DCEA10_Mam_HW5_Assignment Commentary

Comments on Mammography Assignment #5

(One-way and two-way sensitivity analyses.)

Points 1-6 below discuss point allocation.

Points 7-10 discuss components of the analyses of the SAs.

Point 11 is an extensive discussion of how cost changes when the false positive rate             is changed.
1. As has been the case for the past three mammography assignments, we have made available a total of 2 bonus points, against a base of 10 possible points on the homework.  This permits those who successfully complete most of the fundamentals of the assignment to receive a reasonable score, while still permitting those who do exceptional work to receive tangible acknowledgment.  Consequently, there is actually a total of 12 points potentially available to each student.  

2. The 12 possible points were allocated as follows:  6 regular points available for executing the mechanics of the tree-and-table work, and another 6 points (4 regular points and 2 bonus points) available for the analysis of the 2 different SAs.  

3. For each of the analyses, we gave just 1 point if you stated only something that was true, but irrelevant or unimportant. We made available a number of points for various true and relevant statements about the SAs, and took off 1 point for each false statement.  

4. For each of the analyses, regardless of how many of the relevant points were mentioned, only 4 points could be earned.  For the analysis of the 2-way SA, the first 2 points were allocated to question 7 on the grading spreadsheet, and the second 2 points were allocated to question 9, (under ‘bonus points’).  For the analysis of the 1-way SA, the first 2 points went to question 8, and the second 2 points to question 10, (under ‘bonus points’).  As is always the case, a maximum of only 2 bonus points could be earned overall, so that if the total points for questions 9 and 10 was 2 points or more, only 2 points were included in the total points for the assignment.

5. Regardless of how many false statements were made, it was not possible to earn less than zero points for either of the analyses (for the 2-way SA, the total for questions 7 & 9; for the 1-way SA, the total for questions 8 & 10).

6. In the discussion below, whenever we say “$/QALY” we am referring to ‘direct costs per QALY ’, as direct costs were the only costs considered in this assignment.

7. For the analysis of the 2-way SA, we used several separate items to award points.  Some of these are overlapping or even nearly redundant, but we wanted to award points for any true and relevant statement.  (Recall that we have established that for developed nations, <$50,000/QALY is usually considered cost-effective, $50,000-150,000/QALY is in the “maybe” range, and >$150,000/QALY is usually not considered cost effective.)  
8. Here are some of the most important points:
a. As mortality reduction (effectiveness) drops below 10-15%, the (40-49) curve gets increasingly steep (that is, $/QALY gained is increasingly sensitive to decreases in effectiveness). This is expected; as mortality reduction approaches zero, we should see $/QALY approaching infinity.  [1.5 points possible]

b. The key to low $/QALY gained is higher mortality reduction, the effective range of which varies across age groups.  Consequently, the group becomes the main determinant of the appropriateness of mammography. [1.5 points possible]

c. Doubling effectiveness (mortality reduction) from 7% to 15% in the 40-49 group moves $/QALY from the generally unacceptable range (at $248,787, > $150,000 per QALY gained) to the “maybe” range (at $100,064, inside the $50,000 - $150,000 per QALY “maybe” range).  Within the plausible range selected for this exercise (5%-15% mortality reduction), screening mammography never reaches the generally acceptable range of cost-effectiveness (<$50,000/QALY).  [1.5 points possible]

d. At the base case effectiveness (mortality reduction) rate of 30%, both older groups have a $/QALY (50-59:  $31,877 & 60-69:  $27,903) that is within the generally acceptable range (<$50,000/QALY).  Halving effectiveness (from 30% to 15%) in the two older groups results in a $/QALY (50-59:  $66,507 & 60-69:  $57,995) that falls into the “maybe” range ($50,000 - $150,000 per QALY gained), but pretty close to the generally acceptable range (<$50,000/QALY).  In general, the curves for the two older age groups are relatively flat throughout the plausible range of effectiveness values, so that the cost-effectiveness of mammography is robust across that plausible range.   [1.5 points possible]

e. Effectiveness (mortality reduction) is clearly important in determining $/QALY gained (increase in effectiveness ( decrease in $/QALY gained); the other major determinant is incidence of breast cancer (risk) (increase in age ( increase in incidence ( decrease in $/QALY gained).  [1.5 points possible]

f. Note that even when mortality reduction is identical (at 15%) the 40-49 year old group has much higher $/QALY gained than do the 50-59 or 60-69 year old groups.  This is primarily due to different rates of incidence.  [1.5 points possible]

g. For women 40-49, effectiveness (mortality reduction) of 10.5478% generates a $/QALY of $150,000/QALY; effectiveness of 15% generates a $/QALY of $100,064/QALY; effectiveness of 28.3462% generates a $/QALY of $50,000/QALY.  These three effectiveness rates—10.5478%, 15%, and 28.3462%--generate $/QALY that are at the top, the middle, and the bottom of the “maybe” range for developed nations ($50,000-$150,000/QALY). (Note that by looking here only at direct costs—excluding time costs—we skew our analysis slightly; in the ‘real world’, we would want to include time costs.)  [1.5 points possible]

h. Given that an increase in effectiveness (mortality reduction) from 7% to 10.5478% would put the $/QALY of mammography for women in their 40’s ($150,000/QALY) at the upper end of the “maybe” range, and also given that an increase in effectiveness from 7% to 28.3462% would put the $/QALY of mammography for women in their 40’s ($50,000/QALY) at the low end of the “maybe” range and at the upper end of the “generally acceptable” range, and finally given that the effectiveness for women in their 50’s is 30%, it would be useful to determine if there are subsets of the 40-49 population (e.g.—those aged 47-49, those with particular family histories, smokers, etc.) that should be studied carefully to determine if they might be generally included in those for which mammography screening is considered cost-effective.  [1.5 points possible]

i. Students who said none of the above, but did say something that was true, were given 1 point.  

j. Students who said something that was false lost one point for each false statement, but the score for questions 7 & 9 could not go below 0.

9. For the analysis of the 1-way SA, we used several separate items to award points.  Some of these are overlapping or even nearly redundant, but we wanted to award points for any true and relevant statement. (Once again, recall that we have established that for developed nations, <$50,000/QALY is usually considered cost-effective, $50,000-150,000/QALY is in the “maybe” range, and >$150,000/QALY is usually not considered cost effective.)   
10. Here are some of the most important points:
a. As the false positive rate increases, the $/QALY gained increases; there is a positive correlation between increasing false positive rates and increasing $/QALY.  [1 point possible]

b. As the false positive rate increases, the $/QALY gained is increasingly sensitive.  [1.5 points possible]

c. Even at ½ of the baseline false positive rate (0.005 rather than 0.010), $/QALY gained is $225,843, well into the generally unacceptable range of >$150,000/QALY.  [1.5 points possible]

d. The $/QALY gained falling into the generally unacceptable range is robust across all plausible false positive values. [1.5 points possible]

e. Note that even if the false positive rate is zero, the $/QALY gained is $206,774, still well into the unacceptable range.  [1 point possible]

f. An increase in false positive rates leads to a decrease in QALYs gained (the denominator of $/QALY gained); this, not the effect on cost (the numerator of $/QALY gained) is what drives up the $/QALY gained.  {See the final item below for a discussion of the effect on cost.}  [1 point possible]

g. The Excel workbook does not reflect changes in costs that would result from changes in the false positive rate; in the real world, there would be a change in costs.  {Refer to the final item in this grading commentary for a complete discussion of this matter.} [1 point possible]

h. The result we observe is expected, since low risk (1.3%), low mortality (20%), and low mortality reduction (7%) generate low QALYs and therefore high $/QALY for screening mammography in women 40-49, even at a 1% False Positive rate (0.01).  Decreasing QALYs in the mammography arm of the tree (by increasing the False Positive rate) is expected to rapidly increase the $/net QALYs, as it clearly does.  [1 point possible]

i. As the false positive rate increases from 0.005 to 0.02, the $/QALY increases from $225,843 to $312,228, or $57,590/QALY for every 1% increase in the false positive rate.  As the false positive rate increases from 0.02 to 0.04, the $/QALY increases from $312,228 to $637,198, or $162,485/QALY for every 1% increase in the false positive rate.  Over the entire range from 0.005 to 0.04, the $/QALY increases by $117,530/QALY for every 1% increase in the false positive rate.  So, this model is not robust as regard false positive rates over this range, and is especially non-robust for false positive rates above 2%.  [1.5 points possible]

j. Students who said none of the above, but did say something that was true, were given 1 point.  

k. Students who said something that was false lost one point for each false statement, but the score for questions 8 & 10 could not go below 0.

11. We certainly didn’t expect students to mention all or even most of the above, but we wanted to provide assorted opportunities to earn the points.  We are hopeful that recounting them all here provides some useful examples of the sort of information these SAs make available.

12. What follows is an extensive discussion of how cost changes when the false positive rate is changed.  
Note that the way the interactive Excel workbook was set up for the 1-way SA, changing the false positive rate in cell F2, above the 1-way table, led to changes in the false positive rate in cells D52 and E52 of the “QALYs by Outcome and Age” worksheet.  This, in turn, led to changes in the QALYs in cells H24, H30, and H36 of the “DA- Tree (40-49)” worksheet.  And these changes then led to a change in the probability weighted mammography branch expected QALY in cell H40, and so also to a change in the net ‘mammog-no mammog’ QALY in cell H42, and finally to a change in the $/QALY gained in cell J44.  The value in cell J44 is the one that you copied and pasted into the one-way table, leading to the sprouting of legs on your graph.

In this setup, there was no change whatever in direct cost, the numerator in $/QALY.  The probability weighted expected cost of mammography remained $762, and the ‘mammog-no mammog’ difference remained $524.  This is not what we would actually observe in the real world; an increasing false positive rate would lead to higher expected costs.  This was not done in this case because (a) the effect of the changes in cost on the net $/QALY value are relatively trivial, and (b) the increasing complexity of both items changing at once makes it more difficult for the student to keep track of what’s going on.

If we were, for example, to double the expected false positive rate from 0.010 to 0.020, and plug this change into the calculation for cell J38 (direct cost of asp/biop for ‘no-cancer’ patients), the expected cost would increase to $50, from $25.  This change would also lead to increased expected costs in the ‘cancer, die’ and ‘cancer, live’ branches; these would increase to $525 (from $513, in cells J26 and J32).  Consequently, the probability weighted expected cost of mammography would increase to $787 (from $762; cell J40), and the ‘mammog-no mammog’ difference would increase to $549 (from $524, cell J42).

Without any change in the QALY gained portion of the $/QALY gained calculation, that value would increase from the original $248,878 to $260,574 as a result of the change in costs.  (Compare this to the $248,878 to $312,228 increase resulting from changing just the QALYs gained.)  When both inputs (expected net direct costs and expected net QALYs) are changed, the $/QALY gained for ‘mammog-no mammog’ increases from $248,878 to $327,021.

We mention all this because over the years many students have alluded to changes (or no changes) in cost, and we wanted to make clear the differences between what we did in this exercise as opposed to what we would expect to observe in the real world.

