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Biost 536: Categorical Data Analysis in Epidemiology 
Emerson, Fall 2013
Homework #3 
November 21, 2013
Written problems: To be submitted as an email attachment in by 5pm on Wednesday, November 27, 2013. See the instructions for peer grading of the homework that are posted on the web pages. 
All questions relate to the question of whether the nadir PSA level following hormonal treatment for prostate cancer is prognostic of time in remission independently of any information from other commonly used covariates. The data is posted on the class web pages (psa.txt), with documentation in the file psa.doc. Note that the variable inrem is text (“yes” or “no”). You will need to tell Stata that this variable should be stored as a “string” rather than as a number. The following code would do the trick:
infile ptid nadir pretx ps bss grade age obstime str8 inrem using psa.txt
Note that all patients were followed for a minimum of 24 months. In all problems we will be considering the probability (or odds) of a patient surviving relapse-free for 24 months following therapy. You can create a variable indicating relapse within 24 months using the following Stata code:
g relap24 = 0
replace relap24 = 1 if obstime <= 24 & inrem==”no”
1. Provide suitable descriptive statistics for this dataset as might be presented in Table 1 of a manuscript appearing in the medical literature. 
The data in this study was collected from 50 males ranging in age from 58 to 86 years old who were all observed for at least 24 months after entering the study. Descriptive statistics are provided in Table 1 that summarizes the distribution of groups defined by remission status within 24 months of treatment, as well as the combined sample.  The variables summarized include age, nadir PSA while on treatment, pretreatment PSA, performance status (ie general ambulatory status of the individual ranging from 0 to 100), bone scan score (1,2 or 3), and tumor grade.  Among the 7 participants who were missing pre-treatment PSA and 9 participants missing tumor grade rating, there does not seem to be a pattern associated with remission status.  For bone scan score and performance status there are two individuals missing data that are only in the “not in remission” group. 
Examining the distribution of the ages, it appears that our sample tended to have slightly younger men among the “not in remission” group. For several variables, nadir PSA, pre-treatment PSA, and tumor grade the “in remission” group tends to have lower score. 
Table 1 Descriptive Statistics

	Relapse
	Variable
	N(msng)
	Mean (SD)
	Median (IQR)
	(Min,Max)

	No relapse
	age
	28 (0)
	66.71  (5.84)
	65.5 (63, 69.5)
	(58, 81)

	
	nadir
	28 (0)
	4.12 (17.28)
	0.2 (0.2, 0.95)
	(0.1, 92)

	
	pretx
	23 (5)
	617.19 (1252.08)
	100 (45, 387)
	(4.8, 4377)

	Relapse 
	age
	22 (0)
	68.36 (5.68)
	68 (64, 71)
	(61,86)

	
	nadir
	22 (0)
	31.94 (52.50)
	10.5 (1.2, 38)
	(0.5, 183)

	
	pretx
	20 (2)
	732.35 (1357.34)
	174 (69.5, 530)
	(25, 4797)

	Total
	age
	50 (0)
	67.44 (5.77)
	66 (63, 70)
	(58, 86)

	
	nadir
	50 (0)
	16.36 (39.25)
	0.95 (0.2, 10)
	(0.1, 183)

	
	pretx
	43 (7)
	670.75 (1287.64)
	127 (46, 429)
	(4.8, 4797)


	pss
	No Relapse
	Relapse
	bss
	
	
	grade
	
	

	Level
	N(%)
	N(%)
	Level
	N(%)
	N(%)
	Level
	N(%)
	N(%)

	50
	1 (3.57)
	1 (5.00)
	1
	5 (17.86)
	0
	1
	7 (29.17)
	3 (17.65)

	60
	0 (0)
	2 (10.00)
	2
	9 (32.14)
	4 (20.00)
	2
	8 (33.33)
	7 (41.18)

	70
	1 (3.57)
	5 (25.00)
	3
	14 (50.00)
	16 (80.00)
	3
	9 (37.50)
	7 (41.18)

	80
	13 (46.43)
	8 (40.00)
	Total
	28 
	20 
	Total
	24
	17

	90
	11 (39.29)
	3 (15.00)
	
	
	
	
	
	

	100
	2 (7.14)
	1( 5.00)
	
	
	
	
	
	

	Total
	28
	20
	
	
	
	
	
	


2. Perform logistic regression analyses to determine whether the distribution of relapse within 24 months differs across groups defined by nadir PSA level after adjustment for bone scan score and performance status. For each of the following models, provide full statistical inference for your measure of association.
a. Perform an adjusted logistic regression comparing the odds of relapse within 24 months across groups defined by the nadir PSA level when modeled as a continuous, untransformed variable. 

This logistic regression analysis that adjusted for the main effects of bss and ps as categorical variables did not find a statistically significant association (two sided p = 0.48) between the odds of relapse within 24 months and nadir PSA level.  The estimated odds ratio was 1.03 (95% CI 0.95, 1.13).  On average, when comparing two groups that differ in nadir PSA but holding bss and ps constant across the groups, for every one unit difference in nadir PSA the estimated odds of relapse in the group with higher PSA is 1.03 times the estimated odds of relapse in the group with lower PSA. Our results are typical if the true odds ratio of the higher PSA group is between a multiple of 0.95 lower and a multiple of 1.12 higher than the lower PSA group. 
b. Perform an adjusted logistic regression comparing the odds of relapse within 24 months across groups defined by the nadir PSA level when modeled as a continuous, log transformed variable. 
This logistic regression performed on the log transformed nadir PSA and  adjusting for the main effects of bss and ps as categorical variables did find a statistically significant association (two sided p = 0.02) between the odds of relapse within 24 months and log(nadir PSA level).  The estimated odds ratio was 2.95 (95% CI 1.17, 7.45).  On average, when comparing two groups that differ in log(nadir PSA) but holding bss and ps constant across the groups, for every one unit difference in log(nadir PSA) the estimated odds of relapse in the group with higher log(nadir PSA) is 2.95  times the estimated odds of relapse in the group with lower log(nadir PSA). Our results are typical if the true odds ratio of the higher log(nadir PSA) group is between a multiple of 1.17 higher and a multiple of 7.45 higher than the group with the lower log(nadir PSA). 
c. Perform an adjusted logistic regression comparing the odds of relapse within 24 months across groups defined by the nadir PSA level when modeled as linear splines with knots at 1, 4, and 16 ng/ml. 
This logistic regression performed on the spline transformed nadir PSA and  adjusting for the main effects of bss and ps as categorical variables did find a statistically significant association (two sided p = 0.046) between the odds of relapse within 24 months and nadir PSA level.  
Interpreting an overall estimate of the association between the spline transformed nadir PSA and odds of relapse is difficult because I do not understand the relationship between bss, ps, and nadir PSA.  The splines were determined by placing knots at nadir PSA levels 1, 4, and 16.  From the graph below it is clear that the association changes depending on what level of nadir PSA the two groups had.  
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d. For each of the above regression models, provide an interpretation of the intercept.
a) The odds of relapse in a group with nadir PSA score of 0, ps score of 50, and bss score of 1 is 0.97 (95% CI : 0.06, 15.90)

b) The odds of relapse in a group with nadir PSA score of 1, ps score of 50, and bss score of 1 is 2.27 (95% CI: 0.28,18.20).  Note I changed the value of nadir PSA score so that log(nadir) = 0. 

c) The odds of relapse in a group with nadir PSA score of 0, ps score of 50, and bss score of 1 is 0.51 (95% CI:0.00, 2,081.1)
3. In this longitudinal study, we could instead have considered the “reverse” analyses in which nadir PSA is used as the response and the predictor is the indicator of relapse within 24 months.

a. Perform linear regression analyses to determine whether there is an association between mean nadir PSA level and relapse within 24 months after adjustment for bone scan score and performance status. Make clear the statistical analysis you perform. Provide full statistical inference for your measure of association
This linear regression performed on the categorical variable relapse within 24 months and adjusting for the main effects of bss and ps as categorical variables did not find a statistically significant association (two sided p = 0.198) between the mean value of nadir PSA level in the group that relapsed and the group that did not relapse.  The estimated difference in mean nadir PSA was 16.62 mg/dl (95% CI: -9.05, 42.30).  On average, when we hold bss and ps constant across the groups, the mean value of nadir PSA in the group that did relapse is 16.62 mg/dl higher than the mean for the group that did not relapse. Our results are typical if the true difference in means between the two groups was 9.05 lower and 42.30 higher. 
b. Perform linear regression analyses to determine whether there is an association between geometric mean nadir PSA level and relapse within 24 months after adjustment for bone scan score and performance status. Make clear the statistical analysis you perform. Provide full statistical inference for your measure of association. (Recall that inference on the geometric mean is obtained by performing linear regression on log transformed response variables.)
This linear regression performed on the categorical variable relapse within 24 months and adjusting for the main effects of bss and ps as categorical variables did not find a statistically significant association (two sided p < 0.0001) between the geometric mean value of  nadir PSA level in the group that relapsed and the group that did not relapse.  The estimated difference in the log(geometric mean of nadir PSA) was 2.51 mg/dl (95% CI: 1.31, 3.71).  On average, when we hold bss and ps constant across the groups, the log(geometric mean value of nadir PSA)  in the group that did relapse is 2.51 mg/dl higher than the mean for the group that did not relapse. Our results are typical if the true difference in log (geometric means) between the two groups was 1.30 higher and 3.71 higher. 

4. Consider the analyses performed in problems 2 and 3 above.

a. What are the relative merits of the five analyses. Which might you prefer a priori? Why?

Five Analyses

1) odds ratio untransformed predictor

Ease of interpretation, the untransformed predictor will allow us to talk about the odds of 1 unit increase in nadir score. Staying on the same scale as when the variable was actually measured allows the reader to comprehend easier.

2) odds ratio log transformed predictor

PSA scores for a healthy male are typically between 0 and 4, while the range of measurement can go to at least 100.  Therefore the additive difference in PSA scores is not as scientifically relevant as the multiplicative difference.  A change of PSA from 0.1 to 10 can look relatively small when the scale extends from 0 to 100. On the additive scale it looks like only a 10 point increase.   However on the multiplicative scale we see a 10 fold increase.  Thus it may be more scientifically relevant to talk about the multiplicative increase rather than the additive increase.
3) odds ratio linear splines

I cannot see why we would do this analysis when we are only interested in determining if an association exists.  Transforming using linear splines is used to get a model that better fits the data.  However, when we are answering the first order question of whether an association exists have the correct model is not important. The methods used to answer whether an association exists are robust to model mis-specification.

4) difference in mean 

Many people do not understand what an “odds” (and by extension “odds ratio”) are telling us.  However, discussing how the mean of a group changes with respect to another groups mean is more comprehensible. 

5) difference in geometric mean 

The benefit is that we are talking about a multiplicative change in means.  The need for focusing on a multiplicative change is supported by science.  A PSA score that goes from 4 to 5 is 25% greater.  Whereas a score that goes from 25 to 26 is only 4% greater.  Each change would look identical on an additive scale. With my limited knowledge I think changes in the lower end (ie 5 to 20 range) of the PSA scale are really what the clinicians are concerned with.  
Talking about the multiplicative changes in group means is a bit confusing but if the individuals you are doing the analysis for are accustomed to being concerned with multiplicative changes it will not cause confusion.  

The has the added benefit of talking about means rather than odds.  I would choose this analysis a priori. 

b. All of these analyses suffer from a serious definitional problem inherent in this study. Can you deduce this problem? (Hint: There is no analysis that you can do to address this problem. It is a problem with the study design.)

The choice to receive hormonal treatment for prostate cancer or not is made by the individual prior to entering the study.  Thus the results of any analysis of this data can only be generalized to those who decide to take hormone treatment as compared to the other options for treatment. It is believed that 50% of men over age 70 have small cancers in their prostates. The proportion of men with prostate cancer who elect to have hormone therapy is probably small.  Many of the men believed to have prostate cancer can elect for the “watchful waiting” treatment option and never have their disease progress to a stage where intervention is pursued.  Thus the study will only answer a question regarding the prognosis of patients with prostate cancer who have elected to have hormone treatment.  The real question regarding the prognosis of any and all patients with prostate cancer regardless of treatment is unanswerable by this study.

