
Biost 536: Categorical Data Analysis in Epidemiology
Emerson, Fall 2013
Homework #3
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: Baseline characteristics of prostate cancer survivors by remission status within 24 months

	
	Relapsed within 24 months
	No relapse within 24 months

	Age (years), mean ±  SD
	68 ± 6
	67 ± 6

	Nadir PSA level (ng/ml), mean ± SD
	31.9 ± 52.5 
	4.1 ± 17.3

	PSA level prior to treatment (ng/ml), mean± SD
	732.4 ± 1357.3
	617.2 ±1252.1

	Bone Scan Score, n (%)

1

2

3
	0 (0.0)

4 (20.0) 

16 (80.0) 
	5 (17.9)

9 (32.1)

14 (50.0)

	Tumor Grade, n (%)
1

2

3
	3 (17.7)

7 (41.2)

7 (41.2)
	7 (29.2)

8 (33.3)

9 (37.5)

	Performance status, n (%)
50

60

70

80

90

100
	1 (3.4)

0 (0.0)

1 (3.4)

13 (46.4)

11 (39.3)

2 (7.1)
	1 (5.0)

2 (10.0)

5 (25.0)

8 (40.0)

3 (15.0)

1 (5.0)


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. 
Nadir PSA level was not associated with the odds or relapse within 24 months after adjusting for bone scan score and performance status (OR 1.03, 95% CI 0.94-1.13, p=0.48). This value would not be unusual if the true odds or relapse in 24 months was between 0.94 and 1.13. This difference was not statistically significantly different than the null hypothesis of no difference in relapse based on nadir PSA level. 
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. 
Log nadir PSA levels were associated with the odds of relapse within 24 months after adjusting for bone scan score and performance status (OR 2.36, 95% CI 1.27-4.40, p=0.007). This result would not be unusual if the difference in odds or relapse based on log nadir PSA levels was between 1.27 and 4.40. This difference was statistically significantly different than no difference in relapse based on log nadir PSA levels (p=0.007).
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. 

Using linear splines, we found that nadir PSA levels were not associated with relapse within 24 months (OR 0.98, 95% CI 0.96-1.00, p=0.02) after adjustment for bone scan and performance status. While this result was statistically different than no difference in relapse by nadir PSA scores, the confidence interval reaches 1.00 suggesting no association. 
d. For each of the above regression models, provide an interpretation of the intercept.
Model 1: Intercept interpretation: The odds ratio for relapse within 24 months for individuals with nadir PSA levels of 0 is 2.07. 

Model 2: Intercept interpretation: The odds ratio for relapse within 24 months for individuals with log nadir PSA levels of 0 is 3.06. 

Model 3: Intercept interpretation: The odds ratio for relapse within 24 months for individuals with nadir PSA level of 0 is 0.51. 
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.

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 nadir PSA level is 23.5 mg/dL higher for individuals who relapse within 24 months compared to those who do not relapse after adjustment for bone scale score and performance status. This difference would not be unusual if the true difference in nadir PSA levels was between 0.48 and 46.6 mg/dL. While the p value (p=0.05) for this difference was statistically significantly different than the null hypothesis , the confidence interval crosses 1.00.
a. 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 geometric mean PSA level is 2.61 mg/dL higher, on average, for patients who relapsed compared to those who did not relapse after adjustment for performance status and bone scale score. This difference would not be unusual if the true difference in geometric mean PSA levels were between 1.42 and 3.81. This difference in geometric mean levels for patients who relapsed compared to those who did not was statistically significantly different than the null hypothesis of no difference in relapse status by geometric mean PSA levels (p=<0.001). 
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?

Nadir PSA does not appear to be normally distributed. Log transformation appears to make the relationship more normally distributed. I, therefore, prefer the analysis using geometric means or log nadir psa over the untransformed data a priori. While the splines appear to provide a more linear adjustment than the general logistic model, there are nonlinear parts that are not well approximated by the knots. The linear models provide risk according to PSA levels. I am not sure how clinically relevant this is as I think overall, we are interested in if your relapse rather than the level of the PSA at which it occurs. The model I would chose, therefore, a priori, to answer the scientific question of odds or relapse based on nadir PSA levels after adjustment for bone scale score and performance status is Model 2b modeling the odds of relapse based on nadir PSA level. 
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 analyses do not take into account the effect of treatment on nadir PSA levels. There are many people who relapse with low PSA levels likely as result of failed treatment rather than recurrence of disease. 

