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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 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.)
We have a total of 50 observations made on patients between the age of 58 and 86 years old. We do not have censored data (all patients were followed for at least 24 months).

Of these, 28 patients did not relapse within 24 months, while 22 patients did. We have no missing data on nadir, but we do have some missing data on PS (2), BSS (2), grade (9) and Pretx (7).
Measurements were made on:

nadir =
lowest PSA value attained post therapy (ng/ml)

pretx =
PSA value prior to therapy (ng/ml)

ps = performance status (0= worst, 100= best)

bss = bone scan score (1= least disease, 3= most)

grade = tumor grade (1= least aggressive, 3= most)

age = patient's age (years)

obstime= time observed in remission (months)

inrem=  indicator whether patient still in remission at last follow-up

Our POI is nadir (continuous variable), and our outcome is relap24 (Indicator variable for relapse within 24 months).

Table1: descriptive statistics by groups defined by whether the subject relapsed within 24 months or not:
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We notice that we do not have any events in the group with BSS score = 1, and everyone in the group with PS=60 did relapse within 24 months.
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Nadir 28 (0) 4.12 17.28 0.1, 92 22 (0) 31.94 52.5 0.5, 183

Pretx 23 (5) 617.19 1252.08 4.8, 4377 20 (2) 732.35 1357.34 25, 4797

Age 28 (0) 66.71 5.84 58, 81 22 (0) 68.36 5.68 61, 86
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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.

We have an observational, longitudinal, “cross-sectional” study on 50 patients.

Our primary question is about nadir (continuous variable). We want to know the prognosis value of decrease in PSA in severely advanced prostate cancer patients following hormonal treatment as prediction of time in remission independent of bone scan score, tumor grade, age, … Bone scan score (BSS) and Performance Status (PS) are both categorical variables. BSS has 3 categories (best, middle and worst, referring to least diseased, “in between” diseased, and most diseased respectively), while PS corresponds to 10 categories with 0 representing the worst performance, and 100 the best performance. However, the minimum performance status is 50 for both group, which reduces our data for PS to 5 categories (50, 60, 70, 80, 90 or 100 score). We are adjusting for these variables because we want to know if the lowest PSA level gives us more information, independently of these other known predictors.
Our predictor of interest is nadir and so, for ease of interpretation, I will include it in my model as a linear term and look for a linear trend between nadir and odds of relapse within 24 months. 

All analysis will be adjusted for BSS and PS. We need to decide how these will be included in our model in order to model these variables as well as we can.
These are ordered categorical variables. In order to keep the ordering, I could model them as continuous variables. My assumption would be then that the effect in one category is the same as in another category (“jumps” from one category to another are the same), and I would be allowing borrowing of information across categories. I do not believe that the effect in one category is the same as in another and I also do not necessarily believe that ordering is important. In which category a patient ends up is very subjective to the doctor deciding on the amount of diseased bone or the level of performance status he observes. One doctor might put a patient in one category one day, and another doctor might put that same patient in another category another day. Therefore, I’m deciding to leave these variables as categorical and will include them as dummy variables in my models. I am aware that I might lose power because of the loss of ordering.
It is believed that BSS and PS are confounders. I do believe that there might be an association between BSS and nadir measurement (higher nadir might imply higher diseased bone) and I also believe that BSS is causally associated with relapse independently of nadir. Same for PS. 
Note: The question did not state whether I should use classical logistic regression or logistic regression with robust standard error estimates. As I believe the latter is better owing to the possibility of handling model misspecification, I use it. I do note, however, that there is not a compelling reason to use the robust SE with logistic regression, because the impact of nonlinearity on the SE is typically small.

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. 

Model:

Logit[E(relap24| nadir, PS, BSS)] = β0 +  β1nadir + β2BSS + β3PS + β4PS60 + β5PS70 + β6PS80 + β7PS90 + β8PS100
(STATA command: xi:logistic relap24 c.nadir i.bss i.ps, robust)
Based on a logistic regression model adjusting for BSS and PS and using robust standard errors, the observed odds of relapse within 24 months is, on average, estimated at 1.03 times higher for each 1 unit increase in nadir value for patients with the same BSS and PS scores. This observed difference is not statistically different from an odds ratio of 1 (2 sided p-value = 0.483), with a 95% confidence interval suggesting that the observed odds ratio is what might be typically observed if the true odds ratio of relapse within 24 months was anywhere between 0.94 and 1.12 for each 1 ng/dl higher nadir level, keeping BSS and PS constant. We thus cannot reject the null hypothesis of no association between relapse within 24 months and nadir value when using the untransformed, continuous nadir variable as our POI.
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. 

Model:

Logit[E(relap24| log(nadir), PS, BSS)] = β0 +  β1nadir + β2BSS2 + β3BSS3 + β4PS60 + β5PS70 + β6PS80 + β7PS90 + β8PS100
(STATA command: xi: logistic relap24 c.lognadir i.bss i.ps, robust)
When comparing two groups with different nadir levels and after adjusting for BSS and PS, the odds of relapse within 24 months is estimated to be, on average, 10.8% higher (odds ratio 1.108) for each 10% difference in nadir level, with the group having the higher level of nadir tending toward a higher odds of relapse within 24 months. This observed difference is statistically different from an odds ratio of 1 (2 sided p-value=0.022), 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 1.5% and 21.1% higher for each 10% higher nadir level (odds ratios 1.015 and 1.211). We thus reject the null hypothesis of no association between relapse time and nadir value in favor of a trend toward higher odds of relapse among subjects with higher nadir levels, keeping BSS and PS constant.
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. 

Model:

Logit[E(relap24|nadir, PS, BSS)] = β0 +  β1nadir1 + β2nadir4 + β3nadir16 + β4nadirAbobe16 +  β5BSS2 + β6BSS3 + β7PS60 + β8PS70 + β9PS80 + β10PS90 + β11PS100
(STATA command: 

mkspline nad1 1 nad4 4 nad16 16 nadabove=nadir

xi: logistic relap24 nad1 nad4 nad16 nadabove i.bss i.ps, robust)
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Based on a logistic regression model adjusting for BSS and PS and using robust standard errors where we modeled our predictor of interest using splines, the observed odds ratio of relapse within 24 months is, on average, estimated to be 368.90 times the odds (95% CI: .94, 144630) for each 1 unit increase in nadir value, for patients with a nadir value less than 1 ng/dl;  0.76 times the odds (95% CI: .19, 3.03) for each 1 unit increase in nadir value, for patients with a nadir value between 1 and 4 ng/dl; 1.519 times the odds (95% CI: .90, 2.56)  for each 1 unit increase in nadir value, for patients with nadir value between 4 and 16 ng/dl, and 0.974 times the odds (95% CI: .94, 1.00) for each 1 unit increase in nadir value for patients with a nadir value above 16 ng/dl, after adjusting for BSS and PS scores. The overall observed difference is statistically different from an odds ratio of 1 (2 sided p-value = 0.0456). We thus reject the null hypothesis of no association between relapse within 24 months and nadir value, when using splines to model our predictor of interest, in favor of a trend toward higher odds of relapse among subjects with nadir levels less than 1ng/dl and between 4 and 16 ng/dl, and lower odds of relapse among subjects with nadir levels between 1 and 4 ng/dl and above 16 ng/dl, keeping BSS and PS constant.
d. For each of the above regression models, provide an interpretation of the intercept.
First model:

The estimated intercept of 5.00e-08 corresponds to the odds of relapse within 24 months among patients with a nadir value of zero, a PS score of 50, and a BSS score of 1 (least diseased).

Second model:

The estimated intercept of 2.98e-07 corresponds to the odds of relapse within 24 months among patients with a log(nadir) value of zero (or nadir value of 1),  a PS score of 50, and a BSS score of 1 (least diseased).

Third model:

The estimated intercept of 1.08e-08 corresponds to the odds of relapse within 24 months among patients with a nadir value of zero,  a PS score of 50, and a BSS score of 1 (least diseased).   

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.  

Linear regression with nadir as the response, relap24 as the predictor of interest (categorical 0-1), and with adjustment for BSS (categorical 1-2-3) and PS (categorical 50-60-70-80-90-100), with standard robust error estimates. BSS and PS were left as categorical variables to avoid borrowing of information across strata and because I believe the effect in one category is different than in another category..
Model:

E(nadir|relap24, PS, BSS) = β0 +  β1relap24 +  β2BSS2 + β3BSS3 + β4PS60 + β5PS70 + β6PS80 + β7PS90 + β8PS100
(STATA command: regress nadir i.relap24 i.bss i.ps, robust) 
The mean nadir value is estimated to differ between patients that relapsed and patients that did not by an average of 16.62 ng/dl, keeping BSS and PS constant, with the group that relapsed tending toward a higher average nadir value. This result is not significantly different from 0 (2 sided p-value = 0.198), with a 95% CI suggesting that such observed results would not be unusual if the true difference in mean nadir between patients that relapsed and those that did not and with the same BSS and PS score were anywhere between -9.05 ng/dl and 42.30 ng/dl. We thus cannot reject the null hypothesis that mean nadir does not differ across relaps24 groups after adjusting for BSS and PS.

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.)

Model:

E(log(nadir)|relap24, PS, BSS) = β0 +  β1relap24 +  β2BSS2 + β3BSS3 + β4PS60 + β5PS70 + β6PS80 + β7PS90 + β8PS100
(STATA command: regress lognadir i.relap24 i.bss i.ps, robust)
The geometric mean of nadir value is estimated to differ between patients that relapsed and patients that did not by an average of 12.31 ng/dl (251.02%), after adjusting for BSS and PS, with the group that relapsed tending toward a higher geometric mean nadir value. This result is significantly different from 0 (2 sided p-value <0.001), with a 95% CI suggesting that such observed results would not be unusual if the true difference in geometric mean nadir between patients that relapsed and those that did not and with the same BSS and PS score were anywhere between 3.70 ng/dl and 40.98 ng/dl (130.73% to 371.30%), with the group that relapsed within 24 months tending toward higher geometric mean nadir value. We thus reject the null hypothesis that geometric mean nadir does not differ across relaps24 groups after adjusting for BSS and PS, in favor of a trend of higher geometric mean nadir among patients that relapsed within 24 months, keeping BSS and PS constant.

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?

	
	p-value

	Analysis 1: Untransformed continuous 
	0.483

	Analysis 2: Log transformed continuous
	0.022

	Analysis 3: Splines
	0.0456

	Analysis 4: linear regression on untransformed continuous response
	0.198

	Analysis 5: Linear regression on log transformed continuous response
	<0.0001


Analysis 1: We are talking about odds ratios, which is not especially accessible to the general public. People can misuse odds quite often. We are also talking about effect on an additive scale, which might not be the best way to talk about the effect of the predictor. 
Analysis 2: Using the log transformed continuous nadir allows us to talk about multiplicative effect, which might be of greater clinical relevance than talking about an additive effect. Here, we would anticipate a multiplicative effect, and we are also dealing with a highly diseased population (prostate cancer with high PSA values to start with) and a skewed distribution, thus, log transforming nadir would seem like a good thing to do. 
Analysis3: Using splines would be useful if we did think that a very complex relationship existed between our outcome and predictor. It could also be useful if we were trying to determine “thresholds” where these complex relationships change. The problem there though is the ease of interpretation and communicating the results.
Analysis 4: Here, ease of interpretation is a merit. We are talking about the difference in means, which is a scale easy to interpret and easy for the public to understand. We are talking about the same scale as the one measurements were made. Doing the analysis in “reverse” also allows us to estimate that value of nadir that might give us an idea of a threshold value. 

Analysis 5: Here, we are talking about differences in geometric means. This might be a little less easy to interpret and understand, but allows us to stay on the multiplicative scale, while we are still talking about means, not odds.
A priori, I would prefer analysis 5. I believe that log transformed nadir would be more clinically relevant. We are concerned about a multiplicative effect. The “healthy” range is between 0 and 4 ng/dl, and level are allowed to go really high (max nadir is 183 ng/dl). A difference from 1 ng/dl to 2 ng/dl (100% increase or 1 additive unit increase), would be certainly more meaningful than another difference between 100 ng/dl and 101 ng/dl (still 1 additive unit increase, but only 1% increase). Also, because it is easier to talk about difference in means than to talk about odds ratio, I would have opt for linear regression when possible.
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.)
In this study, we have a temporality problem. We do not know if nadir, the lowest PSA level measured, came before or after relapse. We also do not know if the patient stayed at that lowest level, or if his level increased again right away. 
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				Relapse NO										Relapse YES

				N (missing)		Mean		St. Dev. 		Min, Max				N (missing)		Mean		St. Dev.		Min, Max

		Nadir		28 (0)		4.12		17.28		0.1, 92				22 (0)		31.94		52.5		0.5, 183

		Pretx		23 (5)		617.19		1252.08		4.8, 4377				20 (2)		732.35		1357.34		25, 4797

		Age		28 (0)		66.71		5.84		58, 81				22 (0)		68.36		5.68		61, 86
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		Relapse NO														Relapse YES

				N (%)				N (%)				N (%)						N (%)				N (%)				N (%)

		PS score				BSS score				Grade						PS score				BSS score				Grade

		50		1 (3.57)		1		5 (17.86)		1		7(29.17)				50		1 (5.00)		1		0 (0.00)		1		3 (17.65)

		60		0 (0.00)		2		9 (32.14)		2		8 (33.33)				60		2 (10.00)		2		4 (20.00)		2		7 (41.18)

		70		1 (3.57)		3		14 (50.00)		3		9 (37.50)				70		5 (25.00)		3		16 (80.00)		3		7 (41.18)

		80		13 (46.43)		Total		28 (100)		Total		24 (100)				80		8 (40.00)		Total		20 (100)		Total		17 (100)

		90		11 (39.29)												90		3 (15.00)

		100		2 (7.14)												100		1 (5.00)

		Total		28 (100)												Total		20 (100)








