
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: Sample Description
	
	

	
	Did Not Relapse (n=28)
	Relapsed (n=22)

	
	Mean (SD)
	Median (IQR)
	Mean (SD)
	Median (IQR)

	Age
	66.71 (5.8)
	65.5 (63, 69.5)
	68.36 (5.7)
	68 (64, 71)

	Performance status (0= worst, 100= best)
	83.93 (9.6)
	80 (80, 90)
	76.5 (11.8)
	80 (70, 80)

	Bone scan score (1= least disease, 3= most)
	2.32 (.8)
	2.5 (2, 3)
	2.8 (.4)
	3 (3, 3)

	Tumor grade (1= least aggressive, 3= most)
	2.08 (.8)
	2 (1, 3)
	2.24 (.8)
	2 (2, 3)

	PSA value prior to therapy (ng/ml)
	617.19 (1252.1)
	100 (45, 387)
	732.35 (1357.3)
	174 (69.5, 530)

	Lowest PSA value attained post therapy (ng/ml)
	4.12 (17.3)
	.2 (.2, .95)
	31.94 (52.5)
	10.5 (1.2, 38)


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. 
aOR (95% CI; p-value): 1.034 (0.987, 1.082; p=0.156)

Holding bone scan score and performance score constant, the odds of relapse within 24 months is estimated to be 1.034 greater for every one ng/ml increase in nadir PSA.  This result is not statistically significant at the α =.05 level.  The observed odds ratio would not be unusual if the true odds ratio were between 0.987 and 1.083.  






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. 
aOR (95% CI; p-value): 2.363 (1.419, 3.933; p=0.001)

Holding bone scan score and performance score constant, the odds of relapse within 24 months is estimated to be 2.363 greater for each log increase in nadir PSA.  This result is statistically significant at the α =.05 level.  The observed odds ratio would not be unusual if the true odds ratio were between 1.419 and 3.933.  





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. 

After modeling the odds of relapse with 4 splines (representing nadir PSA), bone scan score, and performance score, I used this code, "testparm psa_sp1  psa_sp4  psa_sp16 psa_spinf", to obtain a likelihood ratio statistic and corresponding p-value that assessed the hypothesis of no association between the four splines and relapse.  This test yielded a p-value of .0260, suggesting that a significant relationship (at α =.05) exists between nadir PSA (modeled with splines) and odds of relapse.  
I also created a graph that showed the relationship between the four nadir PSA splines and probability of relapse, as determined from the logistic model.  This graph holds bone scan score constant at 3 and performance score at 80, values that I subjectively decided upon using the descriptive statistics in Table 1.  This graph suggests that the nadir PSA is positively associated with the odds of relapse, and the relationship is strongest for lower values of nadir PSA.  Among persons with high nadir PSA values, the relationship between nadir PSA and odds of relapse is unstable -- likely due to the few data points and events observed in this data.  
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I recreated the same figure, restricted to persons with nadir PSA values <17 (see below).  In this graph, the relationship between odds of relapse and nadir PSA is strongest when nadir PSA < 1.  Since all of the persons included in this graph with nadir PSA values > 4 relapsed,  we see that the odds of relapse increased to nearly 1 with increasing nadir PSA value, though the slope was less steep than that seen for the initial nadir PSA values.  
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d. For each of the above regression models, provide an interpretation of the intercept.
a) When bone scan score, performance score, and nadir PSA value all equal 0, the odds of relapse is 2.072 (95% CI=.002, 2398.1).
b) When bone scan score, performance score, and log nadir PSA value all equal 0, the odds of relapse is 3.061 (95% CI=.001, 8768.9).

c) When bone scan score, performance score, and four nadir PSA splines equal 0, the odds of relapse is .507 (95% CI=.000, 2081.1).

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.  

Holding bone scan score and performance score constant, men who relapsed had nadir PSA scores that were, on average, 23.52 ng/ml greater than men who did not relapse.  The observed difference in nadir PSA values between those who relapsed and did not relapse would not be unusual if the true mean difference were between .476 and 46.559.  The corresponding p-value was .046, indicating statistical significance at the α =.05 level.  
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.)

Men who relapsed had geometric mean nadir PSA values that were 2.614 times higher than men who did not relapse.  The observed ratio of geometric means would not be unusual if the true ratio of geometric means was between 1.418 and 3.810.  The corresponding p-value was <.0001, indicating statistical significance at the α =.05 level.  

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?

Problem 2
Model (A) yielded perhaps the most easily interpreted beta coefficients.  Model (B) aptly represented the multiplicative nature of biochemical mechanisms.   The drawback of Models (A) and (B) is that they assumed a continuous and monotomic relationship between nadir PSA and relapse, though this might have been a reasonable a priori assumption.  Model (C) allowed more flexibility for model fit, though substantially complicating the interpretation of the model results.  
Problem 3
Models (A) and (B) were essentially the reciprocal to Models (A) and (B) in Problem 2, carrying both the merits and drawbacks described above.  Broadly speaking, it seemed temporally backward to model nadir PSA given participants' relapse status.  
A Priori Preference
A priori, I think I would have chosen the model done in 2B, that is, to model the relationship between the log-transformed nadir PSA value (the POI) and odds of relapse (the outcome).  This approach has a more interpretable temporal sequence and it reflects my a priori assumptions about biochemical mechanisms.  
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 predictor of interest, nadir PSA, summarizes multiple PSA measurements for each participant.  The given data does not show when the nadir PSA measurement was observed, precluding our ability to assess the temporal relationship between nadir PSA and future relapse.  Thus, the prognostic value of nadir PSA cannot be evaluated given the current study design.       

