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KEY SUMMARY

e Successful work for binary and ordinal, but a challenge for
survival.

e Application to logrank is difficult, hence interval censored
approach.

* |mpact: -minimize sample size,

-facilitate multiple testing procedures

Objectives: -derive an estimator for the correlation
-investigate properties
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Interval-censored survival

e Survive past time t? Yes or No.

No. of events (Failure) O O¢ o
No. of patients survived (Success) re - Og rc- Oc r-o
Total re M r

e The log hazard ratio,
6 =—log{-logS.(t)} +log{-log S.(t)}

where S, is the survivor function of patients on experimental.
2
g (r—ojr.r
Z = E{ [0 — 'O} V= ==
0 o(r -1

where q = -log(1-0/r).
 For large samples and small 6, Z ~ N(6V, V)




Bivariate score tests

\Z'V'/va r(Z')
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Estimator for Correlation

e Correlation, P, =C,, | JVV,

e Covariance derived from cloglog link for
uncensored data,

_ GOulelic
C12 — (r1012 - 0102)
00,1

where r,=r,=r,,=n (sample size).



Interval- censored blvarlate survival

m

Failure Success Total
Failure FF SF O,c
E Success FS SS O
Total O4c F1c = Mac™ Mac

* With censoring, complication arises

Failure Success Missing Total
Failure FF SF MF 0,c
- Success FS SS MS 05
2 Missing  FM SM MM m,
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Interval-censored bivariate survival

double failure, 04> L
(0, 1) (1, 3) (3, 6) (6,12) >12
treatment E C E C E C E C E C
(0, 1) 15 10 5 10 1 2 2 1 0 0
(1,3) | 18 26| 3 10| 2 1 & 0| 0 O
T, (3, 6) 6 2 5 5 1 1 1 2 0 0
(6,12) 3 9 2 1 3 2 0] 0] 0 0
>12 0 0 0 0 0 0 0] 0] 0 0
T
cov(Zyj, Zy;) (0, 1) (1, 3) (3, 6) Ly, Vy;
(0, 1) 1.274 1.477 0.137| -1.219 11.482
(1, 3) 5.366 0.664 -0.303| 1.464 16.275
T2 (3, 6) -0.775 1.469 -0.237| -2.969 5.717
(6,12) 1.103 -0.196 : 0.687 4.917
7, 9.383 2.654 2.640 57, @
Vi 30.515 18.199 7.088 >V, 55.802
2V> Ci2
-2.037) 38.391 9.980|




Simulation Study

T, ~ Exp(Ae®), T, ~ Exp(Ae®),

Distribution e s~ N(0, 62); o =c(log A; - log A),
c=1,2and4.
o \V¥=k*n
Theory o V*={(u,+ ug)/6g}*
e 6:2=10.51/k*n o

e Generate n=1 millionto get k*

e T, and T, splitinto 5 intervals of (0, 1),
(1, 3), (3, 6), (6,12) and (>12) months.

*Fix n=1,000 to get 6,
*Run 10,000 replicates under H,, H, to get a, 1-B,

Ci2 Pcr2 N
*Compute sample covariance, Cov(Z,, Z,), Pgoy a, 1-B, Cya) Peet»

Part I
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Case 1: Uncensored

Ho
C
Qg a; QL+ Pc12 Pcov
1 | 0.026] 0.023| 0.024| 0.014| 0.026
2 | 0.024] 0.021| 0.024| 0.097| 0.105
4 | 0.024] 0.024 0.027| 0.295| 0.329
H;
C
1-B1 | 1-B2 | 1B+ | Pciz | Peov
1 | 0.68] 0.69/0.93\ 0.029| 0.024
2 | 0.70] 0.70/\0.92f 0.100| 0.103
4 | 059 059 0.78] 0.295| 0.326

e Type l error within 95% Cl (0.022, 0.028).

A Uncensored: HO

w Uncensored: HL

——Linear (Uncensored: HO)

0.40

Q.
pC12

0.20
0.10
0.00

0.00

1 y=0.9151x -0.005

2,10  0.20 0.30 0.40

pCov

e Accurate power, hence worth including both times; 95% ClI
(0.089, 0.91).
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Case 2: General

 For subjects who are related, e.g. twins, married couples,

0 Kooeneanennneanes 1
T
AV4
0 C, T,
where r,zr,zr,, Zn
Ho
C
o8] 05 Ol Pc12 P cov
1 0.025] 0.024( 0.024| 0.026| 0.021
2 0.024] 0.025( 0.025| 0.097| 0.087 oc12
4 0.025] 0.025( 0.025| 0.282| 0.260
Hj
C
1-B1 | 1-B2 | 1-B+ | pcrz P cov
1 0.60| 0.66 (0.9@ 0.031( 0.022
2 0.61f 0.65| 0.87| 0.100| 0.092
4 0.51( 0.53| 0.71] 0.282| 0.267
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Case 3: Paired Organs

e For similar physically related parts of a person, e.g. right/left
eye or knee or kidney; wherer,=r,=r,

Tl C AV
| T,
HO 0,45 -
C 0.40 - ot
olq ol QL+ Pc12 P cov 0.35 -
1 | 0.024| 0.025//0.026\ 0.047| 0.046 0.30 1
2 | 0.026| 0.025] 0.028]] 0.126| 0.140 0:23 -
0,20 - y=0.9096x + 0.0028
4 |0.026| 0.024 o\.ol:lz/7A 0.332] 0361 ,c12 .. |
1 010 4 .,
c iy
1-B1 | 1-B2 | 1-B+ | Pci2 Pcov Zzb | | |
1 | 063 0.63/(0.89] 0.052 0.047 000 020 040 00
2 | 063| 063 0.86] 0.130] 0.128 .
4 | 052 053] 069 0330 0.348

e Accurate power, but slightly inflated Type | error.
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Case 4: Successive Events

e Forrecurrent events; e.g. 1%t, 2"d seizures ; where r,>r,=rg,

T T, +T,
Ho 0.80
¢ 0.70 -
o 51 Q> ﬂ*\\ Pc12 Pcov o | /
1 | 0.025| 0.023}/0.009\ 0.482| 0.006 50 |
2 |0.024] 0.026| 0.008|| 0.558| 0.043| ,c1p ,,, | V72020470
4 |0.024 0.024\0\.00_/74 0.708| 0.116 .
C Hy 0.20
1-B1 | 1-B2 | 1-B+ | Pci2 | Pcov 0.10
1 | 0.85 0.60|( 0.91) 0.490| 0.012 0.00
2 | 0.79] 0.50] 0.82| 0.563] 0.055 0.00 005 010 015
4 | o0.60| 0.28| 0.51| 0.708| 0.118 peov

e Power is accurate, but type | error rate is too conservative.
e Derived correlation is doubled!
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Conclusions/Further Work

e Guaranteed Type | error rates.
 Achieved accurate power of test.

* Good estimation of p.,, for bivariate
correlated interval censored survival data,
except for successive events.

e Further work:
— Overcome inflation of Type | error
— Resolve issues of p,, for successive events
— Compare with Wei, Lin & Weissfeld method
— Adjust for covariates
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All Results
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