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Randall S. Caswell Award 
for Distinguished Achievements in the Field of Ionizing Radiation Measurements and Standards

2002  H. Thompson Heaton II  Center for Devices and Radiological Health, US FDA 
2004  Anthony J. Berejka Ionicorp
2006  Kenneth L. Swinth Swinth Associates 
2007  Bert M. Coursey U.S. Department of Homeland Security 
2008  Larry A. DeWerd University of Wisconsin 
2009  Marshall R. Cleland  IBA Industrial, Incorporated 
2010  Geoffrey Ibbott MD Anderson Cancer Center 
2011  Kenneth Inn  NIST 
2012  Joseph C. McDonald  Pacific Northwest National Laboratory, retired 
2013 Stephen M. Seltzer NIST 
2015         X. George Xu Rensselaer Polytechnic Institute
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PRECISION  MEDICINE 
CANCER BIOLOGY – Nano to Giga

range and domains of radiation oncology sciences 
research:

The Macro-environment is the normal tissue surrounding 
the patient

The Normo-environment refers to that which we see and 
measure in the clinic.

The Microenvironment focuses on the cellular environment of 
the tumor but also includes the normal cellular component of a tumor—stromal, epithelial, 
vascular, immunologic,and inflammatory cells

The Nano-to-pico environment  includes molecular targets
and the many biochemical and molecular processes that occur within the cancer cell before
during, and after perturbation with radiation.
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MEDICAL PRACTICE OUTCOME SCIENCE

Population population Average histo‐path/ anatomy 
no‐ / partial‐/ complete‐response epidemiology/ statistics

Personalized Prognostic above +
likely course based upon pre‐Tx  “omics” molecular biology

Precision Predictive / Quantitative  above + 
patient specific outcome  / adaptive Tx        physics and chemistry 

of disease process

PRECISION  MEDICINE 
‐ refers to the tailoring of medical treatment to the individual 
characteristics of each patient. It is based on the ability to classify 
individuals into subpopulations that differ in their susceptibility to a 
particular disease, in the biology and/or prognosis of those diseases 
they may develop, or in their response to a specific treatment
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PM leads to tailoring of RT to the individual characteristics of each patient, based on the 
ability to classify individuals into subpopulations that differ in their tumor and normal tissue 
response to radiation based upon their “omics” and phenotype and as demonstrated by 
imaging and bio‐sampling during treatment
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“anatomy based” RADIOTHERAPY
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‘3D’ Built on the principles of 
back projected CT 

‘4D’ Gimballed linac “VERO”
by Brainlab (Intra‐Tx imaging)

IMAGING SCIENCE
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Quantitative imaging is an important 
method by which the distinctions among 
patients can be measured. Coupled with 
molecular profiling methods, quantitative 
imaging can become an important tool for 
stratifying patient characteristics for 
appropriate interventions

IMAGING STANDARDS
INTEGRATING FUNCTIONAL/MOLECULAR IMAGING
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“biology based” RADIOTHERAPY
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R. Jeraj, U. Wisconsin

NOTE: 

PRECISE DELIVERY of radiation 
Is NOT  sufficient for 

PRECISION MEDICINE

Hypothesis: Patterning 
radiation dose according to 
imaged functional or 
molecular distributions will 
increase the TR

QUALITY ??

A recent review of the literature by Stone et 
al1 found significant concerns with preclinical 
data concerning the efficacy of 10 drug‐
radiation combinations presented in 125 
publications prior to 2015.While the 
preponderance of concerns were related to 
the biological aspects of these studies, it was 
also noted that necessary radiation 
parameters were either “not reported (or 
were unclear‐)” to an extent that 
compromised the reproducibility of the 
experiment. This was true for both the in 
vitro and in vivo studies.

Stone H, Bernhard EJ, Coleman CN, et al. Systematic Review: Preclinical 
Data on Efficacy of 10 Drug‐Radiation Combinations: Evaluations, Concerns 
and Recommendations. Translational oncology. 2015; in press.

Reproducibility 
Validation 
Efficacy
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Small animal radiotherapy research platforms
‐ F. Verhaegan et al, PMB 56 (2011) pp 55‐83 – DOSE IS NOT JUST A NUMBER !

http://www.nist.gov/pml/div682/grp02/dosimetry-standardization-for-radiobiology.cfm

1 National Institute of Standards and Technology,  Gaithersburg, Maryland 20899 
2 University of Wisconsin School of Medicine and Public Health, Madison, Wisconsin 
3 National Cancer Institute, National Institute of Health, Bethesda, Maryland 
4 Princess Margaret Hospital, University of Toronto, Toronto, Ontario, Canada 
5 Battelle–Pacific Northwest National Laboratory, Richland, Washington 
6 National Institute of Allergy and Infectious Diseases, National Institutes of Health, Bethesda, Maryland 
7 University of Texas Southwestern Medical Center Dallas, Texas 

RT is “FOCUSED BIOLOGY”
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We need to be aware that when 
radiation interacts with cells (tumor or 
normal) it 

Not only effects that cell but it causes 
the release of molecules 

C. Norm Coleman ITCR 2000 Conf Summary

So we have a 
(D, B)        B*

but

(xD,B) B**      xB* 

BIO – DOSE ??

20

Since dose is only a surrogate for 
Biological Effect and lot of the 
underlying biology is unknown, RT 
defines the Relative Biological Effect:

(RBE) = Dose of ref   radiation  
Dose of new radiation

Need to “measure” BIO EFFECTS from 
the cell level through outcomes !

But dose is only a SURROGATE for biological effect and lot of the underlying biology is 
unknown,so RT defines the Relative Biological Effect: (RBE) = Dose of ref radiation  

Dose of new radiation
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REVIEW ARTICLE
Future development of biologically relevant dosimetry

1,2H PALMANS, PhD, 3H RABUS, PhD, 4A L BELCHIOR, PhD, 3M U BUG, MSc, 1S GALER, PhD, 3U GIESEN, PhD, 5G GONON,
PhD, 5G GRUEL, PhD, 3G HILGERS, PhD, 6D MORO, PhD, 3H NETTELBECK, PhD, 7M PINTO, PhD, 8A POLA, PhD, 9S PSZONA,
PhD, 1G SCHETTINO, PhD, 1P H G SHARPE, PhD, 10P TELES, PhD, 5C VILLAGRASA, PhD and 11J J WILKENS, PhD

1Acoustics and Ionising Radiation Division, National Physical Laboratory (NPL), Teddington, Middlesex, UK
2Medical Physics, EBG MedAustron GmbH, Wiener Neustadt, Austria
3Abteilung Ionisierende Strahlung, Physikalisch‐Technische Bundesanstalt (PTB), Braunschweig, Germany
4Associação do Instituto Superior T´ecnico para a Investigação e Desenvolvimento (IST‐ID), Lisboa, Portugal
5Unit´e RadioprotecƟon de I’Homme, InsƟtut de RadioprotecƟon et de Sˆuret´e Nucl´eaire (IRSN), Fontenay‐aux‐Roses, France
6Laboratori Nazionale di Legnaro, Istituto Nazionale di Fisica Nucleare, Padova, Italy
7Centro Ricerche Casaccia, Istituto Nazionale di Metrologia delle Radiazioni Ionizzanti ENEA‐INMRI, Rome, Italy
8Department of Energy, Politecnico di Milano, Milan, Italy
9Kierownik Zatladu Interdyscyplinarnych Zastosowañ Fizyki, Narodowe Centrum Bad´an Ja˛drowych, Otwock‐Swierk, Poland
10Unidade de Protecção e Segurança Radiol´ogica, Instituto Tecnol´ogico e Nuclear, Instituto Superior T´ecnico, Sacav´em, Portugal
11Department of Radiation Oncology, Technische Universit¨at M¨unchen, Klinikum rechts der Isar, Munich, Germany

Br J Radiol 2015;88: 20140392.

Given the complexity of the initiation and occurrence of biological 
processes on various time and length scales, and given that neither 
microdosimetry nor nanodosimetry on their own can fully describe the 
biological effects as a function of the distribution of energy deposition 
or ionization, a multiscale approach is needed to lay the foundation for 
the aforementioned new physical quantities relating track structure to 
relative biological effectiveness in proton and ion beam therapy.

OPENMED Beam specification parameters (2016)

A proposal to transform an existing heavy ion accelerator at CERN, 

LEIR, into a non‐clinical, biomedical research facility.

3.1.9  Requirements for dosimetry and fluence 
monitoring
Dose measurements must be possible at low and high 
dose rates, as well as for low and high LET particles.

• Basic dosimetry: ionization chambers and other 
techniques, solid state, calorimetry and chemical systems, 
as required in a medical clinic. This needs to be the same 
standard as required by Swiss/French national reference 
laboratories for absorbed doses.
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Precision Medicine for Triage

Physical dose for EBRT
(continuation – dosimeters, small fields)

Physical dose for pre‐clinical and triage
(continuation – SOPs, counter measures (neutrons))

Physical dose for particle beams
(further development – measurements and basic reference
data)

Activity Standards
(further development – clinical isotopes, QI/radiomics)

Precision Medicine (RT) > Radiation  Standards 

Message from the Director, NIH: Selection of 
Eric Dishman as Director of the Precision 
Medicine Initiative Cohort Program
4/12/2016

X RAYS

Radio Activity

Historical Standards

Working Standards

Measures of Gravity

NIST and The Nobel

‐‐‐much more

Research in radium began at the National Bureau of Standards (NBS) in 
December, 1913 when a phial containing 20.28 milligrams of pure 
radium arrived from abroad. It was a certified equivalent to the 
International Radium Standard at Sevres, France, and a cover 
communication described its comparison with another quantity of 
radium salts prepared at Vienna and accepted as a second standard. 
NBS served hospitals and physicians by analyzing their radium salts 
against the international standard. Ernest Dorsey was the principal NBS 
researcher on radium as he made intercomparisons of sealed radium 
standards and started an investigation of the gamma‐ray method of 
radium measurement. [From: Measures for Progress by Rexmond C. 
Cochrane, p. 146‐147]+
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Thanks for this award and honor 

And thanks to my wife Joan for her enduring support


