
Judging the gift from the Box: Reflections on the power and 
significance of Bernie O'Brien's “Power and Significance” 



Jeffrey S. Hoch, PhD 
 
I will be expressing my thoughts and not the official positions 
of any people or groups with whom I work. 



“Since you are always one of the highest 
ranked speakers at the CADTH 
Symposium,  I thought you would be a 
natural fit for the lecture series… 















"It would be difficult to find this 
collection of speakers anywhere 
else," said Greg Stoddart, a 
McMaster professor and co-
chair of the conference. "These 
are the best people in their 
fields in the world." 



Judging the gift from the Box: Reflections 
on the power and significance of Bernie 

O’Brien et al., 1994 



Review the paper 
Main points 

Give examples of the main points 
Empirical situations where this matters 

Bernie’s impact on me 
Take home messages 
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Bernie’s impact on me 

 

(c) Jeffrey Hoch, PhD 



(c) Jeffrey Hoch, PhD 



“there is obvious appeal in measuring cost and 
effect data on the same patients” 

! Analyze cost in studies of effectiveness ! 
 

“the use of statistical inference and hypothesis 
testing in the analysis of costs, effects and cost-
effectiveness when variables are sampled rather 
than approximated or assumed.” 

! Analysis of cost-effectiveness data ! 
Estimation and uncertainty 

(c) Jeffrey Hoch, PhD 



$203 million / 161 trials ≈ 
1.3 MILLION per Study! (c) Jeffrey Hoch, PhD 



Drug Safety and Effectiveness Network (DSEN) 
Mental Health Commission of Canada 
 

Will they budget for CEA? 
Will the CEA budget be used for CEA? 

(c) Jeffrey Hoch, PhD 



Clinical studies with results that researchers 
hope to use to influence clinical practice should 
be accompanied by economic evidence. 
 
If the clinical outcome from a trial is sufficient, 
so might the economic evidence from a trial, 
and vice versa. 

(c) Jeffrey Hoch, PhD 



“there is obvious appeal in measuring cost and 
effect data on the same patients” 

! Analyze cost in studies of effectiveness ! 
 

“the use of statistical inference and hypothesis 
testing in the analysis of costs, effects and cost-
effectiveness when variables are sampled rather 
than approximated or assumed.” 

! Analysis of cost-effectiveness data ! 
Estimation and uncertainty 
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CEA methods when 
1) cost and effect data reported for each person 

Analyze data from one source 
2) person-level data are not available 

Analyze data from many sources  
Markov model / Decision tree 

 
In both cases, mainly 

Estimate = Incremental Cost-Effectiveness Ratio (ICER) 
Uncertainty = Sensitivity Analysis  

(c) Jeffrey Hoch, PhD 



1) The analyst has discretion as to which 
variables and what alternative values are 
included in the sensitivity analysis. 
2) Interpretation is arbitrary as there are no 
standards for what degree of variation in results 
is acceptable proof that the analysis is 'robust'. 
3) Variation of uncertain parameters one at a 
time carries a risk that interactions between 
parameters may not be captured. 
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ICER estimate 

Lower 95% CI 
for the ICER 

Upper 95% CI 
for the ICER 

Lower 95% CI 
for the ∆E 

Upper 95% CI 
for the ∆E 
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Lower 95% CI 
for the ∆E 

Upper 95% CI 
for the ∆E 

Upper 95% CI 
for the ∆C 

Lower 95% CI 
for the ∆C 
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Estimates of ∆C and ∆E are made from Cost and Effect data that are likely correlated 

ICER estimate 

Lower 95% CI 
for the ICER 

Upper 95% CI 
for the ICER 
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GOAL: Create a 95% CI for the ICER (∆C/∆E),  
not the parts (∆C and ∆E) 

2 options: 
Taylor’s Approximation 
Bootstrapping 
 



Calculate the variance of the ICER and then… 
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My sample: 

      
Bootstrap sample #1 

      
Bootstrap sample #2 

      
Bootstrap sample #3 

      
Bootstrap sample #4 

      
Bootstrap sample #5 

      

Bootstrap sample #B 

      
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Sample from your sample (bootstrap) 
Look at the resulting distribution of ICERs 
“trap” the middle 95% 
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The middle 95% of the “bootstrap” ICER distribution 

The middle 95% of the “normal” ICER distribution 
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Step 1: Compute the formula below 

Step 2: Hope you did not make a mistake 
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Review the paper 
Give examples of the main points 
Bernie’s impact on me 
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P = Homeless people with mental illness 
I = Assertive community treatment (ACT) 
C = Usual care (walk it off therapy) 
O = Days of stable housing 
 
 
Major research project 

“Over the past 3 years, funding for these 5 projects 
totaled $26.8 million in gov’t funds” 

(c) Jeffrey Hoch, PhD 
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∆C = -$5,072 

∆E = 36 days 

ICER = ∆C / ∆E 
ICER = -$5,072 / 36 days 
ICER ≈ -$142 per additional day  
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ICER = ∆C / ∆E 
ICER = -$5,072 / 36 days 
ICER ≈ -$142 per additional day  

a 



-2
00

00
-1

00
00

0
10

00
0

20
00

0
E

xt
ra

 C
os

t

-100 -50 0 50 100
Extra   Effect

ICER = ∆C / ∆E 
ICER = -$5,072 / 36 days 
ICER ≈ -$142 per additional day  

$755 per 
extra day 

-$65 per 
extra day 

-$142 per 
extra day 



“I’m pretty sure that the true value is between 
 
 
 
 
 
 
And my best guess is that the ICER is -142.  

-$65 $755 
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∆E not p < 0.05 
95% CI for ICER doesn’t make sense 
Haven’t accounted for uncertainty in ∆C yet 

(c) Jeffrey Hoch, PhD 
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How to draw 2 lines 
from the origin that 
contain the box??? 



-2
00

00
-1

00
00

0
10

00
0

20
00

0
E

xt
ra

 C
os

t

-100 -50 0 50 100
Extra Effect

The confidence 
intervals do not look 
similar or good. 



The “∆E 95% CI” does not contain the box 
The box CI does not contain the box 
All I can say about the ICER’s uncertainty is that 
I am uncertain about how to express it 
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Assuming NO correlation, 
cannot get lines from the 
origin to be tangent   
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With correlation, things 
are not better   

ρ = -0.39 
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Confidence Box and 
Confidence Ellipse do not 
seem related when there 
is correlation  
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Confidence Box and 
Confidence Ellipse do not 
seem related when there 
is NO correlation  
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Nothing is working and it 
seems like the 95% CIs for 
∆C and  ∆E are not right 
 
 



We are not after a 95% CI for ∆E, ∆C or both; 
we seek a 95% CI for a function of ∆C and ∆E 
 
ICER ≡ ∆C / ∆E and INB ≡ ∆E λ - ∆C  
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Taylor’s approximation 
Bootstrapping 
Fieller’s theorem 





Taylor’s approximation 
Bootstrapping 
Fieller’s theorem 
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Taylor’s approximation 
Bootstrapping 
Fieller’s theorem 
Cost-effectiveness acceptability curve (CEAC) 

(c) Jeffrey Hoch, PhD 



      +-----------+ 
      |      icer | 
      |-----------| 
   1. | -208959.2 | 
   2. | -10148.99 | 
   3. | -9818.279 | 
   4. | -8697.708 | 
   5. | -8104.338 | 
      |-----------| 
   6. | -5711.276 | 
   7. | -4590.097 | 
   8. | -4487.878 | 
   9. | -4071.302 | 
  10. |  -4035.07 | 
      |-----------| 
  11. | -3990.472 | 
  12. | -3977.136 | 
  13. | -3727.241 | 
  14. | -3178.251 | 
  15. | -3074.219 | 
      |-----------| 
  16. | -2970.422 | 
  17. | -2878.403 | 
  18. | -2772.987 | 
  19. | -2615.952 | 
  20. | -2407.651 | 
      |-----------| 
  21. |  -2125.95 | 
  22. | -2118.703 | 
  23. | -2100.793 | 
  24. | -2032.782 | 
  25. | -2010.856 | 
       

 
 975. |  1694.685 | 
      |-----------| 
 976. |  1710.733 | 
 977. |   1736.83 | 
 978. |  1908.611 | 
 979. |  2022.328 | 
 980. |  2276.893 | 
      |-----------| 
 981. |  2395.489 | 
 982. |  2509.087 | 
 983. |  2557.764 | 
 984. |  2662.646 | 
 985. |   2723.05 | 
      |-----------| 
 986. |  2834.105 | 
 987. |  2875.642 | 
 988. |  3260.172 | 
 989. |  3309.066 | 
 990. |  3514.609 | 
      |-----------| 
 991. |    3699.1 | 
 992. |   5198.82 | 
 993. |  5467.617 | 
 994. |   5555.38 | 
 995. |  5670.703 | 
      |-----------| 
 996. |  6047.626 | 
 997. |  15219.27 | 
 998. |  15479.27 | 
 999. |  16808.19 | 
1000. |  79008.77 | 
       

1) Sort the 1,000 bootstrapped  
replicates from smallest to         largest  
 
2) Pick the 2.5% and     the 97.5% 
from the list 
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“I’m pretty sure that the true value is between 
 
 
 
 
 
 
And my best guess is that the ICER is -142.  

-$2011 $1695 

(c) Jeffrey Hoch, PhD 



Taylor’s approximation 
Bootstrapping (-2011, 1695) 
Fieller’s theorem 
Cost-effectiveness acceptability curve (CEAC) 



√ [big (+) – bigger (+)] = √ [(– #)] = ? 
 
Confidence is imaginary? 
 
Oops. 

Did I do it wrong or is the universe out to get me? 

 
Oh well, on to the next option… 

(c) Jeffrey Hoch, PhD 



Taylor’s approximation 
Bootstrapping (-2011, 1695) 
Fieller’s theorem 
Cost-effectiveness acceptability curve (CEAC) 

(c) Jeffrey Hoch, PhD 



Probability of 
Cost-
effectiveness  
 
or 
 
# of times the 
ICER is < WTP  

Willingness to pay (WTP) 

Why not use the bootstrap ICER replicates 
to make this graph? 

(c) Jeffrey Hoch, PhD 



-> tabulation of icer0k  Is the ICER < $0  
 
     icer0k |      Freq.     Percent        Cum. 
------------+----------------------------------- 
          0 |        333       33.30       33.30 
          1 |        667       66.70      100.00 
------------+----------------------------------- 
      Total |      1,000      100.00 
 
-> tabulation of icer5k  Is the ICER < $5,000  
 
     icer5k |      Freq.     Percent        Cum. 
------------+----------------------------------- 
          0 |          9        0.90        0.90 
          1 |        991       99.10      100.00 
------------+----------------------------------- 
      Total |      1,000      100.00 
 
-> tabulation of icer10k 
 
    icer10k |      Freq.     Percent        Cum. 
------------+----------------------------------- 
          0 |          4        0.40        0.40 
          1 |        996       99.60      100.00 
------------+----------------------------------- 
      Total |      1,000      100.00 

-> tabulation of icer50k   
 
    icer50k |      Freq.     Percent        Cum. 
------------+----------------------------------- 
          0 |          1        0.10        0.10 
          1 |        999       99.90      100.00 
------------+----------------------------------- 
      Total |      1,000      100.00 
 
-> tabulation of icer100k   
 
   icer100k |      Freq.     Percent        Cum. 
------------+----------------------------------- 
          1 |      1,000      100.00      100.00 
------------+----------------------------------- 
      Total |      1,000      100.00 
 

What % of the 
bootstrap replicates 
are < WTP? 

(c) Jeffrey Hoch, PhD 
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-> tabulation of icer50k  Is the ICER < $50,000   
 
    icer50k |      Freq.     Percent        Cum. 
------------+----------------------------------- 
          0 |          1        0.10        0.10 
          1 |        999       99.90      100.00 
------------+----------------------------------- 
      Total |      1,000      100.00 
 
-> tabulation of icer100k   Is the ICER < $100,000   
 
   icer100k |      Freq.     Percent        Cum. 
------------+----------------------------------- 
          1 |      1,000      100.00      100.00 
------------+----------------------------------- 
      Total |      1,000      100.00 
 

(c) Jeffrey Hoch, PhD 



Taylor’s approximation 
Bootstrapping (-2011, 1695) 
Fieller’s theorem 
Cost-effectiveness acceptability curve (CEAC) 

All of the ICERs are below $100,000 

If only a Figure could show this nicely…. 

(c) Jeffrey Hoch, PhD 
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λ or WTP = $100,000 
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Lesson #1: Negative ICER can be bad. 
Lesson #2: Smaller ICER can be bad. 
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ICER > $1000 
$0 < ICER  < $1000 
ICER < $0 

$1695 

-$2011 
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After sorting, the 438th point should not be an “extreme” point outside the CI 
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Negative ICERs are tricky! 
ICERs with both ∆C and ∆E < 0 must be > λ for CE 
Looking at things with graphs can help 

(c) Jeffrey Hoch, PhD 



Review the paper 
Give examples of the main points 
Bernie’s impact on me 

(c) Jeffrey Hoch, PhD 



Incremental net MONETARY 
benefit 

INMB = λ ∆E - ∆C 
 
If INMB > 0 then λ ∆E - ∆C > 0, 
so  λ > ∆C / ∆E  
 

Incremental net HEALTH 
benefit 

INHB = ∆E - ∆C/ λ 
 
If INHB > 0 then ∆E - ∆C/ λ > 0, 
so  λ  > ∆C/ ∆E 
  



In recent years, considerable attention has been devoted to the development of statistical 
methods for the analysis of uncertainty in cost-effectiveness (CE) analysis, with a focus on 
situations in which the analyst has patient-level data on the costs and health effects of 
alternative interventions. To date, discussions have focused almost exclusively on addressing 
the practical challenges involved in estimating confidence intervals for CE ratios. However, the 
general approach of using confidence intervals to convey information about uncertainty 
around CE ratio estimates suffers from theoretical limitations that render it inappropriate in 
many situations. The authors present an alternative framework for analyzing uncertainty in the 
economic evaluation of health interventions (the "net health benefits" approach) that is more 
broadly applicable and that avoids some problems of prior methods. This approach offers 
several practical and theoretical advantages over the analysis of CE ratios, is straightforward to 
apply, and highlights some important principles in the theoretical underpinnings of CE analysis. 



1. Hoch J. “Characterizing Uncertainty in the Economic Evaluation of an Assertive 
Community Treatment Program: Incremental Cost-Effectiveness Ratios, Net 
Health Benefits, and Policy Implications” presented at the Centre for Evaluation 
of Medicines, McMaster University, Hamilton, Ontario, March 2000. 
 

2. “beer” afterwards 
 

3. Working on the paper 
 

4. Recognition afterwards 
 

5. Mentorship 

(c) Jeffrey Hoch, PhD 



Regression INB λ or WTP 

OLS estimates are BLUE 
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Estimate issues 
What is the ICER? 
What is the INB? 

 
Uncertainty issues 

Why can’t I compute Fieller’s 95% CI? 
How can I create a CEAC? 
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------------------------------------------------------------------------------ 
      nb1000 |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval] 
-------------+---------------------------------------------------------------- 
          tx |   40685.18   28959.18     1.40   0.163    -16748.52    98118.89 
       _cons |   106136.6   18958.23     5.60   0.000      68537.4    143735.8 
------------------------------------------------------------------------------ 

100% - 16%/2 = 100% - 8% = 92% 
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There is tension in HTA 
between doing work that is 
theoretically correct versus 

practically useful. 
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I learned from Bernie that it is ok to  
Have funny titles 
Address a problem (even if the 1st attempt is not perfect) 
Help others, especially new researchers 
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“Health care cost matters for homeless people: An example of 
costing mental health and addiction services in homeless 
shelters in Canada”  
 
“All dressed up and know where to go: An example of how to 
use net benefit regression to do a cost-effectiveness analysis 
with person-level data (The ‘A’ in CEA)” 
 
“Something old, something new, something borrowed, 
something BLUE: A framework for the marriage of health 
econometrics and cost effectiveness analysis” 
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I learned from Bernie that it is ok to  
Have funny titles 
Address a problem (even if the 1st attempt is not perfect) 
Help others, especially new researchers 

 
 

Are we training people to replace the people we 
will miss? 

 
How can we reward behavior that helps us all? 
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Even with all of the data (from a trial), there is 
still uncertainty. 
 
Uncertainty in CEA is more than just a 95% CI 
for ∆C and one for ∆E.  You need one for a f(). 
 
It is ok to be understandable and to make a first 
attempt at solving a problem. 
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Estimates 

Uncertainty 

ICER INB 

INB by λ plot 

CEAC 

EVPI, EVPPI, EVSI, 
EVCSI: Hamilton, etc. 

Fieller’s Theorem 

Box Method, Taylor’s Approx. 

Confidence Ellipse 

Net benefit regression 

Bootstrapping 
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Bernie “never lost sight of the fact the main 
role of economic evaluation was to help 
doctors and health agencies, facing 
inevitable resource constraints, make cost 
effective choices under uncertainty.” 
- Martin Buxton 

“Bernie's contribution to health economics 
in the area of health economic evaluation 
is undeniable. Perhaps more importantly, 
however, was his infectious enthusiasm 
for his subject and his ability to inspire 
junior researchers. Those of us who knew 
Bernie will miss him terribly, yet it is the 
coming generation of health economists 
who have really lost out. Without Bernie, 
health economics will just be a little less 
fun.“ 
-Andrew Briggs 

“Bernie was deeply respected by all who had the 
privilege of working with him, not only for his 
brilliance and expertise, but also for his open 
manner, warmth, enthusiasm and constant 
pursuit of excellence.” 
-Les Levin 

“Bernie was obviously destined for a top 
leadership position in health economics. I 
imagine that he would have developed new 
ways to merge theory and practice. He would 
have also accomplished this whilst establishing a 
learning environment where the skills of a new 
cohort of young researchers were developed. 
-Michael Drummond 



jeffrey.hoch@utoronto.ca 
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1st MOH-
funded 
provincial 
HTA team 

At least 2 
RCTs 
funded 





A decade ago, Canada lost one of its most influential experts in health technology 
assessment. Professor Bernie O’Brien is remembered for his research contributions in 
areas including outcome valuation, decision modeling, statistical methods in 
economic evaluation, and applied cost-effectiveness studies. He was also an excellent 
communicator and teacher.  In this talk, I review one of Bernie's academic 
contributions, highlighting main points and demonstrating their relevance today. 
O’Brien et al.’s 1994 article, “In search of power and significance: Issues in the design 
and analysis of stochastic cost-effectiveness studies in health care” introduced 
researchers to “the feasibility and desirability of constructing statistical tests of 
economic hypotheses and estimation of cost-effectiveness ratios with associated 
95% confidence intervals.” This was an important point in the history of Health 
Technology Assessment. While economic evaluations were abundant at that time, 
statistical procedures for assessing uncertainty were virtually non-existent. This 
presentation will review insights from the challenges of characterizing uncertainty in 
economic evaluation. The research discussed in Bernie’s seminal 1994 paper is an 
important foundation upon which modern methods of characterizing uncertainty in 
economic evaluation are built.  This talk marks the anniversary of Bernie’s passing 
with an appreciation of a remarkable article by a remarkable man. 
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