PASS Sample Size Software NCSS.com

Chapter 874

Kaplan-Meier Tests for Paired Survival Data

Introduction

This module computes the sample size and power for tests of the weighted integrated survival difference
for paired subjects (such as twins or eyes). The design parameters include uniform accrual for a fixed time
followed by a fixed period of follow-up. It includes a loss to follow-up parameter. It is used to compare the
survival of two groups, usually treatment and control.

The procedure is documented in Su, Li, and Shyr (2014).

Technical Details

Integrated Survival Difference for Paired Subjects Test Statistic

The following details follow closely the results in Su, Li, and Shyr (2014).

Suppose N pairs of subjects are enrolled in a study during the accrual period of length t, and then observed
during a follow-up period of length t. Let T;; and T,; denote the bivariate survival-time variables with
marginal cumulative hazard functions A, (t) for A,(t).

The null hypotheses to be tested is Hy: A1(t) = A,(t) versus the alternative hypothesis H,: Aq(t) # A, (t)
for some t > 0. Let C; denote the censoring time of the it pair. It is assumed that the C; are independent of
T;; and Ty;. Let X; = min (Ty;, C;) and Ag;= 1(Ty;, C;)- Furthermore, let Y;(t) =1 (X; > t) and Yy (t) =

N Y (t). Let the Kaplan-Meier estimates for the two groups be defined as S; (t) and S, (t).

The integrated survival difference test statistic (KM) is defined as
KM = f w(t){S;(t) — S,(t)}dt
0

where w(t) is a specified weight function.

Under the alternative hypothesis, KM is asymptotically normal with mean u and variance o2 where
p=[ WO © - s,
0
0% = o} + 0} — 204,

where

2 _ fwAi(u)ﬂk(u)d
0

%) PAgzw)
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012=f fAl(ul)Az(uz)Glz(ULuz)du1duz
o Jo

o)

A (1) =f w(u)S; (w)du

t

and Gy, (uq,uy), A (w), and P(Xy; = u) will be defined later.

Power Calculation
The sample size calculations below make the following assumptions
1. The paired subjects are accrued and censored at the same time points.

2. Pairs are uniformly accrued and then followed for a common period of t. The accrual period is t,
and the following period is 5.

3. The lost to follow-up is assumed to be exponentially distributed with hazard rate is v.
4. The paired KM test will be used for the data analysis.

5. The dependency in survival times within each pair is modelled by the positive stable frailty model
based on the frailty coefficient 8 which is functionally related to the correlation between survival
times Ty; and Ty;.

6. Assume that the marginal survival distributions are exponential as defined below.

Based on these assumptions, we define the following relationships

1 118
S(ty,t;) = exp <— [(Altl)g + (Aztz)g] >
S (t) = P(Ty, = tg) = exp(—Ait) fork = 1,2

The censoring time distribution is

(exp(—vt) ift <tr

t—t
G(t) = exp(—vt)[l— f] ifty <t <t,+t;

a

0 otherwise

The correlation between survival times Ty; and T,; is based only on the frailty coefficient as shown in the
following definition

du,du, — 2

_ fom fom{sl(tp t2) — S1(81)S,(t2)} dty dt, J f S (ul,uz)

Jvar(Ty;)var(Ty;) Uy

where a change of variables is made from t;, to u; = exp(—t;). Note that the denominator of the second
integral was inadvertently left out of Jung (2008) and was supplied by the author.
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The numerator function becomes

1 149
Su(uq,up) = exp [—{(— logu,)? + (— loguz)e} ]

which only depends on 6. This gives a functional relationship between the frailty and the correlation which
can be solved numerically.

Su, Li, and Shyr (2014) show that the mean and variance of the normally distributed test statistic KM are
given by the following. Note that Su, in a private communication, indicated that we should use the formulas
as represented in the R code, which leaves the parameter v out of several of these formulas.

ta+tf 1 ta+tf
o= J et —etatldt—— [ (¢ - t)[e Mt — e~Hat]de
0 ta tf

0% = of + o} — 204,

where

tatty AZ (t)
2 _ k —
O —AR{L Wdt} fork =1,2

tatty rtatty A, (t1)A5(t2)G(ty V t5)S(ty, ts)
012 :J f dA(tq, t3)
0 0

G(t;)G(tp)e”Pata)t
0 ift >ty +t;

tatty 1 tatty
exp(—A,u)du — — t—te)exp(—A,u)du iftp<t<t,+t
Ak(t)=<ft p(—Axw) taft ( f) p(—Axw) f aTlf

tatty 1 (tatts
f exp(—A,u) du — = (t - tf)exp(—lku) du ift <t
\ t a tf

dA(ty, tz) = {A(t1, t2) — 25 [/11|2(t1|t2)] -4 [/12|1(t2|t1)] + A1 4, }dty dt;,

1q 1 1,6-2 1 1Y 1-9
A(ty, t2) = 212, (A4 4,t4t,)0 {(/11%)9 + (/12t2)9} [{(Altl)e + (/12t2)0} +T]

1 1 1,61
o (el tir) = A (et ) {(/’lltl)§ + (Aztz)ﬁ} fork = k' € {1,2}

Note that (X VY) = max(X,Y).

Using these results, the power of a two-sided test for a particular N (humber of pairs) is given by

VN
Power = ® <Zl_a/2 - T”)
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The required number of events is
E=N(d{+d5)
where

di = 1— (1 - exp(—Agty) <M>

Akta
This power formula can be rearranged to give the following formula for the number of pairs.

2
2
o (21—% + Zl_[g>

N = -

To make certain that the required power is attained, the computed N is rounded up to the next integer and
then the power is recomputed with this final value of N.

Alternative Hazard Rate Input Types

The hazard rates A and A, can be given in terms of the hazard ratio HR, the median survival times My and M,
or the cumulative survival proportions S1 and S; at time to. These various parameters are transformed to
hazard rates using

A
HR=2t
A2
_log2  —logSi(to)
M to
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Example 1 - Finding Sample Size

A researcher is planning a trial to compare the ability to stop blindness of a new treatment versus the
current treatment in subjects that have been recently diagnosed with diabetic retinopathy in both eyes.
Each subject will receive both treatments, randomized to the eyes.

A prior study has been used to set the hazard rate of the treatment group to 0.012 and of the control group
to 0.021. The power is set to 0.90 and the two-sided significance level to 0.05. Given the annual rates of
enrollment, the accrual time is set to 0.85.

The researcher would like to compare the sample requirements if the follow-up period is 1, 2, or 3 years and
if the lost to follow-up hazard rate is 0, 0.05, or 0.10.

Setup

If the procedure window is not already open, use the PASS Home window to open it. The parameters for this
example are listed below and are stored in the Example 1 settings file. To load these settings to the
procedure window, click Open Example Settings File in the Help Center or File menu.

Design Tab

SOIVE FOI .oiiiiiiiiet et Sample Size (Number of Pairs)
Alternative Hypothesis ............cccvieeiiiiiiiiinins Two-Sided

POWET ....ccoiiiiiiiiiiiiiiiiiiiiiiiieeeeee 0.90

Alpha... ..o 0.05

Ta (Accrual TImMe) .....eeeveeeiiiiiiiiieee e 0.85

TF (Follow-Up Time) ...cceveeiiiiiiiiieee e 123

v (Lost to Follow-Up Hazard Rate)................. 0.00.050.1

Hazard Rates Input TYpe .......coccuviiereeeiiiiiins M, A2 (Hazard Rates)
A (Hazard Rate - Group 1) ....vevveveeeviiinnnnnn. 0.012

A2 (Hazard Rate - Group 2) ......ccccoeevviviinennn. 0.021

Frailty Input TYPe ...cvveeeiiieee e © (Frailty Coefficient)
O (Frailty Coefficient)........cccccceeviiiiiiiieneeenn, 0.3
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Output

Click the Calculate button to perform the calculations and generate the following output.

Numeric Reports

Numeric Results

Solve For: Sample Size (Number of Pairs)
Groups: 1 = Treatment, 2 = Control
Hypothesis Type: Two-Sided
Test Statistic: Integrated Survival Difference Test Based on Two Kaplan-Meier Survival Estimates
Data Distribution: Exponential
Accrual Type: Uniform
Sample Size Lost to

—— Follow-Up Time Hazard Rate

Number Number Hazaad ————— Hazard ——M8M Frailty Within-Pair

of Pairs  of Events Rate Accrual Follow-Up Ratio Treatment Control Coefficient Correlation
Power N E v Ta Tf HR M A2 e p Alpha
0.90036 749 34.8 0.00 0.85 1 0.57143 0.012 0.021 0.3 0.8029 0.05
0.90017 782 36.3 0.05 0.85 1 0.57143 0.012 0.021 0.3 0.8029 0.05
0.90021 817 37.9 0.10 0.85 1 0.57143 0.012 0.021 0.3 0.8029 0.05
0.90003 453 355 0.00 0.85 2 0.57143 0.012 0.021 0.3 0.8029 0.05
0.90007 487 38.1 0.05 0.85 2 057143 0.012 0.021 0.3 0.8029 0.05
0.90048 524 41.0 0.10 0.85 2 0.57143 0.012 0.021 0.3 0.8029 0.05
0.90086 326 35.7 0.00 0.85 3 0.57143 0.012 0.021 0.3 0.8029 0.05
0.90023 360 39.5 0.05 0.85 3 0.57143 0.012 0.021 0.3 0.8029 0.05
0.90020 398 43.6 0.10 0.85 3 0.57143 0.012 0.021 0.3 0.8029 0.05

Power The probability of rejecting a false null hypothesis when the alternative hypothesis is true.

N The number of pairs, assuming no subject lost to dropout or follow-up during the study.

E The total number of events (failures) in both groups expected during the study.

v The lost to follow-up hazard rate. This can be converted to the proportion lost to follow-up during a single time
period.

Ta The length of the accrual time during which subjects are added to the study.

Tf The length of the follow-up time after the last subject is added to the study.

HR The hazard ratio is the treatment group's hazard rate divided by control group's hazard rate. HR = A1/ A2.
M The hazard rate of the treatment group.

A2 The hazard rate of the control group.

(S) The frailty coefficient is an index of the frailty (propensity to die) in the next instant. This value varies from 0 to 1.
Subjects with higher frailty coefficients tend to die sooner than those with a lower frailty.

p The within-pair correlation coefficient is the correlation between the two items of a pair. It is related to the frailty

through a complicated, functional relationship.
Alpha  The probability of rejecting a true null hypothesis.

Summary Statements

A paired design will be used to test whether the treatment group hazard rate is different from the control group
hazard rate. The comparison will be made using a two-sided, integrated survival difference test based on two
Kaplan-Meier survival estimates from paired data, with a Type | error rate (a) of 0.05. It is assumed that the
survival time distribution is approximated reasonably well by the exponential distribution. The lost to follow-up
hazard rate is assumed to be 0. The accrual time will be 0.85 and the follow-up time (time after complete accrual)
will be 1. The frailty coefficient will be 0.3 and the corresponding within-pair correlation coefficient will be 0.8029.
To detect a hazard rate of 0.012 in the treatment group when the hazard rate of the control group is 0.021, with
90% power, the number of needed pairs will be 749. The expected number of events from both groups during the
study is 34.8.
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These plots show the relationship between sample size, follow-up time, and v.
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Example 2 - Validation using Su, Li, and Shyr (2014)

Su, Li, and Shyr (2014) page 48 provide Table B.2 which gives sample size results for two-sided tests for
several parameter combinations. We will use the result in the third row, first column as the validation
example for this procedure. In this example, power = 0.80, alpha =0.05,Ta=3,Tf=2,4; = 0.35,4, = 0.5, v
=0.1, and 8 = 0.3. The authors report an N of 37.

Setup

If the procedure window is not already open, use the PASS Home window to open it. The parameters for this
example are listed below and are stored in the Example 2 settings file. To load these settings to the
procedure window, click Open Example Settings File in the Help Center or File menu.

Design Tab
SOIVE FOI .oiiiiiiiiet et Sample Size (Number of Pairs)
Alternative Hypothesis ...........oocciieeiiiiiiiiinies Two-Sided
POWET....cciiiiiiiiiiii e 0.8
Alpha.....ooo e 0.05
Ta (Accrual TIme) .....eeeveeeiiiiiiiiieee e 3
TF (Follow-Up Time) ...cceeeeviiiiiiiieeeeeeciiieeen. 2
v (Lost to Follow-Up Hazard Rate)................. 0.1
Hazard Rates Input TYpe........cccvvvvvereeeiiiiinnnns M, A2 (Hazard Rates)
M (Hazard Rate - Group 1) .....ceveeeeiviiiiiieennn. 0.35
A2 (Hazard Rate - Group 2) ......cccceeevviiviieennn. 0.5
Frailty InpUt TYPE ...cooviiiiiieieee e © (Frailty Coefficient)
© (Frailty Coefficient).........cccccveiiiiiiiininen. 0.3

Output

Click the Calculate button to perform the calculations and generate the following output.

Numeric Results

Solve For: Sample Size (Number of Pairs)
Groups: 1 = Treatment, 2 = Control
Hypothesis Type: Two-Sided
Test Statistic: Integrated Survival Difference Test Based on Two Kaplan-Meier Survival Estimates
Data Distribution: Exponential
Accrual Type: Uniform
Sample Size Lost to

—— Follow-Up Time Hazard Rate

Number Number Hazard ———— Hazard ——mMmMm8™ Frailty ~ Within-Pair

of Pairs  of Events Rate Accrual Follow-Up Ratio Treatment Control Coefficient Correlation
Power N E \Y Ta Tf HR M A2 e p Alpha
0.80802 37 55.6 0.1 3 2 0.7 0.35 0.5 0.3 0.8029 0.05

PASS has also calculated N to be 37.
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