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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. 
On this (as all homeworks) unedited Stata output is TOTALLY unacceptable. Instead, prepare a table of statistics gleaned from the Stata output. The table should be appropriate for inclusion in a scientific report, with all statistics rounded to a reasonable number of significant digits. (I am interested in how statistics are used to answer the scientific question.)

Keys to past homeworks from quarters that I taught Biost 517 (e.g. HW #8) or Biost 518 (e.g., HW #3)  might be consulted for the presentation of inferential results.

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 relapse24 = 0

replace relapse24 = 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 months 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: Descriptive statistics for prostate cancer patients who relapsed and who did not relapse within 24 months after hormonal treatment of prostate cancer
	
	Prostate Cancer Relapse Within 24 Months

	
	Yes (n = 22)
	No (n = 28)

	Age (years)
	
	

	Mean (SD)
	68.4 (5.68)
	66.7 (5.84)

	Median (IQR)
	68 (64, 71)
	65.5 (63, 69.5)

	(Min, Max)
	(61, 86)
	(58, 81)

	Nadir PSA (ng/ml)
	
	

	Mean (SD)
	31.9 (52.50)
	4.1 (17.28)

	Median (IQR)
	10.5 (1.2, 38)
	0.2 (0.2, 0.95)

	(Min, Max)
	(0.5, 183)
	(0.1, 92)

	PSA prior to therapy (ng/ml)
	
	

	Missing
	2
	5

	Mean (SD)
	732.4 (1357.34)
	617.2 (1252.08)

	Median (IQR)
	174 (69.5, 530)
	100 (45, 387)

	(Min, Max)
	(25, 4797)
	(4.8, 4377)

	Performance Status 

(0 = worst, 100 = best)
	
	

	Missing
	2
	0

	Mean (SD)
	76.5 (11.82)
	83.9 (9.56)

	Median (IQR)
	80 (70, 80)
	80 (80, 90)

	(Min, Max)
	(50, 100)
	(50, 100)

	Bone Scan Score 

(1 = least disease, 3 = most)
	
	

	Missing
	2
	0

	Mean (SD)
	2.8 (0.41)
	2.3 (0.77)

	Median (IQR)
	3 (3, 3)
	2.5 (2, 3)

	(Min, Max)
	(2, 3)
	(1, 3)

	Tumor Grade 

(1 = least aggressive, 3 = most)
	
	

	Missing
	5
	4

	Mean (SD)
	2.2 (0.75)
	2.1 (0.83)

	Median (IQR)
	2 (2, 3)
	2 (1, 3)

	(Min, Max)
	(1, 3)
	(1, 3)


Descriptive statistics within groups defined by whether subjects relapse within 24 months or not are provided in Table 1. Patients who relapsed are about 2 years older than patients who did not relapse on average (68.4 years old vs 66.7 years old). The age distributions for both groups of patients have similar variability (SD = 5.68 years of age for the former group and SD = 5.84 years of age for the latter group). The average nadir PSA among patients who relapsed is almost 8 fold higher than that among patients who did not relapsed (31.9 ng/ml vs 4.1 ng/ml) but also with much more variability in the nadir PSA distribution (SD = 52.50 ng/ml vs SD = 17.28 ng/ml). Patients who relapsed also tended to have a higher PSA level prior to hormonal treatment on average: 732.4 ng/ml (SD = 1357.34 ng/ml) vs 617.2 ng/ml (SD = 1252.08 ng/ml). On average, the tumor grade (grade 1, 2 or 3 with 3 indicating the most aggressive tumor) of patients who relapsed and patients who did not relapse tended to be similar: 2.2 (SD = 0.75) vs 2.1 (SD = 0.83). The bone scan score (point 1, 2 or 3 with 3 indicating the most metastasized cancer) of those who relapsed tended to be a tad worse than those who did not: 2.8 (SD = 0.41) vs 2.3 (SD = 0.77). The performance status (scale 0 to 100 with 100 indicating the best performance status) of those who relapsed tended to be a lot worse than those who did not: 76.5 (SD = 11.82) vs 83.9 (SD = 9.56).
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. 
. logistic relapse24 nadir bss ps, robust

	Parameter
	Estimate
	Robust SE
	P-value
	95% CI

	nadir
	1.03388
	0.04835
	0.476
	0.9433 - 1.1331

	bss
	2.6242
	1.3693
	0.064
	0.9438 - 7.2971

	ps
	0.9522
	0.03725
	0.211
	0.8819 - 1.0281

	_cons
	2.07229
	7.45802
	0.84
	0.001791 - 2398.094


Comparing two groups of prostate cancer patients who differ by 1 ng/ml in their nadir PSA following hormonal treatment for prostate cancer but have the same bone scan score and performance status, the odds of relapse within 24 months in the group with higher nadir PSA is estimated to be 1.03388 times the odds of relapse in the group with lower nadir PSA, on average. The odds ratio estimate is not statistically significant (two-sided P = 0.476) with a 95% CI suggesting that the observed data is not unusual if the true odds ratio were anywhere between 0.9433 and 1.1331.
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. 

. g lnadir = log(nadir)

. logistic relapse24 lnadir bss ps, robust

	Parameter
	Estimate
	Robust SE
	P-value
	95% CI
	

	lnadir
	2.3625
	0.75009
	0.007
	1.26802 - 4.4018

	bss
	2.3455
	1.6411
	0.223
	0.5952 - 9.2430

	ps
	0.94901
	0.03652
	0.174
	0.8801 - 1.02335

	_cons
	3.06068
	12.4309
	0.783
	0.001068 - 8768.94


Comparing two groups of prostate cancer patients who differ by in their nadir PSA by 2.718 ng/ml following hormonal treatment for prostate cancer but have the same bone scan score and performance status, the odds of relapse within 24 months in the group with higher nadir PSA is estimated to be 2.3625 times the odds of relapse in the group with lower nadir PSA, on average. The odds ratio estimate is statistically significant (two-sided P = 0.007) with a 95% CI suggesting that the observed data is not unusual if the true odds ratio were anywhere between 1.26802 and 4.4018.
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. 

. mkspline nadir1 1 nadir2 4 nadir3 16 nadir4 = nadir
. logistic relapse24 nadir1 nadir2 nadir3 nadir4 bss ps, robust
	Parameter
	Estimate
	Robust SE
	P-value
	95% CI
	

	nadir1
	29.6170
	46.5703
	0.031
	1.3586 - 645.6328

	nadir2
	0.9034
	0.4684
	0.845
	0.3270 - 2.4959

	nadir3
	1.3799
	0.2673
	0.096
	0.9440 - 2.0171

	nadir4
	0.9818
	0.008923
	0.043
	0.9645 - 0.9995

	bss
	2.5223
	1.8452
	0.206
	0.6013 - 10.5807

	ps
	0.9367
	0.04295
	0.154
	0.8562 - 1.0248

	_cons
	0.5070
	2.1523
	0.873
	0.0001235 - 2081.081


Coefficients of nadir PSA (nadir1, nadir2, nadir3, nadir4) were then tested simultaneously. There is a statistically significant association between nadir and relapse within 24 months on the OR scale (Wald two-sided P = 0.0143).

d. For each of the above regression models, provide an interpretation of the intercept.
In (a), the intercept is the estimated odds of relapse within 24 months among patients with no nadir PSA (nadir = 0), bone scan score of 0 (bss = 0) and the worst performance (ps = 0), which is 2.0723. This estimate is an extrapolation because the nadir PSA value of 0, bone scan score of 0 and performance status of 0 are outside the range of our data. There is no scientific use for this estimate.

In (b), the intercept is the estimated odds of relapse within 24 months among patients with nadir PSA value of 1 ng/ml (nadir = 1), bone scan score of 0 (bss = 0) and the worse performance (ps = 0), which is 3.0607. This estimate is an extrapolation because the bone scan score of 0 and performance status of 0 are outside the range of our data. There is no scientific use for this estimate.
In (c), the intercept is the estimated odds of relapse within 24 months among patients with no nadir PSA (nadir = 0), bone scan score of 0 (bss = 0) and the worst performance (ps = 0), which is 0.5070. This estimate is an extrapolation because the nadir PSA value of 0, bone scan score of 0 and performance status of 0 are outside the range of out data. There is no scientific use for this estimate.
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.  

. regress nadir relapse24 bss ps, robust
	Parameter
	Estimate
	Robust SE
	P-value
	95% CI
	

	relapse24
	23.5177
	11.4327
	0.046
	0.4765 - 46.5588

	bss
	6.8456
	4.6887
	0.151
	-2.6039 - 16.2950

	ps
	-0.5100
	0.6184
	0.414
	-1.7562 - 0.7363

	_cons
	31.0281
	53.1224
	0.562
	-76.0330 - 138.0892


On average, the mean nadir PSA level for patients who relapsed within 24 months is estimated to be 23.52 ng/ml higher than the mean nadir PSA level for patients who did not relapse within 24 months but with the same bone scan score and performance status. The estimated difference in mean nadir PSA is statistically significant (two-sided P = 0.046) with a 95% CI suggesting that the observed data is not unusual if the true difference were anywhere between 0.4765 ng/ml and 46.5588 ng/ml.
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.)
. g lnadir = log(nadir)

. regress lnadir relapse24 bss ps, robust

	Parameter
	Estimate
	Robust SE
	P-value
	95% CI
	

	relapse24
	2.6142
	0.5935
	< 0.001
	1.4182 - 3.8103

	bss
	0.4818
	0.2978
	0.113
	-0.1183 - 1.0819

	ps
	-0.0072
	0.0277
	0.795
	-0.0630 - 0.0485

	_cons
	-1.1664
	2.4967
	0.643
	-6.1981 - 3.8654


On average, the geometric mean nadir PSA level for patients who relapsed within 24 months is estimated to be exp(2.61) = 13.6 times the geometric mean PSA level for patients who did not relapse within 24 months but with the same bone scan score and performance status. The estimated relative difference in geometric mean nadir PSA is statistically significant (two-sided P < 0.001) with a 95% CI suggesting that the observed data is not unusual if the true relative difference comparing the geometric mean nadir PSA of those who relapsed to those who did not relapse but with the same bone scan score and performance status were anywhere between exp(1.4182) = 4.13 and exp(3.8103) = 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? 
Analysis 1: logistic regression of relapse24 on nadir PSA modeled as continuous, untransformed variable

Analysis 2: logistic regression of relapse24 on nadir PSA modeled as continuous, log transformed variable

Analysis 3: logistic regression of relapse24 on nadir PSA modeled as linear splines with knots at 1, 4 and 16 ng/ml

Analysis 4: linear regression of nadir PSA on relapse24

Analysis 5: linear regression of log nadir PSA on relapse24 (geometric mean regression)

I think Analysis 1 is the most basic straightforward analysis to determine if there is a linear trend if we have no prior knowledge on how nadir PSA might affect the risk of relapse within 24 months. Analysis 2 is best used when we are interested in how nadir PSA acts on the multiplicative scale. I think Analysis 3 is more advanced and is best used when we have reason to think that nadir PSA acts differently on the min nadir PSA to 1 ng/ml range, 1 to 4 ng/ml range and 16 to max nadir PSA ng/ml range. But note that the coefficient estimates are more difficult to interpret. I would use Analysis 4 if I want to know if there is any difference in the average nadir PSA value between patients who relapsed and those who did not. I would use Analysis 5 to determine if there is any difference in the average nadir PSA level on the multiplicative scale between the two groups of patients.
I would prefer Analysis 2 a priori because I don't think the increase in risk of relapse will be the same for each constant absolute increase in nadir PSA along the range of nadir PSA. It will be better to model nadir PSA as having a multiplicative effect on risk of relapse (i.e. same increase in risk of relapse for each doubling of nadir PSA).
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.)
Different patients might reach their nadir PSA at different times and we were comparing the nadir PSA values without taking into account the time aspect.

