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Alternatives to prospective RCTs? Mediation analysis (e.g., Mendelian Randomization); General causal analysis (especially longitudinal data); 
Non-randomized trials; Matching via propensity scores and analysis; Triangulation and ‘evidence synthesis’ of disparate study type data

• Re-evaluation of the foundations of the traditional RCT

• Bucket/umbrella trials: biomarker-based guidance

• N-of-1 trials: strict focus on individual response

• Adaptive, real-time ‘individual policy’ identification 

• Vetting intervention-individual profile matching algorithms 



Traditional Nutrition/Medicine
(‘One Size Fits All’)

Stratified Nutrition/Medicine
(Few Biomarkers; e.g., Sex, Ancestry)

Precision Nutrition/Medicine
(Many Biomarkers; e.g., SNP Profile)

Individualized or Personalized 
Nutrition/Medicine
(Everyone is Unique)

• Need better biomarkers to identify subgroups and ways of vetting those biomarkers
• Need better ways of monitoring response, including surrogate and meaningful intermediate endpoints
• Need to understand how similarity can be defined? assays may capture one aspect relevant similarity
• Need to appreciate trait (e.g., genetic)/state (e.g., metabolome) dichotomy in assessing categories

Similarity of individuals based on measures associated with a phenotype
(e.g., microbiome and nutritional deficiencies) 

Schork NJ, Goetz LH, Lowey J, Trent J.Clin Pharmacol Ther. 2020 Sep;108(3):542-552..PMID: 32535886
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Standard RCT

Multi-arm trial
Bucket/umbrella trials

Biomarker-guided trials
Bucket/umbrella trials

Trials vetting matching strategies

Therapeutic Drug Monitoring Studies
• Leverage indicators of activity
• Leverage surrogate endpoint
• Better monitoring (e.g., wireless)

N-of-1 and aggregated N-of-1 trials
Adaptive individual policy trials

Trials vetting matching strategies



Statistical Rapid Learning Systems (RLS): Building-up Insights in Real Time
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+/- Prediction	+ Prediction	-

Outcome	+ TP FN

Outcome	- FP TN

Test	the	Predictions	with	New	Data
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Patients

New patients

New predictor and expanded prediction model

In Perpetuity

Note: need a mechanism to collect data and a large database to house, query, and analyze them

• 129,450	clinical	images	
• 2,032	different	diseases	
• 21	board-certified	dermatologists
• 6.3	billion	smartphone	users	by	2021

• 1,540	patients	with	outcomes
• Multistage	modeling
• Models	validated	with	TCGA	data
• Reduce	need	for	transplants	by	>20%

• 128,175	retinal	images	
• 54	licensed	ophthalmologists
• Tested	on	9963	images	on	4997patients	
• 90%	sensitivity,	98%	specificity



Matching Individual Profiles to a Particular Diet or Medicine(s)

Important Points:

• The algorithms themselves need vetting (diets determined by algorithms vs. those determined by something else?)
• Should one compare two (or more) algorithms in the way, e.g., Lipitor and Simvastain, have been compared?
• Could one use N-of-1 trials on exploring patient responses to an algorithm-determined diet and then aggregate results?

Schork NJ, Goetz LH, Lowey J, Trent J.Clin Pharmacol Ther. 2020 Sep;108(3):542-552. dPMID: 32535886



Equipoise, Personalized Nutrition/Medicine and ‘N-of-1’ Clinical Trials
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Basic Goal: Make objective claims about the utility of an intervention for an individual (note: most trials focus on 
population effects and likely do not collect enough data to identify unequivocal responders vs. non-responders)

Positively Correlated Phenotype

Negatively Correlated Phenotype

Uncorrelated Phenotype

Schork NJ and Goetz LH. Annual Review of Nutrition. 2017; 37: 395-422; Lillie EO, Patay B, Diamant J, Issell B, Topol EJ, Per Med. 2011 Mar;8(2):161-173.

Many familiar statistical strategies
can be used in their design to
achieve greater scientific rigor:

• Randomization
• Blinding
• Multiple crossovers
• Washout periods
• Accommodating covariates
• Multivariate analyses
• Aggregation and meta-analyses

USA FDA Organized Meeting,  ASCPT 2012


