      0.8377    0.0448     0.7261   0.9067

  78      56      1      0      0.8228    0.0464     0.7090   0.8952

  85      55      1      0      0.8078    0.0479     0.6921   0.8836

 104      54      1      0      0.7928    0.0493     0.6754   0.8717

 108      53      0      1      0.7928    0.0493     0.6754   0.8717

 115      52      3      0      0.7471    0.0531     0.6250   0.8346

 118      49      1      0      0.7319    0.0541     0.6085   0.8219

 124      48      1      0      0.7166    0.0551     0.5922   0.8090

 126      47      1      0      0.7014    0.0560     0.5761   0.7960

 131      46      1      0      0.6861    0.0568     0.5601   0.7829

 138      45      2      0      0.6556    0.0583     0.5285   0.7562

 140      43      0      1      0.6556    0.0583     0.5285   0.7562

 144      42      1      0      0.6400    0.0589     0.5124   0.7424

 151      41      1      0      0.6244    0.0595     0.4965   0.7285

 153      40      0      1      0.6244    0.0595     0.4965   0.7285

 154      39      1      0      0.6084    0.0601     0.4801   0.7142

 159      38      1      0      0.5924    0.0606     0.4639   0.6998

 164      37      1      0      0.5764    0.0611     0.4479   0.6852

 168      36      1      0      0.5604    0.0614     0.4320   0.6705

 170      35      0      1      0.5604    0.0614     0.4320   0.6705

 172      34      1      0      0.5439    0.0618     0.4157   0.6554

 178      33      1      0      0.5274    0.0621     0.3995   0.6401

 194      32      1      0      0.5109    0.0623     0.3835   0.6247

 196      31      1      0      0.4944    0.0624     0.3676   0.6092

 200      30      0     30      0.4944    0.0624     0.3676   0.6092

--------------------------------------------------------------------

. sts graph
  failure _d:  censor == 1                 analysis time _t:  survival
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. stci,median

 failure _d:  censor == 1                  analysis time _t:  survival

             |    no. of 

             |  subjects         50%     Std. Err.     [95% Conf. Interval]

-------------+-------------------------------------------------------------

       total |        68         196             .          151          .

. sts list, at(4 12 24 36 48 60)

   failure _d:  censor == 1                analysis time _t:  survival

        Beg.           Survivor      Std.

Time   Total   Fail    Function     Error     [95% Conf. Int.]

--------------------------------------------------------------

   4       0      0     1.0000         .          .         .

  12       0      0     1.0000         .          .         .

  24      66      4     0.9412    0.0285     0.8508    0.9775

  36      64      1     0.9265    0.0317     0.8323    0.9687

  48      62      2     0.8971    0.0369     0.7962    0.9495

  60      59      2     0.8676    0.0411     0.7611    0.9288

--------------------------------------------------------------

Note:  survivor function is calculated over full data and evaluated at

       indicated times; it is not calculated from aggregates shown at left.

* CONFRONTO FRA LA SOPRAVVIVENZA NEI SINGOLI GRUPPI *

* CURVE DI SOPRAVVIVENZA SECONDO IL METODO DI KAPLAN-MEIER *
. sts list,by(group)

  failure _d:  censor == 1                  analysis time _t:  survival

         Beg.          Net    Survivor      Std.

Time    Total   Fail   Lost   Function     Error   [95% Conf.Int.]

------------------------------------------------------------------

farmaco A 

  35       45      1      0     0.9778    0.0220   0.8525   0.9968

  78       44      1      0     0.9556    0.0307   0.8338   0.9887

 108       43      0      1     0.9556    0.0307   0.8338   0.9887

 115       42      2      0     0.9101    0.0429   0.7778   0.9653

 126       40      1      0     0.8873    0.0475   0.7501   0.9515

 138       39      2      0     0.8418    0.0549   0.6965   0.9213

 140       37      0      1     0.8418    0.0549   0.6965   0.9213

 144       36      1      0     0.8184    0.0581   0.6694   0.9048

 151       35      1      0     0.7950    0.0610   0.6429   0.8877

 154       34      1      0     0.7716    0.0635   0.6169   0.8701

 159       33      1      0     0.7483    0.0658   0.5914   0.8520

 168       32      1      0     0.7249    0.0677   0.5664   0.8335

 172       31      1      0     0.7015    0.0695   0.5418   0.8146

 196       30      1      0     0.6781    0.0710   0.5175   0.7953

 200       29      0     29     0.6781    0.0710   0.5175   0.7953

farmaco B 

  15       23      1      0     0.9565    0.0425   0.7293   0.9938

  22       22      1      0     0.9130    0.0588   0.6949   0.9775

  24       21      2      0     0.8261    0.0790   0.6006   0.9309

  39       19      1      0     0.7826    0.0860   0.5542   0.9032

  48       18      1      0     0.7391    0.0916   0.5092   0.8734

  51       17      1      0     0.6957    0.0959   0.4656   0.8417

  59       16      1      0     0.6522    0.0993   0.4235   0.8084

  60       15      0      1     0.6522    0.0993   0.4235   0.8084

  63       14      1      0     0.6056    0.1026   0.3783   0.7720

  74       13      1      0     0.5590    0.1047   0.3351   0.7339

  85       12      1      0     0.5124    0.1058   0.2937   0.6943

 104       11      1      0     0.4658    0.1060   0.2542   0.6530

 115       10      1      0     0.4193    0.1051   0.2165   0.6102

 118        9      1      0     0.3727    0.1033   0.1807   0.5659

 124        8      1      0     0.3261    0.1003   0.1467   0.5198

 131        7      1      0     0.2795    0.0962   0.1149   0.4719

 153        6      0      1     0.2795    0.0962   0.1149   0.4719

 164        5      1      0     0.2236    0.0918   0.0771   0.4166

 170        4      0      1     0.2236    0.0918   0.0771   0.4166

 178        3      1      0     0.1491    0.0863   0.0316   0.3504

 194        2      1      0     0.0745    0.0681   0.0057   0.2718

 200        1      0      1     0.0745    0.0681   0.0057   0.2718

------------------------------------------------------------------
. stci,median by(group)

   failure _d:  censor == 1                  analysis time _t:  survival

             |    no. of 

group        |  subjects         50%     Std. Err.     [95% Conf. Interval]

-------------+-------------------------------------------------------------

     farmaco |        45           .             .            .          .

     farmaco |        23         104      31.09274           51        131

-------------+-------------------------------------------------------------

       total |        68         196             .          151          .

. sts graph,by(group)                  . sts graph,by(group) lost
failure _d:  censor == 1                      analysis time _t:  survival
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. sts test group

   failure _d:  censor == 1                analysis time _t:  survival

Log-rank test for equality of survivor functions

          |   Events         Events

group     |  observed       expected

----------+-------------------------

farmaco A |        14          26.59

farmaco B |        19           6.41

----------+-------------------------

Total     |        33          33.00

                chi2(1) =      32.27

                Pr>chi2 =     0.0000
. sts list, at(4 12 24 36 48 60) by(group)

   failure _d:  censor == 1             analysis time _t:  survival

              Beg.               Survivor      Std.

    Time     Total     Fail      Function     Error     [95% Conf. Int.]

------------------------------------------------------------------------

farmaco A 

       4         0        0       1.0000         .          .         .

      12         0        0       1.0000         .          .         .

      24         0        0       1.0000         .          .         .

      36        45        1       0.9778    0.0220     0.8525    0.9968

      48        45        0       0.9778    0.0220     0.8525    0.9968

      60        45        0       0.9778    0.0220     0.8525    0.9968

farmaco B 

       4         0        0       1.0000         .          .         .

      12         0        0       1.0000         .          .         .

      24        21        4       0.8261    0.0790     0.6006    0.9309

      36        21        0       0.8261    0.0790     0.6006    0.9309

      48        18        2       0.7391    0.0916     0.5092    0.8734

      60        15        2       0.6522    0.0993     0.4235    0.8084

------------------------------------------------------------------------

Note:  survivor function is calculated over full data and evaluated at

       indicated times; it is not calculated from aggregates shown at left.
* MODELLO DI COX *.

. xi:stcox group

   failure _d:  censor == 1                 analysis time _t:  survival

Iteration 0:   log likelihood = -128.34133

Iteration 0:   log likelihood = -115.95054

Cox regression -- Breslow method for ties

No. of subjects =           68                   Number of obs =    68

No. of failures =           33                   Time at risk  = 10152

                                                 LR chi2(1)    = 24.78

Log likelihood  =   -115.95054                   Prob > chi2   =0.0000

---------------------------------------------------------------------

   _t | Haz. Ratio   Std. Err.    z    P>|z|     [95% Conf. Interval]

------+--------------------------------------------------------------

group |   6.339739   2.325997   5.03   0.000     3.088678    13.01278

* VERIFICA DELL’ASSUNZIONE DI PROPORZIONALITA’ DEL MODELLO DI COX *

. stphplot, by(group) nonegative
   failure _d:  censor == 1              analysis time _t:  survival
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The proportional-hazards assumption is not violated when the curves are parallel.
L’assunzione di proporzionalità dei rischi non è violate quando le curve sono parallele.

. estat phtest

      Test of proportional-hazards assumption

      Time:  Time

      ----------------------------------------------------------------

                  |                      chi2       df       Prob>chi2

      ------------+---------------------------------------------------

      global test |                      1.21        1         0.2706

      ----------------------------------------------------------------

Il test non è significativo (p=0.271) per cui l’assunto di proporzionalità non è violato

. stcoxkm,by(group)

  failure _d:  censor == 1                  analysis time _t:  survival
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Le curve di sopravvivenza osservate sono simili a quelle predette dal modello di Cox.
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