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Image courtesy of OLTARIS.nasa.gov
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Image courtesy of NASA
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Attributes/requirements driven by mission operations:

▪ FDA approved, FDA off-label, FDA IND Status drugs (timeline and budget)

▪ Mechanism of action well known

▪ Minimal side effects in humans with proven long-term use

▪ Chronic administration (potentially pre- in- and post-mission)

▪ Easily self-administered (e.g., oral, inhaled)

▪ Long shelf-life

▪ Works in spaceflight realistic environment – GCRSim, Microgravity

▪ No contraindications with other drugs

▪ Cross-risk, targeting common disease pathways (ideal)

SR Countermeasures – Agent Selection Considerations 
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Adapted from Le Magnen C et al. 
Nat Rev Cancer 2016

Stages of Cancer Development and Points of Intervention

➢ Preventive approaches target premalignant biology by blocking initiation or intercepting cancer development

Ionizing radiation
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Cancer chemoprevention (cancer 
prevention) involves the chronic 
administration of a synthetic, 
natural or biological agent to 
reduce or delay the occurrence of 
malignancy.

Prevention
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Challenges with Prevention Studies

➢ Trials have not demonstrated health benefits, and some have shown harm



Challenges with Prevention Studies
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▪ Potential side effects of therapeutic treatments in otherwise 
healthy individuals

▪ Long timelines for disease process makes it difficult to know if 
intervention is helpful 

▪ Timing of intervention and potential need for long term use

▪ Lack of validated predictive biomarkers to serve as intermediate 
endpoints



Habash M Cancers 2017

Challenges: Targets for Intervention
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Potential preventive strategies:

▪ Scavenge electrophiles and ROS 

▪ Enhance DNA repair

▪ Decrease inflammation

▪ Suppress proliferation

▪ Enhance differentiation

▪ Enhance immunity

Potential sources of agents:

▪ Chemoprevention  

▪ FDA repurposing

▪ Radiation Nuclear Countermeasures

▪ Radiotherapy Drugs

▪ Drugs targeting distinct damage caused by HZE radiation



10Zhang Z et al. Sig Transduct Target Ther 2020

General Challenges with Drug Development



Space Radiation MCM Repurposing Pipeline – Example

Adapted from: Parsons CG Neuropharmacology 2018
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In vitro screens: 

▪ Endpoints chosen are predictive for beneficial effects in human 
disease  - follow a defined translational path

▪ Sufficient capacity to screen multiple compounds; >1 assays

In vivo screens: 

▪ Intermediate endpoints - reasonably likely surrogate endpoint

▪ non-invasive imaging

Tumor models: 

▪ Capture early events in cancer initiation as well as progression 

▪ Histological & biological features in common with human 
disease 

▪ Related molecular pathways that are dysregulated

▪ Defined efficacy requirements – decreased incidence, overall 
burden or time to occurrence

Exposure Scenarios Defined:

▪ Screening parameters - single mixed field dose, gamma 
controls, minimal drug dosages, both sex?

▪ Validation - requires GCR simulator
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Opportunities to Explore - Examples

Artist’s notion of a NASA Mars Exploration 
Rover “Opportunity”, operational on 
Mars for over 14 years  

Image Credit: NASA/JPL/Cornell University

▪ Anti-aging drugs/Senolytics

▪ Microbiome

▪ Risk stratification – the case of 
CHIP

▪ Precancer Atlas 

▪ Immunoprevention
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Kirkland JL, Tchkonia T JIM 2020

Opportunities: Anti-Aging/Senolytic Drugs

Potential Advantages:
▪ Intermittent administration
▪ Cross-Risk 

Geiger H Nat Med. 2016

Adapted from Baker et al. Nature 2016

Selective 
removal of 
senescent 
cells
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Opportunities: The Microbiome

Song M, Chan AT Clin Gastro Hep 2019

Microbiome Influences Include:

▪ Barrier Functions, mucosal immunity

▪ Host Immunity – innate, adaptive and immune modulation

▪ Metabolism 

▪ Cancer therapeutic response
NIH Human Microbiome Project
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Gut microbiota—and associated metabolites—play a central role in protecting against high dose radiation

Guo H Science 2020

The Microbiome and Radiation Protection

➢ Opportunities to modify microbiome for space radiation protection?
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Opportunities: Personalized Risk Stratification- Example CHIP

Swirski F Nat Rev Cardiol 2017
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Opportunities: The Precancer Atlas

Beane J Lancet Oncol. 2017

Genomic Approaches in Cancer Prevention- Precancer Atlas
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Opportunities: Immunoprevention Strategies

▪ Vaccines: HPV, HepB

▪ Broad Anti-inflammatory agents: i.e., aspirin, 
celecoxib, naproxen (cross-risk potential)

▪ Immunomodulators: bolstering natural 
immunoediting to eliminate precancerous cells

▪ Neoantigen vaccines – personalized approach

▪ Improved understanding of preneoplastic host 
immunity and tissue microenvironment in 
radiogenic cancers Mandlik DS, Namdeo AG Springer 2021
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Romero-Weaver AL et al. Radiat Res. 2013
Sanzari J et al. Life Sci Space Res. 2015

Challenges:

• Possibility of variable dose 
distribution in the body 

• Combined skin injury

• Impact of microgravity & other 
spaceflight stressors

Further Info:
Kennedy AR Life Sci Space Res. 2014
Carnell LS Int J Radiat Biol. 2020

Neulasta increased neutrophil counts in 
mice and minipigs exposed to either 
gamma ray or SPE-like protons

Human Organ Chips – “Gut-on-a-Chip”
(Credit: Wyss Institute at Harvard University)

MCMs for Acute Radiation Syndromes due to Solar Particle Events



Summary

➢ Focusing on primary prevention and early interception provide the greatest 
benefit

➢ Repurposing strategies using FDA approved drugs offer reduced timelines and 
reduced overall costs, but limits the pool of potential targets

➢ Leverage on scientific knowledge and recent advances in understanding of 
premalignant biology and prevention strategies developed by external 
biomedical community – many opportunities 

➢ Identifying individuals with higher risk profiles provides opportunities for 
tailored interventions
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Contact:
jsc-hrp-space-radiation-element@mail.nasa.gov

For Further Information and Funding Opportunities: 

TRISH IS A PARTNERSHIP between Baylor College of 
Medicine/Caltech/MIT and the NASA Human Research 
Program Focused on translating disruptive approaches 
to reduce spaceflight hazards - we take risks, we 
challenge the boundaries 

NASA Human Research Program: 
Space Radiation Element

The Translational Research Institute 
for Space Health (TRISH) 

SpaceHealth-Info@bcm.edu

mailto:jsc-hrp-space-radiation-element@mail.nasa.gov
mailto:SpaceHealth-Info@bcm.edu


Hubble Ultra Deep Field 2014 
Image Credit: NASA, ESA, H.Teplitz and M.Rafelski (IPAC/Caltech)

Thank You
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