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OUTLINE

1. Pre-clinical radiobiology studies as basis for new tx technologies.

2. Current challenges on reproducible and translatable expt’al results.

3. Some examples on how we might proceed:

i) Modern medical linac beam dosimetry
ii) Modern dicentric assay for biodosimetry
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Some examples of NEW radiation treatment technologies:

• Targeted radionuclide therapy

• Radiation Immunotherapy

• Flash RT

• Proton and heavy-ion particle therapy

1. Pre-clinical radiobiology studies as basis for new tx technologies.
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The Problem2.  Current challenges on reproducible and translatable experimental results.
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Proposed Principles and Guidelines for 

Reporting Preclinical Research

• NIH held a workshop in June 2014 with Nature Publishing 

Group and Science on this issue and developed a consensus

• A number of journals have endorsed the consensus 

developed in this workshop

• Rigorous statistical analysis – Information to authors

• Transparency in reporting – generous or no limit to length of 

methods sections

• Use of standards, replicates, statistics, randomization, 

blinding of samples, sample-size estimation, Inclusion and 

exclusion criteria

• Data and material sharing

• Consideration of refutations of a paper

• Consider establishing best practice guidelines for reporting:

• Image based data, antibodies, cell lines, animals 

(http://www.nih.gov/about/reporting-preclinical-research.htm)



Varian to equip New York proton consortium with ProBeam system

Location: New York City

Consortium: MSKCC , Mt Sinai, Montefiore , Opening date: end of 2018 

Cost:  $ 300 M    Maintenance : $ 120 M/10 yrs
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February 2018
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Carbon-ion Therapy Center in Heidelberg (H.I.T)
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Parameter Method/Source Reporting *Desired 

Accuracy

References

Irradiation 

technique
Facility report For each experiment. (examples: scanned, 

scattered, micro-beam)

N/A

Fluence 

Calibration
NIST traceable Ion 

Chamber + Monte 

Carlo, plastic 

scintillator for low 

dose experiments

At beginning of experiment, ion species change 

or machine down. For experiments with 

<100mGy exposure, consider plastic scintillator

+/-2% of total tracks 1

Physical Dose Ion Chamber Relative dosimetry including off axis dose. 

Chamber should be inter-comparable between 

centers. Comparisons between EGG at field 

center for absolute dose and traceable ion 

chamber to obtain calibration.

+/-2% 2-4

Time structure of 

the beam
Facility’s Accelerator 

report

Once per data taking period Only down to 

biological time 

scales relevant to 

experiments 

5

Fluence on 

multiple time 

scales

(#particles/area

/time)

Ion Chamber + MC For each relevant sample and all time scales 

relevant to biology/chemistry of experiment. 

MC may be used to determine values in the 

experimental setup

+/-5% of total 

tracks in the area 

and time unit

1

Table 4. A summary of recommended parameters, methods, reporting and desired accuracy
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Category Item % of articles including item

Absolute Dosimetry/ Calibration

Published Standards Used 6.9

Detector Type Used 3.4

Determination of Dose

Published Standards Used 10.3

Specification of Medium 6.9

Radiation Source Specification

Detector Type Used 27.6

Radioisotope 86.2

kV, Filtration, HVL 50.0

Details of the Irradiation

Animal/Cell Type 100

Dose Details 100

Field Size and Shape 0

Geometry of Fields 24.1

Table 1: Percent of sampled articles reporting items of information per 
NIST guidelines.
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Documented Errors seen using Mouse Phantoms

Courtesy: Jim Dye
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3.  Some examples on how we might proceed:

i) Modern dicentric assay for biodosimetry
ii)Modern medical linac beam dosimetry
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Dicentric Chromosomes

Conventional Lymphocyte Metaphase-Dicentric Assay

Notes on the graph above:

•Left panel: A schematic illustrating radiation-induced DNA damage (see left side of image) in an interphase cell and the 

resulting formation of radiation-induced dicentric (DIC) and accompanying acentric fragment (Ac) chromosome aberration in 

lymphocytes arrested in metaphase mitosis. 
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Data

Analysis

Methods
Dosimetry

Important Variables That Influence Data



Inter-Laboratory Comparison Studies



2002 International Inter-Laboratory Inter-Comparison Study
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Inter-Laboratory Comparison Studies

Wilkins et al. 2008



Avenues for Improving Quality 

Control and Quality Assurance

Standard 
Operating 
Procedure
s/Technica
l Manuals

Inter-
laboratory 
comparison 
studies

Good 
Laboratory 
Practice

International 
Committee on 
Harmonization/
International 
Standardizatio
n Organization

Clinical 
Laboratory 
Improvement 
Amendments

Note: Stringent implementation of regulations will hinder assay/protocol 

development and innovation. Therefore, optimum balance between 

innovation and quality is key to success
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Today’s radiation dose limits: 

5 R/yr, 0.1R/yr to non-radiation workers.
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Avenues for Improving Quality 

Control and Quality Assurance

Standard 
Operating 
Procedure
s/Technica
l Manuals

Inter-
laboratory 
comparison 
studies
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Laboratory 
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International 
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Clinical 
Laboratory 
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Note: Stringent implementation of regulations will hinder assay/protocol 

development and innovation. Therefore, optimum balance between 

innovation and quality is key to success
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