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Biost 517: Applied Biostatistics I

Emerson, Fall 2007
Homework #5
November 7, 2007
Written problems: To be handed in at the beginning of class on Wednesday, November 14, 2007. 
On this (as all homeworks) unedited Stata output is TOTALLY unacceptable. Instead, prepare a table of statistics gleaned from the Stata output. The table should be appropriate for inclusion in a scientific report, with all statistics rounded to a reasonable number of significant digits. (I am interested in how statistics are used to answer the scientific question.)

The following problems make use of a dataset from a clinical trial of D-penicillamine in the treatment of primary biliary cirrhosis. The documentation file liver.doc and the data file liver.txt can be found on the class web pages. 

1. In order to assess stage of disease, a patient must undergo a liver biopsy—a procedure that is considered highly invasive due to the possible complications of severe bleeding. Suppose we are interested in using more readily observable clinical signs to diagnose stage 4 liver disease.

a. What is the prevalence of stage 4 liver disease in this data set?

b. Consider the use of the presence of edema as a surrogate for diagnosing stage 4 liver disease. What are the sensitivity, specificity, predictive value of a positive, and predictive value of a negative for this use of edema based on this cross-sectional sample of PBC patients?

c. Consider the use of presence of spider angiomata as a surrogate for diagnosing stage 4 liver disease. What are the sensitivity, specificity, predictive value of a positive, and predictive value of a negative for this use of spiders angiomata based on this cross-sectional sample of PBC patients?

d. Consider the use of the presence of hepatomegaly as a surrogate for diagnosing stage 4 liver disease. What are the sensitivity, specificity, predictive value of a positive, and predictive value of a negative for this use of hepatomegally based on this cross-sectional sample of PBC patients?

e. Suppose that we could rely on the sensitivities and specificities as derived above in parts b-d, but suppose that we had a population of patients in which the prevalence of stage 4 disease were 50%. What would be the predictive value of the positive and predictive value of the negative of each of the three clinical signs in this population?

2. In studies with censored observations of time to some event, our ability to answer specific scientific questions will often depend upon the distribution of censoring times. That is, we need to understand the times that we followed each patient. However, we only have partial information on this distribution. For instance, if we are ultimately investigating patient survival, we may want to understand how long we followed the patients: Was it 3 years, 30 years, 300 years? Was it 3 years for some patients and 300 years for others? When patients’ survival times are censored, we know exactly the limits of our follow-up. But for patients who died, we do not know when we might have lost those patients to further follow-up. Luckily the Kaplan-Meier estimator comes to our rescue in this situation. By creating an indicator of censoring (0= not censored, 1= censored), we can use the KM estimates to describe the pattern of censoring.

a. Provide suitable statistics for the distribution of times to censoring for observations of death. In particular, consider whether you can estimate the minimum time of follow-up for these patients.

b. Suppose we want to divide individual patients into groups who die within 2 years and those who do not. On the basis of your answer to part a, will we be able to do so? 

We are interested in estimating the probability of a patient dying from any cause in the years following accrual to the study. 
c. Provide suitable descriptive statistics for the distribution of times to death from any cause for all patients in the study.
d. Produce a plot of survival curves stratified by the groups defined by whether the patient had edema or not.  Produce a table of estimates of the 90th, 80th, and 75th percentiles of the survival distribution by edema strata. Also include in that table the estimated probabilities of surviving for 3, 5, and 8 years for each stratum. Are the estimates suggestive that edema is associated with mortality? Give descriptive statistics supporting your answer.

Note: There is a Stata command that will allow you to obtain the percentiles of the survival curve more easily: After using defining the survival variables using the stset  command,  stci, by(edema) p(10) would return estimates of the time at which 10% of the subjects would have died within each edema strata. This would therefore be the 90th percentile of the survival distribution.
Produce a plot of survival curves stratified by the groups defined by whether the bilirubin value was higher than 1.5 mg/dl or not.  Produce a table of estimates of the 90th, 80th, and 75th percentiles of the survival distribution by bilirubin strata. Also include in that table the estimated probabilities of surviving for 3, 5, and 8 years for each stratum. Are the estimates suggestive that bilirubin level is associated with mortality? Give descriptive statistics supporting your answer.

e. Repeat part c using thresholds of 2 mg/dl for bilirubin. 
3. Suppose we are interested in using edema or bilirubin to predict whether a patient will still be alive three years after study accrual. 
a. In our sample, what is the prevalence of death within 3 years?
b. In our sample, what is the prevalence of edema?

c. Suppose we consider presence of edema to be a “positive” test result. If the sample accurately reflects the patient population of interest, what are the positive and negative predictive values of such a diagnostic criterion? Briefly explain how these were calculated.
d. What are the sensitivity and specificity of such a diagnostic criterion? Make clear the methods used to calculate these quantities. (Note: The presence of censored data poses a problem in identifying individual patients who did or did not die within 3 years, and thus makes the direct computation of sensitivity and specificity difficult—a problem not faced when computing the predictive value of the positive and negative. What other method can you use to solve this problem?)
e. Repeat parts b, c, and d using bilirubin as the diagnostic criteria for thresholds of 1.5 mg/dl and 2 mg/dl. (You need not explain how they were calculated, just include the sensitivity, specificity, predictive value of a positive, and predictive value of a negative in a table.)

4. Suppose instead that the sample that we obtained oversampled patients who would actually die, but that we felt that the sensitivity and specificity observed in our sample would generalize to the more representative population.. 
a. If the true prevalence of death within three years in the target population were 10%, what would be the positive and negative predictive values of the diagnostic criterion based on each of the three diagnostic criteria of edema, a bilirubin greater than 1.5 mg/dl, or a bilirubin greater than 2 mg/dl? Briefly explain how these were calculated.
5. The average age of onset of PBC has been reported as 50 years old.
a. Perform an analysis to assess whether the ages of the patients in this study are consistent with a population of newly diagnosed patients. Provide relevant point estimates, 95% confidence intervals, and P values. Make clear the interpretation of your confidence interval and P values, including the scientific relevance of your results.
b. Repeat part a for females.

c. Repeat part a for males.

