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Via	  a	  Cooperative	  Agreement	  with	  NASA	  
(NCC	  9-‐58)	  

We	  Fund	  R&D	  through	  Grants	  

NSBRI	  Mission:	  
To	  lead	  biomedical	  research	  to	  support	  
long-‐term	  human	  exploration	  of	  space	  
And	  improve	  life	  on	  Earth	  

	  

Approach:	  Support	  Technologies	  and	  
Countermeasures	  for	  Space	  	  while	  also	  

making	  an	  impact	  on	  Earth	  





Space	  Radia*on	  Environment	  

Infrequent	  events	  occurring	  most	  o8en	  
during	  solar	  cycle	  maximum	  (~11-‐year	  cycles)	  

–	  peak	  ac*vity	  during	  solar	  maximum	  

Solar	  Par*cle	  Events	  (SPE)	  -‐	  low	  to	  medium	  
energy	  protons	  

Galac*c	  cosmic	  rays	  (GCR)	  -‐	  penetra*ng	  
protons	  and	  heavy	  nuclei	  

Shielding	  is	  NOT	  effec*ve	  due	  to	  secondary	  
radia*on	  produced	  in	  shielding	  and	  *ssue	  

Shielding	  (5-‐20	  g/cm2	  Al	  and	  polyethylene)	  IS	  
effec*ve,	  op*miza*on	  to	  reduce	  weight	  

Countermeasures:	  Shielding,	  monitoring,	  
accurate	  event	  determina*on,	  dosimetry	  and	  
*mely	  repor*ng	  to	  alert	  crew	  to	  seek	  shelter	  

are	  essen*al	  for	  crew	  safety	  

Countermeasure:	  	  Biological	  approaches	  with	  
a	  great	  degree	  of	  uncertain*es	  

Omni-‐direc*onal	  GCR	   Solar	  Flares	  -‐	  SPEs	  
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Occurs	  con*nuously,	  omni-‐direc*onal,	  
varying	  in	  flux	  with	  solar	  cycle	  -‐	  lower	  GCR	  

levels	  occur	  during	  solar	  maximum	  	  



Carcinogenesis Central	  Nervous	  System	  
(CNS)	  risks	  to	  the	  Brain	  

Chronic & Degenerative Tissue 
Risks 
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Central	  nervous	  system	  (CNS)	  
damage	  leading	  to	  behavioral	  or	  
cognitive	  effects	  and	  late	  disorders	  
(Alzheimer’s	  )	  

NASA’Risks	  of	  Space	  Radiation	  Exposure	  

Acute	  Radiation	  Syndromes	  

•  Prodromal	  effects	  (nausea,	  
vomiting,	  anorexia,	  and	  fatigue),	  
skin	  injury,	  and	  depletion	  of	  the	  
blood-‐forming	  organs	  

Focus	  of	  NASA	  Radiation	  Risk	  Model	  
•  Solid	  Cancers	  –	  tumors	  
•  Leukemia	  
•  Issues	  emerging	  from	  research	  

studies	  of	  	  GCR	  solid	  cancer	  risks:	  	  
•  Possible	  earlier	  appearance	  

and	  aggressive	  tumors	  not	  
seen	  with	  controls,	  gamma-‐
rays	  or	  proton	  tumors	  

•  Circulatory	  Disease	  concerns	  
include	  CVD,	  IHD,	  and	  coronary	  
revascularization	  and	  
myocardial	  infarction	  

•  Digestive	  diseases	  
	  



Predict	  
Prevent	  
Diagnose	  
Treat	  



Predict	  
	  Risk	  Assessment	  
	   	  *Environment	  
	   	  *Mission	  Architecture	  

	   	   	  -‐Time	  
	   	   	  -‐Activities	  (planned	  and	  unplanned)	  
	   	   	  -‐Resources	  (and	  lack	  of)	  

	   	  *Individual	  Susceptibilities	  



Risk	  Posture	  Differs	  with	  Mission	  Architecture	  
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•  Solar	  Min	  Maximum	  Days	  in	  Deep	  Space	  (heavy	  shielding)	  to	  95%	  Confidence	  to	  be	  below	  
NASA	  Limits	  for	  cancer	  risk:	  (parenthesis	  is	  deep	  solar	  min	  of	  2009)	  
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aE, y NASA 2005 NASA 2012 

U.S. Avg. Population 
NASA 2012 

Never-smokers 
  Males 

35 158 209 (205) 271 (256) 
45 207 232 (227) 308 (291) 
55 302 274 (256) 351 (335) 
  Females 

35 129 106 (95) 187 (180) 
45 173 139 (125) 227 (212) 
55 259 161 (159) 277 (246) 

 

•  Solar	  Max	  Maximum	  Days	  in	  Deep	  Space	  (heavy	  shielding)	  to	  95%	  Confidence	  to	  be	  below	  NASA	  Limits	  
for	  cancer	  risk	  alone	  (parenthesis	  is	  for	  case	  of	  ideal	  storm	  shelter	  which	  negates	  any	  SPE	  cancer	  risk):	   

aE, y NASA 2012 
U.S. Avg. Population 

NASA 2012 
Never-smokers 

  Males 
35 306 (357) 395 (458) 
45 344 (397) 456 (526) 
55 367 (460) 500 (615) 
 Females 

35 144 (187) 276 (325) 
45 187 (232) 319 (394) 
55 227 (282) 383 (472) 

 

Sex	  Differences:	  Maximum	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
“Safe”	  Days	  in	  Deep	  Space	  

~	  30	  %	  “Sex”	  
difference	  in	  
terms	  of	  days	  
that	  can	  be	  
spent	  in	  deep	  

space!	  



Single Dose (Gy)	   Fractionated Dose (Gy)	  
Ovary	   2–6	   Testes	   1–2	  
Bone marrow	   2–10	   Ovary	   6–10	  
Testes	   2–10	   Eye (lens)	   6–12	  
Eye (lens)	   2–10	   Kidney	   20–30	  
Mucosa	   5–20	   Thyroid	   20–40	  
Gastrointestinal	   5–10	   Lung	   23–28	  
Lung	   7–10	   Skin	   30–40	  
Colorectal	   10–20	   Liver	   35–40	  
Kidney	   10–20	   Bone marrow	   40–50	  
Vasculoconnective tissue	   10–20	   Heart	   43–50	  
Liver	   15–20	   Gastrointestinal	   50–55	  
Skin	   15–20	   Vasculoconnective tissue	   50–60	  
Peripheral nerve	   15–20	   Spinal cord	   50–60	  
Spinal cord	   15–20	   Brain	   55–70	  
Brain	   15–25	   Peripheral nerve	   65–77	  
Heart	   18–20	   Mucosa	   65–77	  
Bone and cartilage	   >30	   Bone and cartilage	   >70	  
Muscle	   >70	   Muscle	   >70	  
*From Rubin P. Law and order of radiation sensitivity: absolute versus relative. In: Vaeth JM, Meyer 
JL, eds. Frontiers of radiation therapy and oncology. Basel: Karger; 1989:7–40.	  

Tissue	  Sensi*vi*es	  to	  Radia*on	  



Individual	  Susceptibilities	  
•  Minimally	  considered	  in	  NASA’s	  risk	  assessments	  

•  NASA	  “dipped	  a	  toe”	  into	  Omics	  and	  

	  personalized	  medicine	  (Twins	  Study)	  

•  Critical	  for	  radiation	  risk	  in	  particular	  



The	  Dawn	  of	  Personalized	  Medicine	  





Predict	  	  
•  Radiation	  Dosimetry	  
•  Space	  Weather	  Prediction	  Models	  
•  Genetic	  Analysis	  of	  Susceptibility	  
Prevent	  
•  Shielding	  when	  possible	  
•  Radiation	  prophylactics	  
•  Pre-‐screen	  for	  resilience	  (or	  at	  least	  no	  known	  

susceptibility	  –	  some	  genetic	  markers	  are	  known	  
to	  be	  linked	  to	  higher	  risk	  of	  cancer	  

Diagnose	  
•  BioDosimetry	  (“Canary	  in	  Mine”)	  –	  Biomarkers	  
Treat	  –	  Peronalized	  Medicine	  
	  

Prognostics	  &	  Health	  Management	  	  



OPPORTUNITIES	  

Biodosimetry	  
Biomarkers	  
Susceptibility	  markers	  
	  
Information	  Fusion	  	  

	  Environmental	  sensors	  
	  Real-‐Time	  biological	  sensors	  

	  



New	  	  NASA	  Translational	  Research	  Institute	  
at	  Baylor	  College	  of	  Medicine	  	  

With	  MIT	  and	  CalTech	  as	  partners	  


