End-Semester Examimation

NM.Stat. 1T Year
Academice Year: 2024 — 25
Survival Analysis
Duration: 3 hours
Total Narks: 100

Instructions:
e This is a closed-hook pen-paper based descriptive answer-type exania-
tion.
o Students are allowed to use scientific calenlators.

e Nobile phones are not allowed. Any clectronie device that connects (o
imternet are not allowed.

e Any notation will have its usual meaning unless otherwise specified.
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e Answer any H out of the 6 questions.

e Please mention and describe a vesult or theorem o lemnma clearly and
completely i the event of applyving it to a specific problenn.

o You arce allowed to use just one Ad size cheat sheet.,

e Show intermediate steps (whenever applicable) to obtain full iarks.

Questions:

Q.1. Let T (in years) be a non-negative random failure time with density
function (parameters > 0 and A > 0) given by
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Based on this, answer Questions L(a) - 1(d).



() 5] Represent 77 i the log-lincar form explaining cvery compounent.

(b) 2] Let = (dimension 1) he the observed covariate. Write down the
expression for acceelerated failure time (AFT) reoression model basced
o a sample of size v observed from a population having the density

function as given in Equation (1),

(¢) 18] Cousider data of the form {(4,.6;. )7 7 = 1. n} follows an
AFT model where o; denotes the type-I right censoring indicator
ad =z (dimension 1) is the covariate associated with individual 7.
Show that the maximum lkelihood estimate /7 of 7 can be obtained
by solving

0 . .
—~ o= exp{(y;, —ay— 3z)/ 00}
f:;)/ﬂ'()}

— toexp{(y, g ,

;‘/[."

loa{Ao)

and o —
Jli

5/ Let ag 159 005 and oy 20 Lot - [ for an individual.

(d)

Find the probability of her sirvival hevond 5 vears.

Q2. Tn a clinical trial, a new experimental dimg (Drug X)) s being tested for
greater time to relapse (inmonths) of simoking after quitting. The group
of patients who receive Drug Xis the treatiment group while there are two
control groups - patients who receive an already marketed drg (Drug
M) and paticnts who receive placebo (Drug P)The times to relapse for

these three groups are given helow:
e Drug X: 23117
o Drug N 16,227
e Drug P2 9. 10.

where S indicates o vight-censored observation. Please perform the fol-
lowing:

(a) [12] Perform a generalized 3-sample Gehan test for the data. Clearly
mention the nudl and the alternative hvpotheses. write down the
test statistic (properly defining every component) and caleulate its
value. NMention the asvinptotic null distribution of the test statistic.,



of rank vectors has the form
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where 2, 1s the covariate associated with g, for o Looo ok and 2 s
the covariate associated with gy, for ¢ O 0o ook and jo 1o .

Based on this, answer Questions 4(a) - 4(c).

(a) [8] Derive analvtical expressions for ¢; and ¢f for ¢ = 1..... b State
clearly every intermediate result and notz\tlon that vou use. You
don't have to prove the intermediate results but only mentioning,
the appropriate ones correctly should be fine.

(b) [7] Considering an uncensored data in the above set-up. i.e.. con-

sidering only g0 Tooooohy derive an analytical expression for
I U b State clearlyv every intermediate result and notation

that vou use. You don't have to prove the intermediate results but

only mentioning the appropriate ones correct v should be fine.

(¢) 5] For the i-th order statistic [0 1o i from a Uniform(0. 1)
random sample. prove that:

J(1) l.
where
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and 1n; = Zf',;‘/(m/ + 1),

H. Consider a tvpe-T vight censored data of the form:

(3,00 3. )T (L DT (40T (5. 1)}
where 1, and o; have their usual contextual definitions. Based on this.
answer Questions H(a) - H(h).



()

(b)

18] Find the Kaplan-Meicr estimates of the survival probability at
distinet event times and corresponding Greenwood's standard errors.
[745] To the above given type-lright consored data, fit a parametric
survival model where the hazard functionis h(t) = M. 1 >0, A > 0.
Find out the maxinmum likelihood estimate of A, Hence. perform a
test of hypothesis Hy @ A = 0.5 vs. A # 0.5 at 5% level of significance.
where 7 3841 and Zygen o 19599, Yo may test with any
relevant test statistic of vour choice.

114} Consider a type-T right censored data of the form:
(000, )T (201 )T (20007 (30 1.0) T (L DT (L 0T

where 1.0, and =, have their usual contextual meanings. ('alcu-
late .00 1o, 5 where ;s the i-th Cox-Snell residual based on
fittine a Cox’s proportional hazards model. Hence. check oraphi-
callv whether the consideration of proportional hazards assumption
is correct or not. The graph need not he very accurate. however,
the reasoning behind vour interpretation hased on the oraph should
he correct for obtaining full marks.

6] Prove that the Weibull elass of distribution is the only one which
satisfios (he propertios of hoth proportional hazards and accelerated

fadlure time models.



0.3,

0.1

Finally, provide the conclusion of the test at 5% level where X005
5.9911.

(1) 18] Perform a 2-sample Mantel-Hacnszel (ordinary log-rank) tost be-
tween the groups receiving Drug Xoand Drag M. Clearly mention
the null and the alternative hypotheses. write down the test statistic
(properly defining every component) and caleulate its value, Men-
tion the symptotic null distribution of the test statistic. Finally,
provide the conclnsion of the test at 5% Tevel of sionificance where
Voo 38 and sgm o 19500,

Suppose

{010, 2)7 (20,1 D)7 (2500 DT (3.0.0.1)T (400 1) (15,1 1)T)

be the data (with ties) obtained from a tvpe-T right censoring scheme.
Assuming a Cox’s proportional hazards (PH) model
& pProj

h(t:=) ho(t)e”.
answer the following:

(a) [6] Estimate the maxinmm partial likelihood estimate of 3.

(c) 6] Provide Breslow's estimate for the bascline cimnilative hazard
function.

() 18] Provide Miller's Teast scuare estinate for 7. Performing just one
full iteration is fince.

Assime aright-consored data from aceclerated failure time (AFT) model.

Lo, Y o =log{T} =a t J 1 U where
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W~ fluw) = oo X < < .
' (1 +ev)?
Letyoy < - <y be b distinet ordered log-failure times and 4. . . . . Ui,
be m; right-censored observations in the interval Wiy Yoy 00T 3
where gy, = aud gy, -~ Our objectiveis to test Hy 2 3 0 v,

Hy o3/ 00 A lincar-rank test statistic using permutation distribution
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