Biost 536, Fall 2013
Homework #3
November 21, 2013, Page 5 of 5

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. 
All questions relate to the question of whether the nadir PSA level following hormonal treatment for prostate cancer is prognostic of time in remission independently of any information from other commonly used covariates. The data is posted on the class web pages (psa.txt), with documentation in the file psa.doc. Note that the variable inrem is text (“yes” or “no”). You will need to tell Stata that this variable should be stored as a “string” rather than as a number. The following code would do the trick:

infile ptid nadir pretx ps bss grade age obstime str8 inrem using psa.txt

Note that all patients were followed for a minimum of 24 months. In all problems we will be considering the probability (or odds) of a patient surviving relapse-free for 24 months following therapy. You can create a variable indicating relapse within 24 months using the following Stata code:
g relap24 = 0

replace relap24 = 1 if obstime <= 24 & inrem==”no”
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.)
The men who did and did not relapse within 24 months did not differ significantly with respect to age, pre-treatment PSA, or tumor grade.  However, those who relapsed had a significantly higher nadir PSA (mean 32 vs 4, p = 0.01) than those who did not relapse.  There was a borderline-significant difference in bone scan score distribution between the relapse groups (chi2 5.89, p = 0.05; Table 1).

Table 1.  Descriptive Statistics by Relapse vs. No Relapse (within 24 months)
	Variable
	Relapse (n = 20)
	No relapse (n = 28)
	Test statistic, p value

	
	Mean ± SD 
	Mean ± SD 
	

	Age (years)
	68 ± 6 
	67 ± 6 
	t = -1.0, 
p = 0.3

	Pre-treatment PSA (ng/ml)
	732 ± 1357 
	617 ± 1252 
	t = -0.3
p = 0.77

	Performance status (0-100)
	77 ± 12 
	84 ± 10
	t = 2.4

p = 0.02

	Bone scan score

	1 – least disease
	0
	5
	Chi2 = 5.89

P = 0.053

	2 – moderate disease
	4
	9
	

	3 – most disease
	16
	14
	

	Tumor Grade

	1 - lowest
	3
	7
	Chi2 = 0.74,

P = 0.7

	2 - middle
	7
	8
	

	3 - highest
	7
	9
	


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. 

Based on logistic regression analysis, on average, within men with the same performance status and bone scan score, the odds of relapse increased by a factor of 1.03 for each one point increase in nadir PSA, but this was not statistically significant (p=0.16).  The observed data would not be unexpected if the true odds were somewhere between 0.987-1.08.  We thus fail to reject the null hypothesis that the odds of relapse do not differ by 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.
Based on logistic regression analysis, on average, within men with the same performance status and bone scan score, the odds of relapse demonstrated a significant logarithmic relationship with nadir PSA (p=0.001).  The odds of relapsed increased by a factor of 2.36 for each one-point increase in log nadir PSA.  We thus reject the null hypothesis that the odds of relapse do not differ by nadir PSA in favor of a hypothesis that the odds of relapse tends to be higher in those with higher nadir PSA, controlling for performance status and bone scan score.
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. 

Based on logistic regression analysis, on average, within men with the same performance status and bone scan score, the odds of relapse increased by a factor of 29.6 for each one-point increase in nadir PSA between 0.1-1 (p=0.7), by a factor of 0.9 for each one-point increase between 1.1-4.0 (p=0.9), by a factor of 1.38 for each one-point increase between 4.1-16.0 (p=0.2), and by a factor of 0.98 for each one-point increase between 16.1-183.0 (p=0.3).  As denoted by the p values above, there was not a statistically significant relationship between nadir PSA and odds of relapse within any of the ranges of nadir PSA.  We thus reject the null hypothesis that the odds of relapse do not differ by nadir PSA within the ranges specified.
d. For each of the above regression models, provide an interpretation of the intercept.
Model a: Odds of relapse for those for whom nadir PSA was 0, performance status was 0, and bone scan score was 0.  An impossibility.
Model b:  Odds of relapse for those for whom log nadir PSA was 0, performance status was 0, and bone scan score was 0.  An impossibility.
Model c:  Odds of relapse for those for whom PSA was 0, performance status was 0, and bone scan score was 0.  An impossibility.
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.  

Based on a linear regression analysis using standard errors calculated with the Huber-White sandwich estimator, among men with the same performance status and bone scan score, those who relapsed had a mean nadir PSA level that was 23.5 ng/ml greater than those who did not.  This was a statistically significant difference (p=0.046).    The observed data would be expected if the true difference in mean nadir PSA between those who relapsed and those who did not were between 0.47 and 46.5 ng/ml.  We thus reject the null hypothesis that mean nadir PSA does not differ between those who did and did not relapse within 24 months, in favor of a hypothesis that mean nadir PSA tends to be higher in those who relapse within 24 months, controlling for performance status and bone scan score.
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 using standard errors calculated with the Huber-White sandwich estimator, the geometric mean nadir PSA is estimated to differ between men who did and did not relapse by 2.6% ng/dl.  This result is significantly different (P < 0.001), with a 95% CI

suggesting that such observed results would not be unusual if the true difference in geometric mean nadir PSA between the groups was anywhere between 1.4% lower and 3.8% lower.  We thus reject the null hypothesis that geometric mean nadir PSA does not differ between those who did and did not relapse within 24 months, in favor of a hypothesis that geometric mean nadir PSA tends to be higher in those who relapse within 24 months, controlling for performance status and bone scan score.
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 question is whether nadir PSA level following hormonal treatment for prostate cancer is prognostic of time in remission independently of any information from other commonly used covariates.  This is a cohort design and if we are interested in the prognostic value of nadir PSA, then I would consider nadir PSA as the independent variable and remission as the dependent variable, so in my mind, I prefer the logistic regression analyses, and of those, analysis B.  I chose B because of a prior knowledge that PSA levels tend to rise in more of an exponential fashion when cancer is present, so the log transformation makes sense to me.  
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 question is posed: “Our interest is to determine if the PSA nadir (the lowest value observed post therapy) is highly associated with time of remission, and whether any association between the PSA nadir and time of remission is independent of an effect due to performance status or tumor mass (as measured by bone scan score).”
If we are interested in the association between nadir PSA after therapy and an association with time of remission, than it seems that the proper analysis would be a time to event analysis, rather than applying a pre-determined cutoff for remission-free time.  However, that is more a problem with analysis not study design.

I think the biggest problem in the study design is the definition of what constitutes remission versus recurrence, as this is not specifically defined anywhere in the documentation and is often dictated by PSA levels after treatment. 
