
PROBLEM SETS

1. Rates and their properties

1. Anexpression for an average approximate rate from timet to timet + δ is

Rt =
S(t) − S(t + δ )

δ (1
2)[S(t) + S(t + δ )]

.

SupposeN = 10,000 andS(t) = e−λ t = e−0. 015t .

Find R20 andR60 for δ = 10.0.

Find R20 andR60 for δ = 1.0.

Find R20 andR60 for δ = 0.1.

2. Show that:
δ
2

[S(t) + S(t + δ )] = δ [S(t + δ ) + 1
2 d(t)] = δ [S(t) − 1

2 d(t)]

whereS(t) = P(T ≥ t) and d(t) = S(t) − S(t + δ ).
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3. Binomial/normalbased conŒdence interval:

If X = 4 outcomes occur amongN = 200 possibilities, then the proportion̂q = X /N =
4/200 = 0.02 is an estimate of the underlying binomial probabilityq.

Construct an approximate normal based conŒdence interval from this estimate, where

lower limit = q̂ − 1. 960√ variance(q̂) = _________________?

upper limit =q̂ + 1. 960√ variance(q̂) = _________________?

4. Usingthe data in problem 3, apply a logistic transformation to create a 95% conŒ-
dence interval.

Construct an approximate normal based conŒdence interval using the logistic transformed
estimate ^q (denoted̂l ), where

lower limit = l̂ + 1. 960√ variance(l̂) = _________________?

upper limit =l̂ − 1. 960√ variance(l̂) = _________________?

Now, use this result to estimate a 95% conŒdence interval based on̂q

lower limit = _________________?

upper limit = _________________?

Note the exact bounds are (0.0055,0.0504).

5. Usethe logistic transformation to investigate the differences in prostatic cancer rates
between married and single men, for both races and for whites and blacks separately.

Prostatic cancer by race, age and marital status: cases (1969-71)

white black

age 35-44 45-54 55-64 35-44 45-54 55-64

single 3 11 18 1 4 2
married 16 100 187 2 11 29
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Prostatic cancer by race, age and marital status: populations

white black

age 35-44 45-54 55-64 35-44 45-54 55-64

single 74,457 61,665 46,009 12,374 7,569 4,492
married 923,669 929,227 670,266 79,874 75,641 54,154

Prostatic cancer by race, age and marital status: logistic transformed values

white black

age 35-44 45-54 55-64 35-44 45-54 55-64

single _______ _______ _______ _______ _____________

married _______ _______ _______ _______ _______ ______

Prostatic cancer by race, age and marital status: variances

white black

age 35-44 45-54 55-64 35-44 45-54 55-64

single _______ _______ _______ _______ _______ ______

married _______ _______ _______ _______ ____________

A contrast is de®ne asÃc = Σ ai
Ãl i when theÃl i-values are logistic transformed proba-

bilities andΣ ai = 0. The variance of a contrast isvariance(Ãc) = Σ a2
i variance(Ãl i). For

example, a contrastÃc = l1 + l2 − (Ãl3 + Ãl4) has an estimated variance ofvariance(Ãc) = vari-

ance(Ãl1) + variance(Ãl2) + variance(Ãl3) + variance(Ãl4).
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Test the three conjectures with the above data and calculate the associatedp-value:

(i) singledoes not differ from married in prostatic cancer risk -- all men

(ii) singledoes not differ from married in prostatic cancer risk -- white only

(iii) single does not differ from married in prostatic cancer risk -- black only

6. Heterogeneityof qi:

Tw o basic rules of variance are: (1)Σ variance(xi) = variance(Σ xi) when thexi-values
are uncorrelated and (2) for the constanta, variance(axi) = a2variance(xi), always.

Show that whenÃq = Σ ni Ãqi /n, then thevariance( Ãq) isΣ ni Ãqi(1 − Ãqi)/n
2 when Ãqi = xi /ni,

variance(xi) = ni Ãqi(1 − Ãqi) and n = Σ ni.

Create an example using a sets of hypothetical numbersxi andni (qi = xi /ni) that demon-
strate thatÃnq(1 − Ãq) − Σ ni Ãqi(1 − Ãqi) = Σ ni( Ãqi − Ãq)2 where Ãq = Σ xi /n.
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Basic data set: Leukemia clinical trial data

A clinical trial to evaluate the ef®cacy of maintenance chemotherapy for acute myeloge-

nous leukemia (AML) was conducted by Embury et al. at Stanford University. After

reaching a state of remission through treatment by chemotherapy, the patients who

entered the study were randomized into two groups. The®rst group received mainte-

nance chemotherapy and the second or control group did not.The objective of the trial

was to see if maintenance chemotherapy prolonged the time until relapse; that is,

increased the length of remission time.

These data are be used for many of the following problems.

Preliminary data collected during the course of the trial are (in weeks):

Maintained (n1 = 11)

remission times:9, 13, 13+ 18, 23, 28+, 31, 34, 45+, 48, and 161+

Nonmaintained (n0= 12)

remission times:5, 5, 8, 8, 12, 16+, 23, 27, 30, 33, 43, and 45

+ = censored
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2. Product-limit estimation

1. Fill in the following table using the leukemia clinical trial data (maintained group)
ignoring the censoring and deleting the tied values (13+) (arti®cially completed data).

interval deaths at-risk probability probability survival std. error

i ti−1 - ti di ni Ãqi Ãpi
ÃPk √ Vi

*

1 0 - 9  ____ ____ ____ __________ __________ __________

2 9 - 13 ____ ____ ____ __________ __________ __________

3 13 - 18 ____ ____ ____ __________ __________ __________

4 18 - 23 ____ ____ ____ __________ __________ __________

5 23 - 28 ____ ____ ____ __________ __________ __________

6 28 - 31 ____ ____ ____ __________ __________ __________

7 31 - 34 ____ ____ ____ __________ __________ __________

8 34 - 45 ____ ____ ____ __________ __________ __________

9 45 - 48 ____ ____ ____ __________ __________ __________

10 48- 161 ____ ____ ____ __________ __________ __________

* = Vi = ÃPi(1 − ÃPi)/ni.

2. Estimatethe mean survival time two ways.

Ãµ M = ______________________?

Estimate the median survival time.

Ãt0. 5 = ______________________?
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3. Show for unique and complete data wherei = 1, 2,3, . . ., n, that

Σ ÃPi−1(ti − ti−1) = Σ ti−1( ÃPi−1 − ÃPi) =
1
nΣ ti = t note: ÃP0 = 1 and ÃPn = 0.

4. Fill in the following table using the leukemia clinical trial data accounting for the
impact of the censored data.

MAINTAINED

interval deaths at-risk probability probability survival std. error
i ti−1 - ti di ni Ãqi Ãpi

ÃPk √ vi
*

1 0 - 9  ____ ____ _________ _________ _________ _________

2 9 - 13 ____ ____ _________ _________ _________ _________

3 13 - 18 ____ ____ _________ _________ _________ _________

4 18 - 23 ____ ____ _________ _________ _________ _________

5 23 - 31 ____ ____ _________ _________ _________ _________

6 31 - 34 ____ ____ _________ _________ _________ _________

7 34 - 48 ____ ____ _________ _________ _________ _________

* = vk = ÃP
2
k Σ Ãqi

Ãpi ni
(Greenwood's expression for the variance ofÃPk for i = 1, 2,. . . k).

Estimate the mean survival time Ãµ M = ________________?

Estimate the survival probability ÃP5 = _________________?

Construct an approximate 95% con®dence interval based onÃP5.

lower bound = ________________?and upperbound = _________________?

Estimate the median survival time Ãt0. 5 = ________________?

Construct an approximate 95% con®dence interval based on the estimated medianÃt0. 5.

lower bound = ________________?and upperbound = _________________?



-8-

Plot the estimated survival distribution.
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5. Fill in the following table using the leukemia clinical trial data accounting for the
impact of the censored observations.

NONMAINTAINED

interval deaths at-risk probability probability survival std. error
i ti−1 - ti di ni Ãqi Ãpi

ÃPk √ vi
*

1 0 - 5  ____ ____ ________ _________ _________ _________

2 5 - 8  ____ ____ ________ _________ _________ _________

3 8 - 12 ____ ____ ________ _________ _________ _________

4 12 - 23 ____ ____ ________ _________ _________ _________

5 23 - 27 ____ ____ ________ _________ _________ _________

6 27 - 30 ____ ____ ________ _________ _________ _________

7 30 - 33 ____ ____ ________ _________ _________ _________

8 33 - 43 ____ ____ ________ _________ _________ _________

9 43 - 45 ____ ____ ________ _________ _________ _________
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Estimate the mean survival time Ãµ NM = ________________?

Estimate the survival probability ÃP5 = _________________?

Construct an approximate 95% con®dence interval based onÃP5.

lower bound = __________________and upperbound = _________________?

Estimate the median survival time Ãt0. 5 = ________________?

Construct an approximate 95% con®dence interval based on the estimated medianÃt0. 5.

lower bound = __________________and upperbound = _________________?

Plot the estimated survival distribution.
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3. Life tables

1. Ingeneral,L x = (l x − d x) + ax d x but the last open-ended interval is a special case and
L x+ = (l x+ − d x+) + ax+ d x+ , then

l x+ − d x+ = ________? and ax+ = _______? makingL x+=
l x+

Rx+

whereRx+ is the current mortality rate for individuals age beyond x.

Verify that L90+ = 51,572 in Table 1.0 (Lecture 3 -- Table 1.0).

2. A population is sampled to determine the probability of illness.A total of N days are
recorded where it is determined that an individual is ill, well or status is unknown. That
is,

y days ill +n days well +k days status unknown = N total days (y + n + k = N ).

Tw o possibilities for estimating the probability a person from this population is ill are:
(i) strategy: ignorethe k days where the status is unknown,
(ii) strategy: assumethat the probability of illness is the same for days when the status

is known and unknown (i.e., days where status is unknown occur at random).

If y = 20, n = 100 andk = 30, calculate the probability of illness both ways.

Demonstrate that strategy (i) and strategy (ii) are identical in general.

3. Data-- survival times:

45.5, 70.5, 26.8, 1.7+, 21.5+, 78.1+, 11.6, 38.5+, 0.5, 37.5, 29.1+, 31.3+,
31.3, 50.0, 2.0, 45.1, 49.3, 23.5+, 9.1, 10.3+, 65.9, 12.7+, 0.3, 57.7+,
30.0, 57.7+, 24.6+, 15.1+, 18.0, 15.9
(13 censored and 17 complete observations).
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Fill in following life table:

i interval deaths censored li l′
i Ãqi Ãpi

ÃPk

1 0 - 10 _____ _____ ______ ______ ________ ________ ________

2 10 - 20 _____ _____ ______ ______ ________ ________ ________

3 20 - 30 _____ _____ ______ ______ ________ ________ ________

4 30 - 40 _____ _____ ______ ______ ________ ________ ________

5 40 - 50 _____ _____ ______ ______ ________ ________ ________

6 50 - 60 _____ _____ ______ ______ ________ ________ ________

7 60 - 70 _____ _____ ______ ______ ________ ________ ________

8 70 - 80 _____ _____ ______ ______ ________ ________ ________

9 80 - 90 _____ _____ ______ ______ ________ ________ ________

10 90- 100 _____ ______ _____ ______ ________ ________ ________
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4. Thesurvival probabilities from John Graunt's life table are:

age 0 10 20 30 40 50 60 70 80 90

P x 1.0 0.54 0.34 0.21 0.14 0.08 0.05 0.02 0.01 0.00

Plot the survival curve from these17th century data.
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John Graunt’s life table and S(t)

Calculate the crude mortality rate (λ) from Table 2.0 (Lecture 3).Estimate and display
the exponential survival curve ÃS(t). Thatis, for t from 0 to 90, plotÃS(t) = e− Ãλ t on the
same set of axes. Interpretation?
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5. Calculatea three-year survival probability from the following cohorts of data, include
the standard error and a 95% con®dence interval (x = time survived from diagnosis):

DATA

year x to x +1 l x d x ux wx

1996 0-1 9 3 1 --
1-2 5 1 0  --
2-3 4 1 0  --
3-4 3 1 0  --
4-5 2 0 0  2

1997 0-1 17 10 0 --
1-2 7 0 0  --
2-3 7 1 0  --
3-4 6 2 2  2

1998 0-1 29 10 0 --
1-2 19 11 2 --
2-3 6 0 0  6

1999 0-1 34 10 0 --
1-2 24 3 3 18

2000 0-1 50 25 1 24

First, combine the cohort data into a summary table and estimate the effective number of
individuals at risk for each year after diagnosis (x to x +1), namelyl′x .

Calculation of a survival probability from cohort data:summary data

x to x + 1 l x d x ux wx

0-1 ________ ________ ________ ________

1-2 ________ ________ ________ ________

2-3 ________ ________ ________ ________

3-4 ________ ________ ________ ________

4-5 ________ ________ ________ ________
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Calculation of a survival probability from cohort data:computations

x to x + 1 l′x d x Ãqx Ãpx
ÃPk

0-1 ________ ________ ________ _______ ________

1-2 ________ ________ ________ ________ ________

2-3 ________ ________ ________ ________ ________

3-4 ________ ________ ________ ________ ________

4-5 ________ ________ ________ ________ ________

Estimate the three year survival probability ÃP3 = _________________________?

Construct an approximate 95% con®dence interval based on this estimate.

lower bound = _________________?and upperbound = _________________?

The variance of the distribution of the estimateÃPk is variance ÃPk = ÃP
2
k Σ Ãqi

Ãpi ni
(Green-

wood's expression for the variance ofÃPk for i = 1, 2, . . ., k).
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4. Two especially useful statistical tools

1. Theprobabilities from Poisson probability distribution are given by the expression

P(X = k) =
e−λ λ k

k!
.

Consider the random sample from a Poisson probability distribution (n = 10):

data (xi): 0, 2, 4, 0, 1, 2, 3, 0, 0 and 1

Construct the likelihood expression for these data based on the Poisson probability distri-

bution function. Speci®cally, for any value ofλ the likelihood valueL is
10

i=1
Π P(X = xi).

Evaluate the log-likelihood values:

for λ = 1.0 log(L) = _____________________?

for λ = 1.2 log(L) = _____________________?

for λ = 1.4 log(L) = _____________________?

for λ = 1.6 log(L) = _____________________?

Compute the mean valuex. x = ____________________?

Evaluate the log-likelihood values:

for λ = x log(L) = _____________________?

for λ = x ­ 0 .01 log(L) = _____________________?

for λ = x + 0.01 log(L) = _____________________?

With a bit of calculus, it can be shown that the maximum likelihood estimate ofλ is in
generalx ( Ãλ =x).
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Test the conjecture thatλ = 2:

Calculate log-likelihood forλ = x, then−2 log(L) = ____________________?

Calculate log-likelihood forλ0 = 2, then−2 log(L0) = ___________________?

Calculate the likelihood ratio chi-square statistic contrasting these two log-likelihood val-
ues to asses the likelihood thatÃλ andλ0 = 2 differ by chance alone.

p-value = ______________?

2. Usethe approximate relationship that

variance(x) = x2variance(log[x])

to show that

if variance(x) =
x2

n
, thenvariance(y) =

y2

n
wheny =

1
x

.
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5. Exponential Survival Probability Distribution

1. Usingthe AML clinical trial data compare the maintained and nonmaintained treat-
ment of the leukemia patients assuming the data are a random sample from exponential
survival distributions (constant but separate hazard rates).

Estimate the mean survival time in both groups

maintained: estimatedmean survival time = Ãµ M = ________________?

Construct an approximate 95% con®dence interval from the estimate.

lower bound = _________________? andupper bound = __________________?

nonmaintained: estimatedmean survival time = Ãµ NM = ________________?

Construct an approximate 95% con®dence interval from the estimate.

lower bound = _________________? andupper bound = __________________?

Estimate the rate of survival (relapse) in both groups

maintained: estimatedsurvival rate = Ãλ M = ________________?

Construct an approximate 95% con®dence interval from the estimate.

lower bound = _________________? andupper bound = __________________?

nonmaintained: estimatedsurvival rate = Ãλ NM = ________________?

Construct an approximate 95% con®dence interval from the estimate.

lower bound = _________________? andupper bound = __________________?
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Estimate the median survival time in both groups

maintained: estimatedmedian survival time = Ãt0. 5 = ________________?

Construct an approximate 95% con®dence interval from the estimate.

lower bound = _________________? andupper bound = __________________?

nonmaintained: estimatedmedian survival time = Ãt0. 5 = ________________?

Construct an approximate 95% con®dence interval from the estimate.

lower bound = _________________? andupper bound = __________________?

Estimate the exponential survival distribution in both groups and plot the estimated sur-
vival functionsÃSM(t) and ÃSNM(t) on the same set of axes.
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6. Weibull Survival Probability Distribution

Using maximum likelihood estimation and a computer algorithm, the estimated parame-
ters from the Weibull distribution (λ andγ ) applied to the leukemia clinical trial data are:

Maintained:

Ãλ M = 0.0145 with a standard error ofS Ãλ M
= 0.0053

Ãγ M = 1.032 with a standard error ofS Ãγ M
= 0.2859

Nonmaintained:

Ãλ NM = 0.0063 with a standard error ofS Ãλ NM
= 0.0012.

Ãγ NM = 1.574 with a standard error ofS Ãγ NM
= 0.3841

1. Construct95% con®dence intervals based on these estimates:

95% con®dence bounds

lower bound upper bound

Ãλ M _________________ _________________

Ãλ MN _________________ __________________

Ãγ M _________________ __________________

Ãγ MN _________________ ___________________

2. Estimatethe mean and median values based on the estimatesÃλ and Ãγ (Hint: gamma
values ofΓ(x) can be found on the internet (http://home.clara.net/sisa/gamma.htma --
enter the argumentx in the box labeled E/X):

maintained: estimatedmean value Ãµ M = ________________________?

maintained: estimatedmedian valueÃt0. 5 = ________________________?

nonmaintained: estimatedmean value Ãµ NM = ________________________?

nonmaintained: estimatedmedian valueÃt0. 5 = ________________________?
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3. Estimatethe hazard function for the maintained and nonmaintained samples of sur-
vival times and plot these two hazard functions on the same set of axes.
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Add to the plot the two hazard functions estimated for the exponential probability distri-
bution (last section -- problem set 5).

4. Isthe ®t of the Weibull distribution to the leukemia data substantially better than the
exponential distribution (problem set 5). Site the statistical evidence (test, con®dence
interval, plots . . .) for your answer.
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7. Two-sample analysis

1. Usingthe AML clinical trial data perform a log-rank test to assess the difference
between maintained and nonmaintained treatments groups.

Log-rank test

Fill in the following table

i interval ai
ÃAi variance(ai)

1 0 - 5  ________ __________ _____________

2 5 - 8  ________ __________ _____________

3 8 - 9  ________ __________ _____________

4 9 - 12 ________ __________ _____________

5 12 - 13 ________ __________ _____________

6 13 - 18 ________ __________ _____________

7 18 - 23 ________ __________ _____________

8 23 - 27 ________ __________ _____________

9 27 - 30 ________ __________ _____________

10 30- 31 ________ __________ _____________

11 31- 33 ________ __________ _____________

12 33- 34 ________ __________ _____________

13 34- 43 ________ __________ _____________

14 43- 45 ________ __________ _____________

15 45- 48 ________ __________ _____________

total -- ________ __________ _____________
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Compute the following summary values:

Σ ai = _________?, Σ ÃAi = __________? and variance(Σ ai) = ____________?

then, X2 = _________________? andp-value = _________________?

Calculate the values Ãci and ÃCi for the 15 intervals (tables) and compare observed sums
Σ ai andΣ ci to the corresponding sumsΣ ÃAi andΣ ÃCi with chi-square statistic.

then, X2 = _________________? andp-value = _________________?

2. Thefollowing values summarizes the Weibull survival model applied to the AML clin-
ical trial data:

parameter estimate std.error

intercept b0 ­3.180 0.241

group b1 ­0.929 0.383

shape γ 1.265 0.225

Estimate three selected percentiles for the maintained and nonmaintained groups.

percentiles 0.10 0.50 0.90

maintained _____________ _____________ _____________

nonmaintained _____________ _____________ _____________

Calculate thep-value in the table for the comparison of the two groups (maintained ver-
sus nonmaintained --b1 = 0?).

z = ____________ p-value = ____________?
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Estimateλ M andλ NM from the model coef®cients Ãb0 and Ãb1. Demonstrate numerically
that log( Ãλ NM / Ãλ M) = Ãb1Ãγ .

2. Plot the estimated survival functions for the maintained and nonmaintained samples of
clinical trial data using the product-moment estimates (nonparametric -- problem 2) and
the Weibull based estimates (parametric -- problem 6).Plot all four curves on the same
set of axes.
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3. Evaluate the difference in the shape parameters:Ãγ M = 1.032 with standard error =
0.286 andÃγ NM = 1.574 with standard error = 0.384.Note thatvariance(x − y) = vari-
ance(x) + variance(y) and

z =
(x − y) − 0

√ variance(x − y)

has an approximate standard normal distribution when no difference exists between the
two estimated valuesx andy. Therefore, evaluate the hypothesis thatγ M = γ NM .

X2 = _____________? p-value ___________?
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Another approach involves three log-likelihood statistics:

from the maintained group:�2 × log-likelihood (γ M ) = 71.408
from the non maintained group:�2 × log-likelihood (γ NM ) = 88.288
from the combined groups:�2 × log-likelihood (γ ) = 161.043

Use these three log-likelihood values to test the equally of shape parameters and compare
the results toz2.

X2 = _____________? p-value ___________?

4. Transform the survival probabilities from thetwo previously estimated product-
moment survival curves (maintained and nonmaintained) and plot the values. Thatis,
plot the pairs of valueslog(−log[ ÃPi]) and log(ti) for each survival function. Estimatetwo
survival functions [ÃSMN(t) and ÃSN(t)] based on the estimated Weibull two-sample model
and plot the "log-log" transformed straight-lines on the same set of axes.
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8. General Survival Model: Parametric

The leukemia data supplemented with the hypothetical ages of the children participating
in the trial are:

Preliminary data collected during the course of the trial are:

Maintained (n1 = 11)

remission times (in weeks):9, 13, 13+ 18, 23, 28+, 31, 34, 45+, 48, and161+

age (years):2, 2, 5, 1, 6, 4, 3, 1, 2, 1 and 2

Nonmaintained (n1= 12)

remission times (in weeks):5, 5, 8, 8, 12, 16+, 23, 27, 30, 33,43, and45
age (years):3, 5, 4, 2, 2, 1, 3, 3, 2, 5, 3 and 3

The results from three models used to describe these data are:

Three models (leukemia data)

a + b F + c (age − a) + d (F * [ age − a]) a + b F + c (age − a) a + b F

intercept (Ãa) � 4.480 �4.392 �4.020
group (Ãb) � 0.822 �1.094 �1.175
age (Ãc) 0.145 0.109 --
group× age (Ãd) � 0.076 -- --
Ãγ 1.267 1.310 1.264
log(L) � 80.376 �80.391 �80.521

a = mean of all 23 study participants = 2.826 andÃa = − Ãb0Ãγ , Ãb = − Ãb1Ãγ , Ãc = − Ãb2Ãγ and Ãd = − Ãb3Ãγ .

1. Comparinglog-likelihood values, evaluate the in•uence of the interaction term in the
model.

X2 = ___________? p-value = __________?
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2. Comparinglog-likelihood values, evaluate the in•uence of the age in the additive
model.

X2 = ___________? p-value = ____________?

3. Comparinglog-likelihood values, evaluate the in•uence of the treatment ignoring age.

X2 = ___________? p-value = ____________?

4. Usingthe additive model including both age and treatment, estimate and plot the base-
line survival function (that is,F = 0 = nonmaintained andage = a = mean[age]). Inaddi-
tion, estimate the survival function for the maintained group (that is,F = 1 and age = a =
mean[age]) and plot it on the same set of axes.
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5. Usingthe additive model including both age and treatment, again compute and plot
the baseline survival function (that is,F = 0 = nonmaintained andage = a = mean(age)).
In addition, estimate the survival function for the nonmaintained group for ages one and
®ve years and plot these curves on the same set of axes (that is,F = 0 and age = 1 and
age = 5 wherea = 2.826).
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9. General Survival Model: nonparametric

TWO MODELS (leukemia data)

The following again uses the leukemia data supplemented with the hypothetical ages
(Problem 8).

Model 1: Tw o-sample model -- F = 0 = nonmaintained and F = 1 = maintained

h1(t) = h0(t)e
B

1. Fill in the table:

B̂ Ŝ B̂ z-score p-value

treatments −0.904 0.152 _________________ _________________

2. Calculate the approximate 95% confidence for B (treatments).

lower bound _______________? upper bound _____________?

3. Estimate the hazard ratio = ĥr = _________________?

Calculate the approximate 95% confidence for the hazard ratio hr.

lower bound _______________? upper bound _____________?

Model 2: Tw o-variable additive model

h1(t | F , age) = h0(t)e
b1F + b2agei

4. Fill in the table:

b̂i Ŝ b̂i
z-score p-value

treatments −0.823 0.531 ____________ _____________

age 0.105 0.203 ____________ _____________
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5. Calculate the approximate 95% confidence for b1 (treatments).

lower bound ____________? upper bound _____________?

6. Estimate the hazard ratio associated with the treatments = ĥr = _________?

Calculate the approximate 95% confidence for the hazard ratio hr.

lower bound ____________? upper bound _____________?

7. Calculate the approximate 95% confidence for b2 (age).

lower bound ____________? upper bound _____________?

8. Calculate the hazard ratio associated with the combined influences of treatment and
age = 5 ( ĤR).

ĤR ____________________?

9. Calculate the confounding bias associated with the variable age.

bias ____________________?

10. The estimated parameters for the Weibull distribution applied to the two-sample
model are: λ̂0 = 0.0180, λ̂1 = 0.00554 and compare this ratio with the hazard ratio for
the cox model (treatment only).

Using these estimates to calculate the hazard ratio = hr ′ = _____________?

Compare the hazard ratios from the Cox and Weibull approaches.
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Survival Curves

Use the nonmaintained group as the "baseline function" and product-limit process to esti-
mate the survival curve Ŝ0(t).

11. Estimate the survival curve for the maintained groups Ŝ1(t) based on the estimate
Ŝ0(t) and the two-sample Cox proportional hazards model. Estimate the survival curves

for the nonmaintained ŝ0(t) and maintained ŝ1(t) assuming an underlying Weibull distri-
bution (i.e, the parameters previously estimated). Fill in the following table:

COX MODEL WEIBULL MODEL

time Ŝ0(t) Ŝ1(t) ŝ0(t) ŝ1(t)

5 ________ __________ _________ _________

8 ________ __________ _________ _________

12 ________ __________ _________ _________

16 ________ __________ _________ _________

23 ________ __________ _________ _________

27 ________ __________ _________ _________

30 ________ __________ _________ _________

33 ________ __________ _________ _________

43 ________ __________ _________ _________

45 ________ __________ _________ _________

12. Plot both Cox estimated curves (step functions -- Ŝ0(t) and Ŝ1(t)) on the same set of
axes. Also plot continuous (smooth line) versions of the Weibull estimated survival
curves ŝ0(t) and ŝ1(t) on this plot.
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Maintained and nonmainted survival curves

13. An alternative comparison is achieved by plotting one survival curve against the
other. If they correspond, the plotted points will randomly deviate from a straight-line
with slope = 1 and intercept = 0. Plot the points from the table -- Ŝ0(t) (x-axis) and ŝ0(t)
(y-axis). Add a 45o degree line.
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Then, plot the points from the table -- Ŝ1(t) (x-axis) and ŝ1(t) (y-axis). Add a 45o degree
line.
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