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Homework #3

11/27/2013

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.)
	Relapse within 
	 
	N (msng)
	Mean (SD)
	Mdn (IQR)
	(Min, Max)

	24 moths
	 
	N(%)
	 
	 
	 

	No
	Nadir PSA (ng/mL)
	28 (0)
	4.12 (17.28)
	0.2 (0.2, 0.95)
	(0.1, 92)

	 
	Pre-tx PSA (ng/mL)
	23 (5)
	617.19 (1252.08)
	100 (45, 387)
	(4.8, 4377)

	 
	Performance Status
	28 (0)
	83.93 (9.56)
	80 (80, 90)
	(50, 100)

	 
	Age (yrs)
	28 (0)
	66.71 (5.84)
	65.5 (63, 69.5)
	(58, 81)

	 
	Bone scan score
	28 (0)
	 
	 
	 

	 
	1
	5 (17.9)
	
	
	 

	 
	2
	9 (32.1)
	
	
	 

	 
	3
	14 (50)
	 
	 
	 

	 
	Tumor grade
	24 (4)
	 
	 
	 

	 
	1
	7 (29.2)
	
	
	 

	 
	2
	8 (33.3)
	
	
	 

	 
	3
	9 (37.5)
	 
	 
	 

	Yes
	Nadir PSA (ng/mL)
	22 (0)
	31.94 (52.50)
	10.5 (1.2, 38)
	(0.5, 183)

	 
	Pre-tx PSA (ng/mL)
	20 (2)
	732.35 (1357.34)
	174 (69.5, 530)
	(25, 4797)

	 
	Performance Status
	20 (2)
	76.5 (11.82)
	80 (70, 80)
	(50, 100)

	 
	Age (yrs)
	22 (0)
	68.36 (5.68)
	68 (64, 71)
	(61, 86)

	 
	Bone scan score
	20 (2)
	 
	 
	 

	 
	1
	0 (0)
	
	
	 

	 
	2
	4 (20)
	
	
	 

	 
	3
	16 (80)
	 
	 
	 

	 
	Tumor grade
	17 (5)
	
	
	 

	 
	1
	3 (17.7)
	
	
	 

	 
	2
	7 (41.2)
	
	
	 

	 
	3
	7 (41.2)
	 
	 
	 


Table 1: Selected Descriptive Statistics

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.

For all analyses, I left the covariates (bone scan score and performance status) continuous. I was making the assumption that the spacing between a bone scan score of 1 and 2 had the same meaning as the spacing between a bone scan score of 2 and 3. 
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. 

Using a logistic regression with robust standard errors, and when comparing two groups with different nadir PSA levels and constant bone scan scores and performance statuses, the odds of relapse within 24 months is estimated to be 1.03 times higher for each 1 ng/mL difference in nadir PSA, with the group having the higher level of nadir PSA tending toward a higher odds of relapse within 24 months. This observed difference is not statistically different from an odds ratio of 1 (P=0.156), with a 95% confidence interval suggesting that the observed odds ratio is what might be typically observed if the true odds of relapse within 24 months was anywhere between 0.943 lower and 1.13 higher for each ng/mL higher nadir PSA level. We thus fail to reject the null hypothesis of no association between time to relapse and nadir PSA.  
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. 

Using a logistic regression with robust standard errors, and when comparing two groups with different nadir PSA levels and constant bone scan scores and performance statuses, the odds of relapse within 24 months is estimated to be 2.36 times higher for each one unit increase in log nadir PSA, with the group having the higher level of nadir PSA tending toward a higher odds of relapse within 24 months. This observed difference is statistically different from an odds ratio of 1 (P=0.001), with a 95% confidence interval suggesting that the observed odds ratio is what might be typically observed if the true odds of relapse within 24 months was anywhere between 1.29 and 4.40 times higher for each one unit increase in nadir PSA level. We thus reject the null hypothesis of no association between time to relapse and log nadir PSA in favor of a trend towards higher odds of relapse for those with higher 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. 
Table 2: Estimates of coefficients from a logistic regression using robust standard errors with nadir PSA modeled using linear splines

	Nadir spline in ng/mL
	OR
	SE
	Global P-value

	Nadir 0-1
	29.62
	46.57
	0.0143

	Nadir 1-4
	0.90
	0.49
	

	Nadir 4-16
	1.38
	0.27
	

	Nadir 16+
	0.98
	0.09
	


Using a logistic regression with robust standard errors with nadir PSA modeled using linear splines with knots at 1, 4, and 16 ng/ml, we reject the null hypothesis of no association between time to relapse and nadir PSA in favor of a model where an association does exist (P=0.0143). We might note that the association seems largely driven by a larger association in the spline that represents nadir PSA of 0 to 1, suggesting that these extra low values may be of greater interest. The below figure plots the predicted probability of relapse against nadir. 
Figure 1: Plot of predicted probability of relapse within 24 months and nadir PSA, when bone scan score is held at 2 and performance score is held at 80. 
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d. For each of the above regression models, provide an interpretation of the intercept.
For the first model and third model, the intercept is the log odds of relapse in 24 months for people with bone scan score of 0, performance status of 0, and nadir PSA of zero, which is not meaningful. For the second model, the intercept is the log odds of relapse in 24 months for people with bone scan score of 0, performance status of 0, and log nadir PSA of 0 (or nadir PSA is equal to 1), which is still not meaningful since bone scan score cannot be equal to 0. 
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 analysis with robust standard errors, comparing those that relapsed in 24 months with those that did not and when bone scan score and performance status are held constant, we estimate that mean nadir PSA differs by 23.52 ng/mL, on average, with higher nadir PSA tending towards those who relapsed within 24 months. This result is significantly different from 0 (P=0.046), with a 95% CI suggesting that such observed results would not be unusual if the true difference in mean nadir PSA between the two groups were anywhere between 0.48 and 46.59, with the higher nadir PSA tending towards those who relapsed. We thus reject the null hypothesis that mean nadir PSA does not differ across those that relapse within 24 months and those that don’t, when bone scan score and performance status are held constant, in favor of the hypothesis that the mean nadir PSA tends to be higher in those that relapse within 24 months. 
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 analysis with robust standard errors, comparing those that relapsed in 24 months with those that did not and when bone scan score and performance status are held constant, we estimate that geometric mean nadir PSA differs by 13.66 ng/mL, on average, with higher nadir PSA tending towards those who relapsed within 24 months. This result is significantly different from 0 (P<0.0001), with a 95% CI suggesting that such observed results would not be unusual if the true difference in geometric mean nadir PSA between the two groups were anywhere between 4.13 ng/mL and 45.16 ng/mL, with the higher nadir PSA tending towards those who relapsed. We thus reject the null hypothesis that geometric mean nadir PSA does not differ across those that relapse within 24 months and those that don’t, when bone scan score and performance status are held constant, in favor of the hypothesis that the geometric mean nadir PSA tends to be higher in those that relapse within 24 months. 

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? 
The logistic regression analyses are overall more favorable than the linear regression analyses because they are asking the question in the “right direction”. The comparison of mean or geometric mean nadir PSA level between groups that relapsed and those that did not is less desirable, because this analysis conditions on the future and looks back on the past and we would rather condition on the past and look to the future. However, logistic regression does leave you with odds ratios, which can be slightly more difficult to interpret. 

The benefit of the log-transformed analyses is that PSA values can get quite large (as is seen in the pre-tx PSA), so the log transformed version of nadir PSA, whether using the logistic regression analysis or the linear regression, may be more useful. However, by using the log transformed version of nadir PSA, we do lose some interpretability, especially in the linear regression where it is best interpreted as a geometric mean. 
The model with nadir PSA plotted as splines is certainly flexible, but it is nearly completely uninterpretable.
Overall, I probably would have chosen the logistic regression with log-transformed nadir PSA. It is asking the question in the direction of most interest to me, and the log transformation of PSA seems reasonable. 
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.)

With this study design, it is difficult to discern what nadir PSA is telling us because there is no time component. We do not know when this nadir PSA occurred during follow-up. For all we know, nadir PSA could have been measured on the day of death (which would not be very helpful). This is, in essence, a survivorship issue. Also, since nadir PSA is a minimum, and there could be variable numbers of measurements occurring at various times, a lower nadir PSA could instead be a marker for someone who was able to survive longer and get more measurements. 
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