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PHYSICS NEEDS IN 
RADIATION SCIENCES



Reproducibility / Validation / Efficacy



Previous Workshops:



2003 recommendations

(1) Establish a National Council of Radiation Sciences to develop a strategy for increasing the number of radiation 
scientists. The strategy includes NIH training grants, interagency cooperation, inter-institutional collaboration 
among universities, and active involvement of all stakeholders. 

(2) Create new and expanded training programs with sustained funding. These may take the form of regional 
Centers of Excellence for Radiation Sciences.

(3) Continue and broaden educational efforts of the American Society  for Therapeutic Radiology and Oncology 
(ASTRO), the American Association  for Cancer Research (AACR), the Radiological Society of North America 
(RSNA), and the Radiation Research Society (RRS).

(4) Foster education and training in the radiation sciences for the range of career opportunities including radiation 
oncology, radiation biology, radiation epidemiology, radiation safety, health/government policy, and industrial 
research.

(5) Educate other scientists and the general public on the quantitative, basic, molecular, translational and applied 
aspects of radiation sciences.



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 



CURRENT REALITIES

1) Radiation equipment and methods are increasing in variety
and complexity.

2) Radiation biologists rarely receive training in radiation 
dosimetry.

3) Radiation biologists usually use irradiation equipment 
dedicated to research that is not shared with and calibrated 
by their clinical colleagues.

4) Radiobiologists now rarely work with radiation 
physicists as part of their joint routine duties, and there are 
fewer radiation physicists who are trained in the unique 
characteristics of the equipment used and problems involved in
performing dosimetry in support of radiation biology. 
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-
2
0
%

+
2
0
%



IT’S     “COMPLICATED”

1 X ~ 10%



MEASURED DOSE DEPENDS ON ENERGY



IN-VIVO DOSE DEPENDS ON ENERGY



DOCUMENTED ERRORS In- VITRO
* An early report from AFFRI ( AFFRI TR89-1) observed that “the x-ray 
energy spectrum produced at a peak voltage of 50 kV and with added Al 
filters readily undergoes attenuation by the plastic tissue-culture Petri-dish 
covers or the culture media. For example, using a beam hardened with 
0.18 mm of Al the attenuation due to the medium can be as high as 
60% and the plastic cover will reduce the beam an additional 15%.”

* Manufacturer-supplied 
calibrations for a number of 
commercially-available irradiators have 
been found to differ by + 5% to -13%
from their true values with variations in dose 
rate over irradiation volumes from 70% to 
180% of the stated value. (Masterson and 
Febo Med Phys 19 (3), 1992 pp 649-657 

Yoshizumi et al , IJRB, 
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DOCUMENTED ERRORS   In- VIVO



MUST  REPORT IT

PERCENT which supplied information about:
source energy dose rate setup dosimetry NO INFORMATION 

Cell           (n = 101) 85 % 52 % 60 % 20 % 7 % 15 %

Animal (n = 49)  85 % 50 % 50 % 75 % 10 % 10 %

Table 2. Recent review of radiation modifiers papers published since 2001 (n ~ 120)
(H. Stone et al NCI/RRP private communication)



RECOMMENDATIONS 
( NCI, NIAID, NIST workshop report, 2013 )



RESOURCES



TRAINING



CALIBRATION PROTOCOLS



FROM THE PHYSICS SIDE
AAPM Working Group on Conformal Small Animal Irradiation

• Members from ~15 different institutions

• Intercomparison of dosimetry and image-guidance capabilities across member 
institutions

• Will look at small (1-5mm) and moderate (1-2cm) fields

• Using EBT-2 Film and solid water phantoms

Charge To generally promote research ideas and opportunities related to small animal 
conformal irradiation. This could be done, but is not limited to, the following opportunities: 1. 
Promoting awareness of the existence and the current development of small animal 
conformal irradiation systems. Specifically: 

a) To define terminology and specifications in collaboration with end users. 
b) To establish interdisciplinary communications (review paper in a biological-oriented 

journal). 
c) To identify (aside from Radiation Research) potential audiences for symposium on 

this area. 
d) To liase with Radiation Research Society. 
e) To involve cancer/radiation biologists in this working group. 
f) To develop a funding strategy for foundational issues 1. Software, imaging, and 

process development, 2. phantom, QA 3. data sharing, databasing of outcomes.



SERVICES
(Medical Counter Measures Against Radiological Threats- MCART)

PS3: Monday 1:45 to 2:30 PM, on commissioning of XRAD320 irradiator for radiobiological study of small animals



SERVICES 



Small animal radiotherapy research 
PLATFORMS – F. Verhaegen et al, PMB 56 (2011) pp. 55-83

SARRP
(XStrahl/JohnsHopkins)

XRad225Cx (PrecisionX-Ray/
PrincessMargaret Hospital)




