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1. Leveraging Trends in Biomedical 
Science in Nutrition-Based Health Care 

 



Big Data and 
Information Technology 

Artificial 
Intelligence 

Personalized 
Health Care 

Emerging 
Technologies 

Four Trends in Contemporary Biomedical Science 

Big Nutritional Science Question: 
How to optimally develop and 
deploy nutritional interventions 
when data clearly suggest that 
factors influencing response(s) 
exhibit great inter-individual 
variation? Need insights from: 
 

• Early Intervention Development 
• Early Studies on Humans 
• Clinical Vetting and Proof 
• Deployment Efficiencies 

Big Economics/Social Question: 
How does one define ‘optimal?’ 
 

• Individual Outcomes? 
• Quality of Life? 
• Cost-Savings for Society? 

“Garbage in, Garbage out” 
concerns, so need objective trials 



Revamped US FDA: Facilitating Use of New Techs 

Scott Gottlieb                  

21st Century Cures Act: An act to accelerate the discovery, 
development, and delivery of 21st century cures 

(Signed as law by Obama on 12/13/2016) 

• Among many other things, intended to expedite the process by which new techs and 
devices are approved  

• Eases requirements put on drug companies looking for FDA approval on new products or 
new indications on existing drugs 

• Under certain conditions, allows companies to provide "data summaries" and "real 
world evidence" such as observational studies, insurance claims data, patient input, and 
anecdotal data rather than full clinical trial results. 



2. Identifying, Verifying and Vetting 
Nutrition Strategies for Individuals 

 



Personalized Nutrition: What is Being Tailored to What? 

Genetics -> Gross Diet 

? 

Complex Profile -> Nutrients, Supplements, Etc. 

? 

…
 



Traditional ‘One Size Fits All’ Nutrition 

Questions: What level works best? How does one define ‘best’ (e.g., economics, patient 
benefit, scientific understanding)? How does one prove that one or another approach is best? 

Stratified Nutrition (e.g., Sex x Race) 

Precision Nutrition (e.g., Multiple Biomarkers) 

Individualized or Personalized Nutrition 

Conceptualizing Traditional, Stratified, Precision 
and Personalized Nutrition 

1. Collect data that could impact 
nutritional response on N patients: 

 

• History on medications 
• Genomic profile 
• Biomarker profile 
• Pathology analysis 

 

3. Cluster patients using the similarity 
matrix and find treatment rules  

2. Form an N x N similarity matrix from 
the response profiles: 

1 2 3 4 … N

1 1.00 0.75 0.50 0.25 0.50

2 0.75 1.00 0.25 0.40 0.80

3 0.50 0.25 1.00 0.50 0.10

4 0.25 0.40 0.50 1.00 0.35

⇣ …

N 0.05 0.80 0.10 0.35 1.00





• Insights or ‘Rules’ Relating 
tumor genomic alterations to 
specific therapeutic agents are 
building up 

 
• The evidence for the 
matching (or repurposing) of 
drugs to alterations comes 
from different sources 

 
• Only a subset of patients is 
likely to have the alteration 

 
• Too many (focused/small) 
trials need to verify each 
match? How to accommodate? 

 
• What constitutes evidence 
for a clinically-useful match? 



Patient 1 2 3 4 5 6 7 8 9 10…

Tumor Mel Mel Breast CRC Breast CRC Lung Mel CRC Lung

Treatment 
Basket  

1 

Treatment 
Basket  

2 

Treatment 
Basket  

3 

Treatment 
Basket  

4 

Treatment 
Basket  

5 

Treatment 
Basket  

6… 

Conceptual Scheme Behind a ‘Basket’ Trial 

A PRIORI DEFINED SCHEME FOR MATCHING PATIENTS TO DRUGS 

Mut 1 X

Mut 2 X X X

Mut 3 X X

Mut 4 X X

Mut 5 X

…

Mut X X

GOAL: Assess outcomes compared to individuals treated without matching scheme 

X 

X 

X 

Companion 
Treatment 

Basket  
6… 

Alternative 
Treatment 

Basket  
1 

ISSUES: What is the scheme (algorithm) based on? What about multiple genetic 
perturbations? What about alternative treatments to any one? What about combination 

treatments? Why not adapt the scheme as data is accrued (i.e., adaptive designs)? 

THIS (I.E., A MATCHING STRATEGY) IS WHAT IS BEING TESTED! 



Issues Testing Algorithms vs. Drugs 
(FDA visit and discussion: June 8, 2015) 

• Combinations of drugs are an issue? (ICU? Non-cancer chronic disease?) 
• Real time nature of the trials = complex adaptive designs 
• Real time nature of the disease = algorithms with temporal component 
• Insights external to the trial data need to be accommodated 
• What does the algorithm include? (e.g., sequencing technologies, 

tumorgrafts, cell lines, etc.?) 
• What if, e.g., a tumor board decides not to go with the algorithm’s drug? 
• Randomization: when or at all? i.e., When is there sufficient biological, as 

opposed to trial, evidence to forego randomization/equipoise 
• Poor Outcomes (e.g., SHIVA): algorithm’s fault or drug’s fault, or both? 
• The time it takes to do the assays is an issue; how to incorporate? 
• Accommodating crossover to competitors’ drugs? Who pays? 
• Resources for conducting many smaller trials? Med-C or ASCO? 
• Best for Repurposing drugs or new drugs, combinations of old and new?  
• Biomarker-based responses, how much vetting for individual drugs? 

Sean Khozin 



Maybe not, but a company or group that is so incurious about, or 
simply not confident in, their technology that they do not want to 
see if and how it works should be approached with major caution… 

Should There Be Regulated Vetting of Algorithms? 



3. N-of-1, Aggregated N-of-1, Personal 
Threshold-Based, etc. Trials 

 



Trials on Single Subjects: Motivation and Designs 

USA FDA Organized Meeting,  ASCPT 2012 

• A greater focus on the science of response should emerge from and guide clinical trials 
 

• Most large phase III trials don’t generate enough data on any one person to determine if 
they are unequivocal responders/non-responders to an intervention 
 

• Focus: objectively assess patient’s condition/well being, not necessarily the intervention… 



Equipoise and Single Subject or ‘N-of-1’ Clinical Trials 
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(Lillie EO, …, Schork NJ. Per Med. 2011 Mar;8(2):161-173. PMID:21695041; Magnuson V, Wang Y, Schork NJ. F1000 2016 Feb. 3. PMID:28781744) 

Basic Goal: Make objective claims about the utility of an intervention for an individual 
(Most trials focus on population effects; do not have data to identify unequivocal responders) 

Standard design and statistical methods can be leveraged: randomization, blinding, washout periods, 
sequential and adaptive designs, multivariate outcomes, etc. Causality can be inferred via temporal data 

Positively Correlated Phenotype 

Negatively Correlated Phenotype 

Uncorrelated Phenotype 



Lillie EO, Patay B, Diamant J, Issell B, Topol EJ, Schork NJ. The n-of-1 clinical trial: the ultimate strategy for 
individualizing medicine? Per Med. 2011 Mar;8(2):161-173. PMID:21695041 

Although many studies leverage, e.g., blinding, multiple crossovers, etc. they are not very sophisticated in 
terms of measurements or data analysis (Med Care 2011; 49:761-768): Design Optimization is Possible! 



The New Yorker, 5/25/15 

Wireless Medical Data Collection Devices: 
Primary or Surrogate Endpoint Monitoring 

Patient Experience 



Different Designs (e.g., Sequential) 

Response Profile Similarity Analysis: Use N-of-1 Studies to ‘Bring Out a Phenotype*’ 

*Consider Monitoring Post Nutritional Challenge (e.g., OGTT) to Bring Out a Phenotype 



Single Subject Microbiome Studies: Impact of Diet 



Example N-of-1 Trial: The ‘1HAT’ Antihypertensive Trial 
(https://clinicaltrials.gov/ct2/show/NCT012587)  

• N-of-1, double blind, crossover trial with washout periods 
 

• Lisinopril (10 mg oral/d; ACE inhibitor) vs. Hydrochlorothiazide (25 mg oral/d; Diuretic) 
 

• Pharmacy provided pills with same presentation/packaging 
 

• BP measurements daily (at least 4 times) with covariates collected (e.g., weight) 
 

• One of the patient’s experience detailed below: 

• Could not attribute BP drop to the drug; patient became much more health conscious 

https://clinicaltrials.gov/ct2/show/NCT012587
https://clinicaltrials.gov/ct2/show/NCT012587
https://clinicaltrials.gov/ct2/show/NCT012587


Example N-of-1 Trial: Genetically-Mediated Sleep Disorder 

More drugs 

Less drugs 

Results 
 

• Cymbalta exacerbated sleep disturbances 
• Drug removal unmasked sleep apnea condition (data not 

shown) 
• Personalized trials for complicated, multi-faceted 

conditions are necessary 

Patient Background  
 

• 60 year-old female, treated for anxiety,  depression and 
genetic sleep phase disorder (Seasonal Affective Disorder) 

• Polypharmacy an issue: antidepressants impact sleep; 
sleep aids impact mood… 

• Different drugs tested in combination: 
 Cymbalta (CYM): treat depression, anxiety 
 Temazepam (TEM): treat insomnia, anxiety 
 Melatonin (MEL): treat sleep-phase disorder 

• Measurements and outcomes: 
 Zeo: sleep time, sleep phases 
 PAM-RL: restless legs 
 Fitbit: activity, sleep 
 Equivital belt: vital signs (e.g., HR) 
 Sleep image device: sleep apnea 

• No blinding; washouts = no medications 

Magnuson et al. F1000 (in review) 

Vicki	Magnuson,	Ph.D.
Study	Coordinator
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Population vs. Personal Thresholds 

Signal! 

Early  
Disease 

But do the historical values for an individual reflect “health?” 



Ex Vivo Assessment of Nutrient-Mediated DNA Damage  

Consider in vitro/ex vivo cellular challenge-induced phenotypes as indicators of in vivo changes 
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