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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: Participant characteristics by relapse within 24 months


	
	Relapse within 24 months
	

	 
	Yes (N=22)
	
	No (N=28)
	 

	 
	Mean
	SD
	Mean
	SD

	Nadir PSA
	31.94
	52.50
	4.12
	17.28

	Age( years)
	68.36
	5.68
	66.71
	5.84

	Performance status§
	76.5
	11.82
	83.93
	9.56

	 
	N
	%
	N
	%

	Bone scan score§
	 
	
	 
	 

	1
	5
	17.9
	0
	0

	2
	9
	32.1
	4
	27.1

	3
	14
	50
	16
	62.5

	Tumor grade¥
	 
	
	 
	 

	1
	7
	29.2
	3
	17.7

	2
	8
	33.3
	7
	41.2

	3
	9
	37.5
	7
	41.2

	

	§2 missing observations in relapse=yes

	¥5 missing in relapse=yes, 4 missing in relapse=no


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. 

--------------------------------------------------------------------
             |               Robust

             | Odds Ratio   Std. Err.     [95% Conf. Interval]

-------------+------------------------------------------------------
       nadir |   1.033877   .0483533     .94332      1.133127

          ps |   .9522044   .0372485     .8819272    1.028082

         bss |   2.624249   1.369303     .9437518    7.297132

--------------------------------------------------------------------
Using a multivariate logistic regression with robust standard errors, we found that on average, among individuals with the same bone scan and performance score and 1 unit difference in nadir PSA, the odds of relapse in 24 months are 1.03 times higher in those with 1 unit higher nadir PSA relative to those with one unit lower.  The results were not statistically significant (P=0.476) and not usual if the true adjusted odds of relapse in 24 months were anywhere between 0.94 and 1.13.  

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. 

------------------------------------------------------------------
             |               Robust

             | Odds Ratio   Std. Err.   [95% Conf. Interval]

-------------+----------------------------------------------------
     lnnadir |   2.362528   .7500896    1.268017    4.401784

          ps |   .9490084   .0365185    .8800659    1.023352

         bss |   2.345473   1.641118    .5951799    9.242995

------------------------------------------------------------------
Using a multivariate logistic regression with robust standard errors, we found that on average, among individuals with the same bone scan and performance score and 1 unit difference in log nadir PSA, the odds of relapse in 24 months are 2.36 times higher in those with 1 unit higher log nadir PSA relative to those with one unit lower.  The results were statistically significant (P=0.007) and not usual if the true adjusted odds of relapse in 24 months were anywhere between 1.27 and 4.40.  

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. 
------------------------------------------------------------------
             |               Robust

             | Odds Ratio   Std. Err.  [95% Conf. Interval]

-------------+----------------------------------------------------
     nadirS1 |   29.61699   46.57029    1.358615    645.6328

     nadirS2 |   .9034492    .468414     .3270233    2.495909

     nadirS3 |   1.379926   .2672825     .9440251    2.017102

     nadirs4 |   .9818103   .0089229     .9644765    .9994557

          ps |   .9367181   .0429489     .8562113    1.024795

         bss |    2.52226   1.845241     .6012646    10.58069

-------------------------------------------------------------------
Using a multivariate logistic regression with robust standard errors, adjusting for bone scan and performance score, we found the following:
For nadir PSA levels between 0 and 1: On average, among individuals with the same bone scan and performance score unit difference in nadir PSA, the odds of relapse in 24 months are 29.61 times higher in those with 1 unit higher nadir PSA relative to those with one unit lower.  The results were statistically significant (P=0.031) and not usual if the true adjusted odds of relapse in 24 months were anywhere between 1.36 and 645.63.  
For nadir PSA levels between 1 and 4: On average, among individuals with the same bone scan and performance score unit difference in nadir PSA, the odds of relapse in 24 months are 0.903 times as high in those with 1 unit higher log nadir PSA relative to those with one unit lower.  The results were not statistically significant (P=0.845) and not usual if the true adjusted odds of relapse in 24 months were anywhere between 0.33 and 2.50.  

For nadir PSA levels between 4 and 16: On average, among individuals with the same bone scan and performance score unit difference in nadir PSA, the odds of relapse in 24 months are 1.38 times higher in those with 1 unit higher log nadir PSA relative to those with one unit lower.  The results were not statistically significant (P=0.096) and not usual if the true adjusted odds of relapse in 24 months were anywhere between 0.94 and 2.01.  

For nadir PSA levels over 16: On average, among individuals with the same bone scan and performance score unit difference in nadir PSA, the odds of relapse in 24 months are 0.98 times as high in those with 1 unit higher log nadir PSA relative to those with one unit lower.  The results were statistically significant (P=0.043) and not usual if the true adjusted odds of relapse in 24 months were anywhere between 0.96 and 0.99.  

The results of a Wald test show that the overall effect of nadir PSA is statistically significant (p=0.014).
d. For each of the above regression models, provide an interpretation of the intercept.
From a multivariate logistic regression with robust standard errors, we found that on average, the log odds of relapse within 24 months for individuals with PSA, bone scan score and performance score all at a value of 0 is 0.73. However, this result has no clinical relevance as a 0 bone scan and performance score are beyond the range of our data.
From a multivariate logistic regression with robust standard errors, we found that on average, the log odds of relapse within 24 months for individuals with log PSA, bone scan score and performance status all at a value of 0 is 1.12. However, this result has no clinical relevance as a 0 bone scan and performance score are beyond the range of our data.
From a multivariate logistic regression with robust standard errors, we found that on average, the log odds of relapse within 24 months for individuals with log PSA, bone scan score and performance status all at a value of 0 is -0.679. However, this result has no clinical relevance as a 0 bone scan and performance score are beyond the range of our data.

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.  

From a linear regression with robust standard errors, we found that, on average, the nadir PSA of those who relapse within 24 months is of relapse within 24 months is 23.52 higher than individuals who don’t relapse within 24 months after adjusting for bone scan score and performance status.  The results were statistically significant (P=0.046) and not unusual if the true difference was anywhere between 0.47 and 46.6.  
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.)

From a linear regression with robust standard errors, we found that, on average, the geometric mean nadir PSA of those who relapse within 24 months is of relapse within 24 months is 13.66 higher than individuals who don’t relapse within 24 months for individuals with the same value of bone scan score and performance status.  The results were statistically significant (P>0.005) and not unusual if the true difference was anywhere between 4.13 and 45.16.  

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?

Splines are useful because they relax the assumption of linearity (same straight line relationship) throughout the range of PSA.  However, unless you have prior knowledge of clinically relevant cut offs, splines may overfit the data.  In addition, they make the results harder to interpret because there is a different summary measure for different ranges of nadir PSA.  Continuous PSA is beneficial as it utilizes all the data (as oppose to making categories of PSA and losing information).  However, it makes the assumption of linearity on the absolute scale and is sensitive to points of high leverage.  In addition, PSA does not seem to increase linearly.  The outcome of relapse at 24 months is clinically relevant so I would prefer a logistic regression on this outcome rather than a linear regression on nadir PSA.
A priori, I would prefer log nadir PSA because it reduces any potential influence from outliers with high leverage by pulling in the tails of the data and doesn’t assume linearity on the absolute scale.  Also, most biomarker analyses in the literature are analyzed on the log scale so my results would be directly comparable to those of other studies.
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.)

It is unclear whether the nadir PSA occurred before or after relapse so we don’t have information on temporality and direction of the association. 
