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M.Sc. DEGREE EXAMINATION, NOVEMBER 2015.

(Biostatistics)

II YEAR — III SEMESTER

Paper IX — SURVIVAL ANALYSIS
Time : 3 hours
    Max. Marks : 75

SECTION A — (10 × 2 = 20 marks)

Answer any TEN questions.

1. State under what forms censoring occurs.

2. Define survival function.

3. Obtain survival function for Pareto model. 

4. Define IFR and IFRA.

5. What do you understand by actuarial method?

6. List the types of life tables.

7. For censored data, how does Gehan define the statistic U?

8. State the suggestion given by Tarone and Ware regarding the weights, when compared with the Gehan and MH statistic.

9. In the method of plotting, what is the basic principle to distinguish between straight line and curve?

10. Define partial likelihood in regression with censored data.

11. How is time divided into three periods for long time survival, which has bath-tub shape in epidemiology?

12. Give Kaplan-Meier estimator when no ties are present.
SECTION B — (5 × 5 = 25 marks)

13. Answer any FIVE questions.

14. Prove that the gamma distribution has IFR for α [image: image2.png]


 1, DFR for α [image: image4.png]


 1.
15. Derive the Fisher information for one observation from an exponential distribution with ty I censoring.
16. Given the data for non-maintained group
i.e. 5,5, 8, 8, 12, 16+, 23, 27, 30, 33, 43, 45 weeks compute Kaplan-Meier estimator  S(t).
17. For severe viral hepatitis data the steroid (I) and control (II) groups survival times (in weeks) are :
	I:
	1
	1
	1
	1+
	4+
	5
	7
	8
	10
	10+
	12+
	16+
	16+
	16+

	II:
	1+
	2+
	
	3
	3
	3+
	5+
	5+
	
	16+(18)
	
	
	
	


   
with m =14 and n= 15 , compute 

(i) Gehan statistic        
(ii)   
its permutation variance.

18. Explain Cox’s proportional hazard model with one covariates.
19. Obtain mathematical relationship between survival, hazard and density functions.

20. Obtain maximum likelihood estimator for one parameter exponential distribution with censored observations.
SECTION C — (3 × 10 = 30 marks)

Answer any THREE questions.

21. Table below gives survival data of 40 patients with myeloma. The survival times are grouped into intervals of five months. Estimate survivorship, hazard and density functions.

	Survival time t (months)
	No. of patients surviving at beginning of the interval
	No. of patients dying in the interval

	0-5
	40
	5

	5-10
	35
	7

	10-15
	28
	6

	15-20
	22
	4

	20-25
	18
	5

	25-30
	13
	4

	30-35
	9
	4

	35-40
	5
	0

	40-45
	5
	2

	45-50
	3
	1

	≥ 50
	2
	2


22. From February 1972 to February 1975, 29 severe viral hepatitis patients satisfied the admission criteria for a 16 week study of the effects of steroid therapy at the Stanford, Veterans Administration and Santa Clara Valley hospitals and were randomized into either the steroid or control group. The survival times (in weeks) of 14 patients in the steroid group  were

1,  1,  1,  1+,  4+,  5,  7,  8,  10,   10+, 12+,   16+,  16+,  16+      

Assume an exponential distribution  [image: image5.png]
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 exp(-t)

(a) Estimate [image: image10.png]


  by maximum likelihood and construct an approximate 95% confidence interval.
(b) Estimate S(16) and construct an appropriate 95 % confidence interval.
(c) Estimate the median survival time and construct an appropriate 95% confidence interval.
23. Prove that the redistribute-to-the-right algorithm gives the Kaplan-Meier product limit esatimator.
24. For a preliminary Analysis during the course of the trial data were as follows:

	Maintained groups
	9
	13
	13+
	18
	23
	28+
	31
	34
	45+
	48
	161+
	

	Non-Maintained groups
	5
	5
	8
	8
	12
	16+
	23
	27
	30
	33
	43
	45


25. Compare the two groups by the Mantel-Haenszel statistic and obtain the normalized statistic and its associated two sided p-value.

26. Consider the following five points from the Stanford heart transplant data.

	Mismatch score (X)
	2.09
	0.36
	0.60
	1.44
	0.91

	Survival time (Y)
	54
	127+
	297
	389+
	1536+




(a) Test the hypothesis Ho : [image: image12.png]


  =  1 in the proportional hazards model by calculating p-value associated with Cox statistic
(b) Compute the Tsiatis estimate of s(t; x) for x =1.5. 
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