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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. 
1. Provide suitable descriptive statistics for this dataset as might be presented in Table 1 of a manuscript appearing in the medical literature. (Because the primary question is comparing 24 month relapse free survival across groups defined by nadir PSA, you might consider presenting descriptive statistics in groups according to some dichotomization of nadir PSA levels. Alternatively, you could provide descriptive statistics within groups defined by whether the subjects relapse within 24 months or not.)
Table 1. Select characteristics of subjects who did and did not relapse within 24 months
	
	N
	mean
	SD
	min
	25%ile
	median
	75%ile
	max

	Did not relapse in 24 months (relap24=0)
	
	
	
	
	
	
	
	

	age (years)
	28
	66.71
	5.84
	58
	63
	65.5
	69.5
	81

	nadir PSA post-therapy (ng/ml)
	28
	4.12
	17.28
	0.1
	0.2
	0.2
	0.95
	92

	PSA prior to therapy (ng/ml)
	23
	617.19
	1252.08
	4.8
	45
	100
	387
	4377

	performance status (0=worst, 100=best)
	28
	83.93
	9.56
	50
	80
	80
	90
	100

	bone scan score 1= least disease
	5 (18%)
	-
	-
	-
	-
	-
	-
	-

	2
	9 (32%)
	-
	-
	-
	-
	-
	-
	-

	3=most disease
	14 (50%)
	-
	-
	-
	-
	-
	-
	-

	tumor grade 1=least aggressive
	7 (29%)
	-
	-
	-
	-
	-
	-
	-

	2
	8 (33%)
	-
	-
	-
	-
	-
	-
	-

	3=most aggressive
	9 (38%)
	-
	-
	-
	-
	-
	-
	-

	time observed in remission (months)
	28
	42.07
	12.05
	24
	33.5
	41
	48
	75

	In remission at last follow-up (0=no, 1=yes)
	28
	0.5
	-
	-
	-
	-
	-
	-

	
	
	
	
	
	
	
	
	

	Relapsed within 24 months (relap24 =1)
	
	
	
	
	
	
	
	

	age (years)
	22
	68.36
	5.68
	61
	64
	68
	71
	86

	nadir PSA post-therapy (ng/ml)
	22
	31.94
	52.50
	0.5
	1.2
	10.5
	38
	183

	PSA prior to therapy (ng/ml)
	20
	732.35
	1357.34
	25
	69.5
	174
	530
	4797

	performance status (0=worst, 100=best)
	20
	76.50
	11.82
	50
	70
	80
	80
	100

	bone scan score 1= least disease
	0 (0%)
	-
	-
	-
	-
	-
	-
	-

	2
	1 (20%)
	-
	-
	-
	-
	-
	-
	-

	3=most disease
	16 (80%)
	-
	-
	-
	-
	-
	-
	-

	tumor grade 1=least aggressive
	3 (18%)
	-
	-
	-
	-
	-
	-
	-

	2
	7 (42%)
	-
	-
	-
	-
	-
	-
	-

	3=most aggressive
	7 (42%)
	-
	-
	-
	-
	-
	-
	-

	time observed in remission (months)
	22
	11.14
	6.40
	1
	6
	11
	16
	22

	In remission at last follow-up (0=no, 1=yes)
	22
	0
	-
	-
	-
	-
	-
	-


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. 

We estimate that when comparing two groups who differ in nadir PSA level and adjusting for bone scan score, performance status and potential heteroskedasticity, the odds of relapse within 24 months is, on average, 3.3% higher per 1 unit increase in nadir PSA level for groups with the same bone scan score and performance score. This result is not unexpected when there is no difference in odds of relapse within 24 months between the two groups (P=0.445). From the 95% confidence interval, we see that these results would be typical if the true odds ratio was between 0.95 to 1.12.
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. 

We estimate that when comparing two groups who differ in nadir PSA level and adjusting for bone scan score, performance status and potential heteroskedasticity, the odds ratio of relapse within 24 months is, on average, 2.33 between groups with identical bone scan and performance scores and differing in 1 unit in log nadir PSA level. This result is highly unusual when there is no difference in odds of relapse within 24 months between the two groups (P=0.008). From the 95% confidence interval, we see that these results would be typical if the true odds ratio was between1.24 and 4.35.

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. 

We estimate that when comparing subjects who differ in nadir PSA level and adjusting for bone scan score, performance status and potential heteroskedasticity, there is a non-monotonic relationship between nadir PSA level and odds of relapse within 24 months when we include splines with knots at 1, 4, and 16 ng/ml. 
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For subjects with a nadir PSA less than 1ng/ml, the odds ratio for relapse within 24 months between two groups with identical bone scan and performance scores and differing in 1 unit of nadir PSA is 26.9 (95% CI 1.18, 614.1).  For subjects with a nadir PSA between 1 and 4mg/ml, the odds ratio for relapse within 24 months between two groups with identical bone scan and performance scores and differing in 1 unit of nadir PSA is 0.91 (95% CI 0.33, 2.49). For subjects with a nadir PSA between 4 and 16ng/ml, the odds ratio for relapse within 24 months between two groups with identical bone scan and performance scores and differing in 1 unit of nadir PSA is 1.38 (95% CI 0.95, 2.01).  For subjects with a nadir PSA greater than 16ng/ml, the odds ratio for relapse within 24 months between two groups with identical bone scan and performance scores and differing in 1 unit of nadir PSA is 0.98 (95% CI 0.96, 1.00).  
This estimate of a non-monotonic association between nadir PSA level and odds of relapse within 24 months is highly unusual when there is no difference in odds of relapse within 24 months between two groups differing in nadir PSA levels, (P=0.0193 according to post-estimation testing). 
d. For each of the above regression models, provide an interpretation of the intercept.
In model A, the intercept represents the estimated odds of relapse within 24 months among subjects with a nadir PSA, bone scan score and performance score of 0. Since a bone scan score can only be between 1 and 3, this is not a scientifically meaningful estimate.

In model B, the intercept represents the estimated odds of relapse within 24 months among subjects with a log nadir PSA, bone scan score and performance score of 0. As in model A, since there is no 0 as a possible bone scan score, this is not scientifically meaningful.

In model C, the intercept is not interpretable because all nadir PSA levels are represented by one of the splines in the model. 

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.  

The average difference in mean nadir PSA level between individuals who relapsed within 24 months in comparison to individuals who did not relapse within 24 months, adjusting for bone scan score, performance score and allowing for unequal variance, is 23.36 ng/ml, with relapsing individuals tending to have higher nadir PSA levels. This result is highly unusual if there is no difference in mean PSA levels between two groups differing in relapse status but identical in bone scan score and performance score, (P=0.05). These results are typical if the true difference in mean PSA levels between two groups differing in relapse status but identical with respect to bone scan score and performance score was between 0.02ng/ml to 46.7 ng/ml higher for the relapsing group.
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.)

The average difference in geometric mean nadir PSA level between individuals who relapsed within 24 months in comparison to individuals who did not relapse within 24 months, adjusting for bone scan score, performance score and allowing for unequal variance, is 13.73 ng/ml, with relapsing individuals tending to have higher nadir PSA levels. This result is highly unusual if there is no difference in mean PSA levels between two groups differing in relapse status but identical in bone scan score and performance score, (P<0.001). These results are typical if the true difference in geometric mean PSA levels between two groups differing in relapse status but identical with respect to bone scan score and performance score was between 4.13ng/ml to 45.64 ng/ml higher for the relapsing group.

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?

I prefer to judge analyses based on how closely they stick to the scientific question, how interpretable their results are, and their statistical power to answer my questions.
The logistic models have the advantage of more closely reflecting clinical concerns than the linear models. Model A is relatively straightforward to interpret, but I know from previous courses that PSA levels don’t generally follow linear relationships, so model A probably doesn’t reflect biological reality very well. Model B more accurately reflects the logarithmic aspects of PSA levels, and can still be explained in a relatively straightforward fashion. Model C doesn’t assume a monotonic relationship between PSA level and this is likely true, biologically. However, the splines are difficult to explain, and the knots are pre-selected, and may not be the most accurate or useful points to be dividing subjects into. It’s also important to consider that people often interpret odds ratios as risk ratios, and in this sample, odds is not a good approximation of risk because the outcome is not at all rare.
The linear models are the most straightforward to understand and explain, and benefit from their statistical significance in terms of how confident we are in the estimates. But from a clinical standpoint, they may not be as useful as estimated odds ratios for a subject who knows their nadir PSA level and wants a sense of how likely they are to relapse within 2 years.

If I can choose freely from among these analyses (meaning that I can pick my scientific question of interest based on which analysis I like best, which isn’t exactly likely), then in order to avoid confusing odds and risk, I would choose a linear regression model. Because I believe that PSA levels are biologically more accurately represented by a log scale, I’d choose model 3B, the geometric mean analysis. Since the question asked in the accompanying documentation is just IF there is an independent association, I feel comfortable choosing model 3B based on clarity and statistical power.
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.)

We are not comparing apples to apples, because nadir PSA could be any PSA measurement taken post-therapy during the minimum 2 years of follow-up. We could be comparing a single PSA measure taken the day after therapy to a single measure taken 24 or 36 months post-therapy, and potentially after relapse. I am concerned both by the lack of consistency in the timing of the measure and the choice to use a single measure instead of an average for each subject.
I am also concerned that we are only examining cancer patients, and don’t have a comparison group of cancer-free individuals with comparable PSA measures, to help us judge “normal” variation of this marker.

