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PROSPECTIVELY PLANNED ADAPTATION   
• Both phenomena being regulated and effects of regulatory policies are not 

well understood upfront.   Understandings change with observations on use. 
• Policies should be proactive and adaptive, engaging with priors on 

risks/benefits and updating as understandings of risks and benefits evolve.  
 
OBSERVING/SENSING/REVEALING   
• Parties differ in their interest in harvesting and sharing information needed to 

evaluate benefits/risks.   
• Policies should create incentives and cut disincentives to reveal information 

needed for risk management (research funding, liability and IP law).  
 
CREDIBLE KNOWLEDGE ASSESSMENT 
• Conflicts of interest, organizational inertia and prior beliefs typically bias 

observation and assessment.  
• Policies should provide for credible and legitimate assessment of scientific and 

technical information under complexity, uncertainty and controversy.   

ELEMENTARY PRINCIPLES FOR GOVERNING EMERGING RISKS 
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 Netherlands 1953     Kobe 1995 
Government diagnosed and fixed  Government diagnosed specific 
flaws in dikes and flood gates and       flaws in seismic building codes and  
created ongoing adaptive  review. created ongoing adaptive review.  

DISTINCTION BETWEEN REACTION AND PLANNED ADAPTATION 
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CRISES 
  
Thalidomide    
     
 
Accutane™ and Vioxx™    
   
   
     
HIV, Cancer      
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

        
   

         
        
  
      

              
     
 
 

 

RESPONSES     
    
Approval based on efficacy/safety evidence from trials 
Strengthen adverse effects reporting (AERS/VARS)  
 
Controls to limit known risks  (REMS/RMS) 
Increased attention to safety and risk management 
Strengthen active & passive surveillance  (Sentinel) 
 
Accelerated Approval/Conditional Marketing Authorization  
Use of un-validated biomarkers 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

DRUG SAFETY AND ACCESS CRISES PROMPT PIECEMEAL CHANGE 



 



       
                
 

                 
                   
             
                
             
           
           
           
 

               

ADAPTIVE LICENSING 
Patient experience contributes  
to evidence development  
 
FRONT END – PRE MARKET  
Earlier approval 
Conditional 
Limit to patients on benefit/risk 
 
BACK END – ON MARKET 
Strengthen observation 
•Registries 
•EHRs 
Analyze safety and effectiveness 
Adapt label and license 
 
KEY 
Patients in interventional studies 
Patients treated but unobserved 
Patients treated and observed  7 

TRADITIONAL  
LICENSING 

ADAPTIVE 
LICENSING  
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COMMERCIAL AVIATION   
1975 US LEGISLATIVE REFORM 
“No Federal agency can properly 
  perform  such functions unless 
  it is totally separate.” 
FAA certifies, NTSB investigates 
Examine accidents + near misses 
NTSB recommends  
FAA/makers/airlines usually act 
• Why was reform demanded? 
• Did  the reform work?  

 
 
 
 
Fatal  
accidents  
per  
million 
departures 
 
 
 
 
 

 
 
 
 
Total 
airline 
accident  
fatalities 
 
 
 
 



SHUTTLE – FIXED O-RING, DID NOT FIX NASA 
Old Story - Richard Feynman on O ring failure 
New Story - NAS on NASA design process 
1986 Challenger disaster 
1986 Rogers Commission / Feynman 
1988 NAS advised NASA to adopt dynamic testing 
and experimentation process to inform adaptive 
risk management system 
1989  NASA  ignored NAS, chose static tests of 
safety without adaptive elements 
2003 Columbia disaster  
• Why did NASA reject NAS proposal? 
• Was adaptive experimental approach needed? 
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CHART 1: EU BSE CASES  2001 TO 2004 CHART 2: EU BSE CASES BY BIRTH COHORTS 

EU TSE ROADMAP – STRUCTURED SENSING AND POLICY FEEDBACK 
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BSE TESTING    US    JAPAN                                 . 
PERCENT TESTED .05 percent  100.00 percent 
TYPE TESTED  sample of downers all cattle  
      prefectures  < 20 mo   
                               national  > 20 mo 
SCREENING TEST        BioRad rapid reaction BioRad rapid reaction  
OLD CONFIRM TEST  IHc     IHC + Western Blot 
NEW CONFIRM TEST IHC + Western Blot IHC + Western Blot 
BSE CASES  2 cases   20 cases 
*IHC = ImmunoHistoChemistry 

US BSE SURVEILLANCE  AND TESTING – WEAK SENSING 
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[APHIS officials] justified their decision to not do 
additional testing because the IHC test is 
internationally recognized as the gold standard 
of testing.  Also, they believed that conducting 
additional tests would undermine confidence in 
USDA testing protocols.   p iii-iv 

The additional tests recommended by NVSL 
scientists, but not approved by APHIS 
Headquarters officials, were the IHC using other 
antibodies (IHC testing using different 
antibodies ultimately produced positive results); 
IHC testing of additional regions of the brain 
(the cerebellum tested positive); regular and 
enriched (OIE-like) Western blots (the obex and 
cerebellum tested positive); and variable rapid 
tests (the obex and cerebellum tested positive 
with two different rapid tests).  p 33. 

US BSE SURVEILLANCE  AND TESTING – WEAK SENSING 
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HARVARD SIX CITIES     STUDIES IN 80S AND 90S CAPTURE POLICY EFFECTS 
8000+ subjects in panels 
Adjusted mortality risk ratios 
• Age, Sex 
• Cigarette Smoking 
• Occupational Exposure 
• Education 
• Body Mass Index  
• Chronic Disease 
 
 

EPA NATIONAL AMBIENT AIR QUALITY STANDARDS 
• Review process to reassess standards based on best available evidence 
• Research funding  to reduce uncertainty and improve best available evidence  
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Six Cities Cohort Follow-up Study 
1990 - 1998 
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EPA NATIONAL AMBIENT AIR QUALITY STANDARDS 
• Review process to reassess standards based on best available evidence 
• Research funding  to reduce uncertainty and improve best available evidence  
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EPA NATIONAL AMBIENT AIR QUALITY STANDARDS 
• Review process to reassess standards based on best available evidence 
• Research funding  to reduce uncertainty and improve best available evidence  



 Figure 3 & 6, US EPA, Acid Rain Program 2004 Progress Report. 

OWNERS OF BANKED ALLOWANCES 
BENEFIT FROM QUOTA CUTS 



TRANSFATS AND CORONARY HEART DISEASE: A CAUTIONARY TALE 
1972-77 AMA replace animal fats with transfats;  FDA declare transfats safe  
2003-13 FDA label transfats; declares transfats not safe; bans transfats  
Cost of lag:  7000 to 30000 extra deaths per year from coronary heart disease 
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22 
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1976 FASEB EVALUATION T-FATS          1976 FDA  GRAS CERTIFICATION 

generally 
recognized 

as safe 



1993 WILLETT   NURSES II PANEL                                NIH     LANCET  



2001 JOHN GRAHAM OIRA PROMPT LETTER TO FDA 
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PROSPECTIVELY PLANNED ADAPTATION   
• Both phenomena being regulated and effects of regulatory policies are not 

well understood upfront.   Understandings change with observations on use. 
• Policies should be proactive and adaptive, engaging with priors on 

risks/benefits and updating as understandings of risks and benefits evolve.  
 
OBSERVING/SENSING/REVEALING   
• Parties differ in their interest in harvesting and sharing information needed to 

evaluate benefits/risks.   
• Policies should create incentives and cut disincentives to reveal information 

needed for risk management (research funding, liability and IP law).  
 
CREDIBLE KNOWLEDGE ASSESSMENT 
• Conflicts of interest, organizational inertia and prior beliefs typically bias 

observation and assessment.  
• Policies should provide for credible and legitimate assessment of scientific and 

technical information under complexity, uncertainty and controversy.   

ELEMENTARY PRINCIPLES FOR GOVERNING EMERGING RISKS 
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INDUSTRIAL INTERESTS IN LIMITING ADAPTIVE POLICIES 
• Existing regulations define an environment that has selected for existing firms 
• Firms dislike policy variability and like predictability 
• Firms fear regulatory variabllity will rachet up and not down 
 

REGULATORY INTEREST IN LIMITING ADAPTIVE POLICIES 
• Regulators usually prefer to stick with existing hard won regulations and SOPs  
• Regulators do not wish to risk delegitimating rationales for existing policies 
• Regulators fear variability will be seen as arbitrary increase demand for deregulation 
 

LIMITED PUBLIC CAPACITY FOR ACCEPTING ADAPTIVE STRATEGIES 
• Acknowledged uncertainty, shifting targets, changing rationales seen as vascilation  
• Carter scorned for acknowledging complexity, Reagan loved for simplicity 
• Need cleanly defined trigger event to spur reforms. . . . 
 

CONCENTRATED INTERESTS IN SENSING, ASSESSING AND ADAPTING 
• The National Academics, Think Tanks and some universities 
• Some niche oriented firms   

 
 

DIFFUSE INTERESTS IN MORE EFFICIENT AND EFFECTIVE REGULATION OF RISKS 
•  Public goods / free riding problem manifest 
•  Coalitions with odd couples necessary 
•  Communicative action and control of framing crucial 

 

SUBOPTIMAL ADAPTATION -- DEMAND AND SUPPLY CONDITIONS   
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BACKUP 
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SOME RESULTS OF US FEDERAL CASE SURVEY  (McCray  et al 2010) 

Class One –“Changing Policies without Really Learning First”                            3 cases 
Three cases adjusted past regulatory decisions without systematic data on such 
basic matters as whether original estimates of benefits and costs are being realized 
in practice.  For example, the DoT reported that it had shelved 70 regulations with 
no indication that such changes were preceded by substantive evidence-gathering 
on actual impacts. 

Class Two – “Learning Without Really Reconsidering Policies”                          7 cases 
Seven cases entail attempts to understand effects of past regulatory decisions 
without using knowledge to improve policy.  These include OMB reports on Costs 
and Benefits of Regulation, OMB request for nominations of federal rules needing 
change, EPA studies of health responses to ionizing radiation, and the Post Hoc 
Review Program of NHTSA.  

Class Three –“Learning & Reconsidering Policies”                              4 cases 
Four cases meet full definition of regulatory feedback:  NAAQS,  radiation effects 
review, RDA review, and animal nutritional requirement review.    
All four cases involve standard-setting, not rulemaking.   Reviews determined 
whether a standard was still valid, without changing regulations governing private 
actions to achieve standards.     

 
Of 32 candidate cases identified, the results of policies could be accounted for in 14, 
including 4 cases of planned adaptation and 10 cases of one-shot reviews .  
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Permissive 
* Allow innovation unless environment, health, security are clearly compromised 
After-the-fact  reaction if crisis materializes;  backlash may limit innovation 
Examples:  Post-Fukushima nuclear shutdown, US stasis on gene therapy 
 

Precautionary 
* Limit innovation unless environment, health and security are clearly protected 
Diversion of innovation to less regulated areas may heighten risks 
Examples:  EU on GMOs, US on stem cell research, German genetic data protection 
 

Planned Adaptive 
* Prepare:  Fund research to inform priors on benefits and risks 
* Discriminate:  Foster initial applications with most favorable priors 
* Observe:  Harvest and process information from initial experience 
* Adapt:  Learn from experience and update/correct practices 
 

 Exemplary Cases   Cautionary Tales 
 FAA-NTSB air safety  NASA shuttle 
 EU TSE policy   USDA BSE policy   
 EPA PM2.5    NIH FDA Transfats 
 

APPROACHES TO RISK GOVERNANCE UNDER UNCERTAINTY 



REACTION:  AFTER-THE-FACT RESPONSE 
DDT “Silent Spring” EPA banned chlorinated pesticides & herbicide 
Challenger + Columbia NASA fixed booster, did not engage in dynamic testing 
Gene therapy  FDA restricted gene therapy after permissive testing 
Trans fats heart disease 1957-1991 research, 2006-2013 FDA label and ban 
Fukushima  Disaster,  Japan shut nuclear plants 
 

 
 
 
 
 

PERMISSIVE:  AFTER-THE-FACT REACTION TO HARMS 



PRECAUTION:  ACT  ON WARNING TO  REDUCE RISKS IN ADVANCE OF HARMS  
Y2K    US imposed standards and invested in infrastructure 
Carcinogenicity   EPA “Delany Clause” ban on many potential carcinogens 
GMO release  EU limits GMO field release  
Pathogenic DNA elements HHS DNA Screening Guidance (voluntary) + IGSC 
Iran nuclear weapon US-Israel attack Iran with Stuxnet and assassinations  

PRECAUTION: ACT ON WARNING TO REDUCE RISK IN ADVANCE OF HARMS 

   11:59:59   31 DECEMBER 1999 
   12:00:00   01 JANUARY  2000 



Expected Costs of S02 Reduction 
1990 $550 per ton ± $250   
2005 $250 per ton ± $ 50  
 

Expected Benefits of SO2 Reduction  
1990: acid rain benefits         
2005: acid rain  + PM health benefits 
 

Expected 2010 1:40 Cost:Benefit 
~     $3 billion annual cost 
~ $120 billion annual benefit 
For sulfur cuts from stationary sources 
 

Quotas and Targets 
New PM NAAQS need to be met by all.  
Old SO2 NAAQS standard unchanged. 
 

Clean Air Interstate Rule will reduce SO2 by 70% from 2003 levels by 2015.  
This is an additional 67% cut in SO2 from 2010 levels of the Acid Rain Program.  
 

Health benefits of PM 2.5 cuts recognized in early 1990s…..changes coming in now.  
 

Source: Figure 2 from US EPA, Acid Rain Program 2004 Progress Report.  

PM AND SOX– LATE ADAPTATION  

Portions of case from Kate Martin  
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