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Biost 536: Categorical Data Analysis in Epidemiology

Emerson, Fall 2013

Homework #3

November 21, 2013

Provide suitable descriptive statistics for dataset psa.txt 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.)

I dichotomized the continuous nadirpsa values into four levels using the 25%, 50%, and 75% quartiles of their logs
, since logs provided a better spread of this quantity.  The categorical nadirpsa levels are: [.1 , .2],  [.3 , .9], [1. , 8.], [10. , 183.] . My introductory text and table for a report on this data is as follows:

This study examines the possible association between the lowest (nadir) psa level (attained following hormone treatment) and continued remission, versus relapse, of prostate cancer within 24 months.  Fifty prostate cancer patients were treated with hormone therapy, then followed for at least 24 months to assess their lowest psa level and remission/relapse status during observation.  The table below summarizes four levels of nadir psa and the associated remission/relapse status of the subjects with each level.

	Remission and Relapse Within 24 Months

	Nadir PSA Level (ng/ml)
	Remission
	Relapse

	.1 - .2
	15 (100%)
	0 (0%)

	.3 - .9
	6 (60%)
	4 (40%)

	1. - 8.
	6 (50%)
	6 (50%)

	10. - 183.
	1 (7.7%)
	12 (92.3%)


1. 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.

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.

      Stata commands used:

logit relap24 nadir ps bss

estimates store full

quietly logit relap24 ps bss if nadir < .

lrtest full

logistic relap24 nadir ps bss  (as a check)

The analysis indicates that when adjusted for performance status and bone scan score, each 1 ng/ml increase in nadir psa increases the odds of relapse within 24 months by 3.3% (95% CI [-1.3% , 8.2%]). This figure is only "borderline" statistically significant; a wald test gives p=.156, while a LR test of the full (nadir, ps, bss) model versus reduced model (ps, bss) gives p=.033.

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.

     Stata commands used:

generate lognadir = ln(nadir)   (used for question 1 also)

logit relap24 lognadir ps bss

estimates store full

quietly logit relap24 ps bss if lognadir < .

lrtest full

logistic relap24 lognadir ps bss  (as a check)

The analysis indicates that when adjusted for performance status and bone scan score, each 1 unit increase in the log of nadir psa increases the odds of relapse within 24 months by 136.3% 
(95% CI [41.9% , 293.3%]). This figure is statistically significant; a wald test gives p=.001, while a LR test of the full (lognadir, ps, bss) model versus reduced model (ps, bss) gives p<.0001 .

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.
     Stata commands used:

mkspline snadir1 1 snadir2 4 snadir3 16 snadir4 = nadir

logistic relap24 ps bss snadir1 snadir2 snadir3 snadir4

test snadir1 snadir2 snadir3 snadir4

estimates store full

quietly logistic relap24 ps bss

lrtest full

The analysis indicates that when adjusted for performance status and bone scan score, each 1 unit increase in nadir psa changes the odds of relapse within 24 months by different amounts in the four different groups.

    group  nadir psa   Delta OR for relapse

                  range            with 95% CI

      1      [.1,1)             29.6      [.721 , 1217.]

      2      (1.,4)             .903      [.287 , 2.85]

      3      (4,16)             1.38      [.891 , 2.14]

      4       >16               .982      [.948 , 1.02]

Each of these odds ratios do not qualify as being statistically significant.  However, this model shows the association of "relapse versus nadir psa" is overall statistically significant via the likelihood ratio test of full versus reduced model (p=.0004) and via the Wald test for all four spline coefficients (stata "test" command) (p=.023).

For each of the above regression models, provide an interpretation of the intercept.

For analysis a, the intercept is the log of the odds for relapse at 24 months in a subject with nadir psa, performance level, and bone scan score of all zero.  There are no such subjects, so the intercept in this adjusted model has no real physical interpretation.

Similarly for analysis b, except the intercept corresponds to a nadir psa level of one, not zero, so that log(nadirpsa) is zero.

For the spline analysis, with categorical values of nadir psa
, I do not have any interpretation of the intercept term except that it provides a "degree of freedom" to your model equation so that it fits accurately in the domain of interest of the predictors.

2. 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.

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.

     Stata commands used:

regress nadir relap24 ps bss

estimates store full

quietly regress nadir ps bss

lrtest full

The analysis indicates a "borderline" statistically significant association between the occurrance of relapse within 24 months and the level of nadir psa, wald test p=.06, likihood ratio test p=.05 .  The predicted increase in nadir psa for having a relapse is 23.5 ng/ml (95% CI [-1.02 , 48.1]). However, given the wide range of nadir psa levels, including an exceptionally high value of 183, I believe this value (23.5) is essentially meaningless.

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.)

     Stata commands used:

regress lognadir relap24 ps bss

estimates store full

quietly regress lognadir ps bss

lrtest full

The analysis indicates that when adjusted for performance status and bone scan score, a strongly statistically significant association between the occurrance of relapse within 24 months and the log of nadir psa level, wald test and likihood ratio test both have p<=.001 . The predicted increase in log of nadir psa for having a relapse is 2.61, corresponding to an increase of exp(2.61) = 13.6 ng/ml (95% CI [4.62 , 40.4]). This estimated increase in nadir psa, while more credible than that of the previous analysis due to the reduced range of log nadir psa, is still without much practical value
.

3. Consider the analyses performed in problems 2 and 3 above.

What are the relative merits of the five analyses. Which might you prefer a priori? Why?
Model 2a is the most straightforward and easiest to interpret, however the wide distribution of the nadir psa levels, with most very small but some huge, make the mathematical model awkward with the resulting (numerically computed) coefficients of questionable accuracy.

2b. Using the log nadir psa level greatly reduces the range and increases the separation of the predictor data, therefor the mathematical fit of the regression (i.e. numerical computation of the coefficients) is intuitively more accurate. The coefficients are slightly more difficult to interpret than those of the first model.

2c. Stratifying the nadir psa levels into distinct categories has an advantage of smoothing inaccuracies in the psa measurements and compensating for outlier values. However, we have no clear insight from this data about where to choose the knots, that is, make the categorical subdivisions. I would have preferred to choose the knots at the psa levels I delineated in problem 1, rather than the ones given in the problem statement.

3a,b:. The reverse approach may be useful as an alternate check on the association between nadir psa and relapse, however, I do not feel the computed coefficients, giving a single jump in a continuous variable according to the binary "relap24", have any value
.

At first inspection, I would prefer to use analysis 2, which uses the POI of log nadir psa level.  This makes the best use of the data available (POI values have a good spread and reasonable range) and does not require any assumptions about grouping the psa levels into categories.

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.)

Our analyses rely on the indicator of "relap24" which is intended to indicate if relapse has occurred by the 24th month of follow-up.  We do not really have this data for each subject.  We only know whether relapse has occurred at the last follow up, which for many subjects is well beyond 24 months.  So our fundamental measure of relapse is inaccurate!

�43 / 50


�The logarithmic transformation is “monotonic” which means that quantiles determined on the untransformed scale and those determined on the logarithmic scale will correspond exactly to each other





You shoulc have provided descriptive statistics on the other covariates, as well.


�It is actually 13.63 times higher, so that is 1363% (you are off by a factor of 10)


�Actually has same interpretation as in part a


�I do not know why it would be meaningless. It is perfectly valid.


�This is highly interpretable


�I think it far better to choose knots based on scientific levels than quantiles. But one should consider the amount of information you have in each region.


�This is just a two sample test. There is no problem with its interpretation. Arguably, it is a less problematic interpretation than the OR. (Had the log nadir been normally distributed, the difference in means corresponds to an OR in some sense.)


�No. We have perfect measurement of whether relapse occurred within 24 months. There is no problem.





The problem has to do with the timing of when the nadir occurred.






