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QUESTION ONE

(@) Define the following words as used in Survival Analysis
i. Time - to- event.
ii. Distribution Function.
iii. Cumulative Hazard.

iv. Censoring.
v. Survival Function. [5 marks]
(b) Consider an exponential density function with parameter A = 2. Determine the
following;
i. hazard function. [2 marks]
ii. survival probability at time fifteen weeks. [2 marks]
iii. Mortality probability at any time. [2 marks]

(c) The table gives the data for a small sample of employees in a factory. It shows the
time in months until the first absence from work. Observations marked +, show
the time of leaving for those employees who left employment without being absent

from work.
Maleemployees 6" 11 13" 15 16" 19* 20

Female employees 2+ 4 7 8% 10" 12* 17 217
calculate the Kaplan Meier estimate of the distribution function. [9 marks]

(d) Most actuaries use the exponential distribution of the form

re At t> 0

o= 0, otherwise.

as a premise for follow up studies. Derive the survival function and the cumulative
hazard function, and comment on the structure of the hazard function. [6 marks]

QUESTION TWO

(@) The remission data times ( in weeks) for two groups of Leukemia patients was
recorded as follows
Treatment | Placebo
6,6,6,7,10,13,16, 22,23, 25+, 32+, 32+ 1,1,2,2,3,4,4,5,5,15,17
6+, 9+, 10+, 11+, 17+, 19+, 20+, 34+, 25+ | §8,8,8,8,11,11,12,12,22, 23

i. Determine the Kaplan Meier estimate of the distribution function of F (t). [6
marks]
ii. Hence estimate the variance at time 23 of the survival function. [5 marks]

iii. Carry out a Mantel-Haenszel test on the remission data at o = 0.05. [5 marks]

(b) For what reasons might lives be lost to the investigation if a study is carried out

i. a national investigation into the death from natural causes.
ii. a study of the mortality of life insurance policyholders. [4 marks]
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QUESTION THREE

(@)

(b)

(©)

The population of elderly people in a prison is observed during the period 1 January
1994 to 31 December 1996. The duration of residence (measured to the nearest
number of months) is recorded for those who die during the period, for those who
are released from the prison during the period and for those who are still in residence
on 31 December 1996. The recorded data measured in months are

6* 6 6 6 7 9* 10* 10 11* 13 16 17+ 20 23*

where + indicates those who were released from the prison during the period or
who were still in residence on 31 December 1996.

I. State the type(s) of censoring inherent in these data. [2 marks]
ii. Determine the product-limit (Kaplan-Meier) estimate of the survival function,
S(t), where t is the duration of residence in the prison. [7 marks]

iii. State the assumptions underlying the estimate in (ii), and explain how each of
these assumptions would apply to these data. [4 marks]

An investigation is carried out into the lifestyle of male accountants. A group of
10000 accountants is selected at random on 1 January 2001. Each member of the
group supplies detailed personal information as at 1 January 2001 including name,
address date of birth and marital status. The same information is collected as at
each 1 January in the years 2002, 2003, 2004 and 2005. The investigation closes in
2005. A PhD student wishes to use the data from this investigation for her thesis
on the mortality of married men. Describe the ways in which the available data for
this investigation are censored. [4 marks]

A trial for the life of a new battery was carried out by placing 1,000 batteries inside
1,000 fluffy electrical toys. The toys were turned on and left to run for 24 hours.
A researcher returned every hour to count how many toys had stopped operating.
On close analysis it was discovered that some of the toys had ceased to operate due
to mechanical problems and that some of the toys were not switched on in the first
place. Some of the toys were still running after 24 hours. For each of the following
types of censoring, state with reasons whether it is present in the investigation:

. left-censoring

ii. interval censoring

iii. type | censoring

iv. non-informative censoring [4 marks]

QUESTION FOUR

(@ A Cox - PH model was estimated to assess the effects on survival of a person’s sex

and his or her self-esteem (measured on a three point scale as ”low” or ”medium”
or high”). The baseline category was males with ”low” self-esteem. Write down
the equation of the model, using algebraic symbols to represent variables and pa-
rameters defining all the symbols that you use. [5
marks]



(b) If o = 0.01, 1 = 0.02, (> = 0.03, estimate the values of pgg, 2Pso and 3peo. [3
marks]

(c) In aclinical trial, 50 patients are observed for two years following treatment with a
new drug. The following data show the period in complete months from the initial
treatment to the end of observation for those patients who died or withdrew from
the trial before the end of the two year period.

Deaths 6, 6, 12, 15, 20, 20, 23
Withdrawals 1, 3,5, 8, 10, 18

I. Calculate the Nelson-Aalen estimate of the integrated hazard function, A;. [6

marks]
ii. Hence, or otherwise, estimate the probability of a patient surviving for at least
18 months after the initial treatment. [1 mark]

(d) Show that the survival function of a Cox PH model is given by
S(t, X) = [So(t)]exp(I ?:1 BiXi).

[5 marks]
QUESTION FIVE

(@) 12brain tumor patients were randomized into radiation or radiation+chemotherapy.
One year after the start of the study, survival time in weeks ere recorded as follows;

Group ORT 10 26 28 30 41 12°
Group 1IRT+CT 24 30 42 40" 30" 42*

Apply a logrank test at o = 0.05. [8 marks]

(b) Show that if the hazard function has the form af(a t)P~! exp[(a t)?], then the
survival function is exp{— exp(a t)? — 1}. [6 marks]

(c) Give reasons as to why the Cox Proportional Hazards model is commonly used. [3
marks]

(d) Consider a discrete random variable T.

I. Show that F (t) = Qtjq(l — ). [3 marks]

ii. Derive the Kaplan Meier estimator of the survival function. [3 marks]



