l Survival Function
Il Density function
I1. Hazard function

l. the survivorship function (or simply, survival function)

S(t)
65 90
(survival)

event

S(t) = P (an individual survives longer thant) =P ( T > t)

T ( ) T

(1)

S(t) = 1 — f(t)

S(t) = [number of patients surviving longer than t] / [total number of patients]

t=0 SM)=1, t= oo S{t)=0
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(cumulative survival rate)

S(t) = P (T>t)
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S(t) =P (T >1)
S(t) =P (T >2)
S(t) = P (T >3)
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Mantel 1956

log rank test Mantel test
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A B A B
3 5 7 A
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A B A A B A B B A A B B
000000000000
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2 x 2 table
A 1 5 6
B 0 6 6
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(observed) — (expected) = (1 — 0.44) = 0.56
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Il Probability Density Function (or Simply, Density Function)
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Hazard Function (force of mortality)
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(at a given moment)
hazard function
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1/3 (a/3) / (1/2) = 0.67 / day,
(1/14) = 4.67 / week h(t)
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(average hazard rate)
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h(t) =
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h(t)
(lognormal)
h(t)
20

h(t)

-1/2

h(t)

(increasing Weibull)

(decreasing Weibull) 20
(exponential)

40



Cox Hazard Model

KM Log rank test
Cox’s model A B
M Hazard Curve
constant k
Ho: ha = Ra
Ha Aaw = KAgy k= constant

Proportional hazard: Aaq 7/ Agy = K

Hazard curve
Hazard curve

2
Proportional hazard model

Ay = A€" Z=1, or O (exponential)

Aoy = hog € (proportional)
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Proportional odds:

cross hazard
Hazard curve

KM

11



40

S(t) f(0) h(t)
0-5 40 5 0.875 0.025 0.027
5-10 35 7 0.700 0.035 0.044
10-15 28 6 0.550 0.030 0.048
15-20 22 4 0.450 0.020 0.040
20-25 18 5 0.325 0.025 0.065
25-30 13 4 0.225 0.020 0.072
30-35 9 4 0.125 0.020 0.114
35-40 5 0 0.125 0.000 0.000
40-45 5 2 0.075 0.010 0.100
45-50 3 1 0.050 0.005 0.080
50<= 2 2 0.000 - -

S(0) = 1.0, S(5) = 35/40 = 0.875, S(10) = 28/40 = 0.700, . . . .
f(0) = 0, f(5) = 5 /(40 x 5) = 0.025, f(10) = 7 /(40 x 5) = 0,035, . . . |
h(0) = 0, h(5) = 5 /[(40 — 5/2) x 5]= 0.027, h(10) = 7 /([(35 - 7/2) x 5] = 0.044, . . ..

h(t) = f(t)/S(t)

h(t)
S(t) T
S(t) h(t)
Proportional Hazard Model
Log-rank test event event
log-rank
test Log-rank test

Proportional Hazard Model (Cox regression
model)

h(t) = ho(D)exp(Bixy +. ... + BiXy)
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Xiy o oovonn X ho(t) baseline,
h(t) exp0 =1

(1) z=p/seB)
(2) 2-sided a level significance test
Zye I 7.4 accept Hy

Zoso P2, 7> 244y . FEject Hy

Ln[h(t)/h0(t)) = Xy + .. .. + BiX

1) (0) (dichotomous)
2 sided 95% CI = e %)
C1 = Bi — Zogrs Se (B)
C2 = Bi *+ Zogrs se (B)

(continuous)
2 sided 95% CI = e %)

Ci=  [Bi—zogrss€ (B))]

Co=  [Bi+ Zoorsse (Bi)]

Cox proportional-hazard model  multiple logistic regression model  event



Proportional Hazard Model

Log-rank test

test

model)

h(t) = ho(t)exp(Bax, + .. ...

X1y o X
h(t)

Hy B =0

Ha Bi #Z0

(3) z=PB/seB)

event

Log-rank test

event

log-rank

Proportional Hazard Model (Cox regression

+ Bixu)

ho(t)
exp0 =1

(4) 2-sided a level significance test

Zoye 2 Zy.ap acCept Hg

Zoso P2, 7> Zy.4s . FEjECt Hy

Ln[h(©)/h0(t)) = B,x, + .

(1)

2 sided 95% CI = e %)

C1 = Bi — Zog7s S€ (B)
Co = PBi + ZogrsS€ (B)

Cox proportional-hazard model

R

©)

(continuous)
2 sided 95% CI = e e%9)
Ci = [Bi— Zogrsse (Bi)]

Co=  [Bi+ Zoorsse (B)]

baseline,

(dichotomous)

multiple logistic regression model

event
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