¢ Brookhaven

National Laboratory
BNL-225719-2024-JAAM

Recommendations for harmonized reporting of radiation Dosimetry by
adoption of Compatibility in Irradiation Research Protocols Expert
Roundtable (CIRPER)

W. Stern,

To be published in "International Journal of Radiation Biology"

April 2024

Nonproliferation and National Security Department

Brookhaven National Laboratory

U.S. Department of Energy

USDOE National Nuclear Security Administration (NNSA), Office of Defense Nuclear
Nonproliferation

Notice: This manuscript has been authored by employees of Brookhaven Science Associates, LLC under Contract
No.DE-SC0012704 with the U.S. Department of Energy. The publisher by accepting the manuscript for publication
acknowledges that the United States Government retains a non-exclusive, paid-up, irrevocable, world-wide license to
publish or reproduce the published form of this manuscript, or allow others to do so, for United States Government

purposes.



DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any
agency thereof, nor any of their employees, nor any of their contractors,
subcontractors, or their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or any
third party’s use or the results of such use of any information, apparatus, product,
or process disclosed, or represents that its use would not infringe privately owned
rights. Reference herein to any specific commercial product, process, or service
by trade name, trademark, manufacturer, or otherwise, does not necessarily
constitute or imply its endorsement, recommendation, or favoring by the United
States Government or any agency thereof or its contractors or subcontractors.
The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.



Commentary

Recommendations for Harmonized Reporting of Radiation Dosimetry by Adoption of
Compatibility in Irradiation Research Protocols Expert Roundtable (CIRPER)

Warren Stern!, Parham Alaei?, Ross Berbeco®, Larry A. DeWerd*, Jacob Kamen®, Carolyn
Mackenzie®, Eduardo G. Moros’, Yannick Poirier®, Charles A. Potter®, Dorthe Schaue'?, Ileana
Silvestre Patallo!!, Michael Abend'?, Steven Swarts'®, Francois Trompier'*

"Nonproliferation and National Security Department, Brookhaven National Laboratory, Upton, New York
2Department of Radiation Oncology, University of Minnesota, Minneapolis, Minesota

3Department of Radiation Oncology Brigham and Women’s Hospital, Dana-Farber Cancer Institute, and Harvard
Medical School, Boston, Massachusetts

“Medical Radiation Research Center, Department of Medical Physics, University of Wisconsin School of Medicine
and Public Health, Madison, Wisconsin

SDepartment of Radiology, Mount Sinai Health System, New York, New York

¢ American Academy of Health Physics, New York, New York

"H. Lee Moffitt Cancer Center and Research Institute, Department of Oncological Sciences and Department of
Physics, University of South Florida, Tampa, Florida

8Department of Radiation Oncology, University of Maryland School of Medicine, Baltimore, Maryland

Sandia National Laboratory, Albuquerque, New Mexico

"Department of Radiation Oncology, David Geffen School of Medicine, University of California Los Angelos,
California

""Medical Radiation Physics and Science Groups, National Physical Laboratory (NPL), Guilford, UK;RadNet
Standardization Dosimetry Group (Co-chair), Cancer Research UK (CRUK), London, UK

12Bundeswehr Institute of Radiobiology, Munich, Germany

3Department of Radiation Oncology, University of Florida, Gainesville, Florida

14 Jonizing Radiation Dosimetry Laboratory (LDRI), Human Radiation Protection Unity, Institut de Radioprotection
et de Su"rete” Nucle aire (IRSN), Fontenay-aux-Rose, France

In radiobiology, radiation physics, and related areas, there is growing interest in
transitioning from cesium-based irradiators to X-ray technologies. Therefore, it makes it
imperative for reproducibility purposes, for researchers to provide specifications regarding device
parameters, machine calibration details, and experimental setup when innovative X-ray technology

is being employed (Table 1).

Several groups have already identified a glaring lack in completeness of critical
information on experimental setups, equipment, and physical parameters in published radiation
biology studies (Poirier et al. 2023; Stern et al 2022; Draeger, et. al 2019; Stark 2018; Baker 2016;

Desrosiers et al. 2013). The Alternative Technologies Meta Study Report by Brookhaven National



Laboratory (BNL) examined 456 manuscripts published between 2017-2021 (Stern et al. 2022).
Only 64 of the reviewed studies (14.0%) consistently reported methods that could allow for
replication of their studies. However, 85% provided information on the manufacturer, the irradiator
model and the absorbed radiation dose. Approximately 66% provided information on the energy
spectra and the dose rate, but only one third disclosed the filter used. Less than 15% of the reviewed
studies reported information on calibration and field geometry, specifically field size and distance

from source, which are critical parameters in determining the absorbed radiation dose.

Acknowledging this lack of critical information, several meetings were already organized
and sponsored by National Institute of Standards and Technology (NIST), the National Institute of
Allergy and Infectious Diseases (NIAID), and the National Cancer Institute (NCI). These meetings
resulted in new dosimetry reporting guidelines for researchers and authors (Poirier et al. 2023).
Additionally, the American Association of Medical Physicists Task Group No. 319’s work on
creating guidelines for accurate dosimetry in radiation biology experiments and parallel initiatives
by the Medical Radiation Physics and Science Groups, National Physical Laboratory (NPL),
RadNet Standardization Dosimetry Group, and the Cancer Research UK (CRUK), are further

examples of efforts to address this challenge.

Under the Cesium Irradiator Replacement Project (CIRP), the National Nuclear Security
Administration (NNSA) intends to assist and support the transition from cesium-based irradiators
that can potentially be used in an act of terrorism, to X-ray technologies. In that vein, it seeks to
alleviate the issue of inconsistent reporting measures and recognizes the problem’s contribution to
the confusion and reluctance researchers may experience when considering the decision to
transition to alternative technologies, despite the many advantages it provides. Advantages include

guided imaging that mirror clinical applications (which cesium-137 irradiators cannot



accommodate), significantly decreased regulatory burdens, and the complete elimination of
security threats. It should be noted that alternative technologies can also be understood as advanced
technologies; a BNL survey revealed that 41% of researchers who transitioned to X-ray irradiators
reported that the advantages of X-ray irradiators allowed them to pursue completely new and

innovative lines of research (Stern et al, 2022).

In this context, BNL organized the Compatibility of Irradiation Research Protocols Expert
Roundtable (CIRPER) with the support of NNSA’s Office of Radiological Security (ORS) in 2022
and 2023. The roundtable included foremost radiation biologists, medical physicists, federal grant
managers, and device manufacturers (Table 2). In a concerted effort to increase transparency and
reproducibility, experts at the meeting came to a consensus on a standardized set of parameters
that any researcher working with X-ray irradiators ought to include upon publishing their work.
CIRPER nparticipants agreed that, at a minimum, the Methods section of these papers must
reference irradiation protocols and provide details on device parameters, experimental setup,
calibration details, and whether the irradiator calibration is traceable to a national standard
(parameters detailed in Table 1). These parameters agree with the recently published standards of
the aforementioned NIST/NIAD/NIH initiatives (Poirier et al. 2023). With this approach and a
commitment to enforcing these expectations, NNSA intends to positively impact the quality of

peer-reviewed and federally funded research.
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Table 1
Stern et al.

Recommended Methodological Disclosure Requirements
Device Parameters
Manufacturer and Model
Energy (kVp)
Time (mAs) or
Dose Rate (Gy/min)
Air Kerma Rate or Dose Output (Gy/min) as provided by the manufacturer's
datasheets (Gy/min)
Absorbed Dose to Target (Gy)

Filters (Materials and Thickness) And Half-Value Layer (HVL) Whenever Available

Machine Calibration Details
Calibration Detector (Manufacturer and Model)
The energy at which the dosimeter was calibrated and the dose quantity used for
calibration (Dw or air kerma)
Frequency and Date
Experimental Setup
Field Size
Surface of sample distance from source and orientation
Sample description
Sample Shielding
Sample Holder
Other Sources of Scatter
photograph of the experimental setup (optional)
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