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Basics: Gamma vs E-beam vs X-ray
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IBA Rhodotron® — Platform Enablers Tha

2.0 to 10MeV 2.5 to 10MeV 2 to 10MeV 2 to 7MeV Up to 40MeV
20kW 40kwW 100kW/245kW 560kW 125kW
Pulsed Continuous wave CW or pulsed CW or Pulsed Pulsed

Efficiency ~30%
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352MHz - 1.3m @ 215MHz - 1.6m @  107.MHz - 3.0m @ 107.5MHz - 3.0m @ 107.5MHz - 3.0m &
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Examples of IBA E-beam and X-ray Configurations

E-beam

Rhodotron
10 MeV E-beam

X-ray
eXelis
5 or 7 MeV X-ray

E-beam + X-ray
Rhodotron Duo

10 MeV E-beam

+ 5 And/or 7 MeV X-ray

Pallets Boxes and pallets

Boxes

E-beam top irradiation

© 2020 IBA SA

E-beam and X-ray top irradiation 4




Modality Selection

THICKNESS + BOTH = DUO
DENSITY
GAMMA /
HIGH SRV
Radiation
Compatible
Material ?
LOW E-BEAM

Product density and consolidated volume to be
treated determine modality selection

= Gamma and X-ray treat similar consolidated products
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E-Beam & X-Ray adoption has accelerated over the last 5 years

5.0% 5.0%

1

N

L

Z Gamma
“ETO
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Global cobalt scarcity has
led to increased prices and
delays in product sterilization

Strict regulations for cobalt
irradiator licensing (safety
concerns)

EtO under increased
scrutiny

5 to 7% global MD
sterilization market growth

Average yearly E-beam and
X-ray orders have tripled
since 2015
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Cost of Sterilization

= Accelerator based Processing Costs
Sterilization iS a cost For example, one large, multinational medical device manufacturer. utilizes both in-house and contract
- . sterilization services for its products, including gamma, e-beam, and EtO processing. It identifies similar
com petltlve mOdal |ty processing volume and costs for gamma and EtO overall, although these costs vary significantly among

processing locations, depending on the volume processed. Although the company only uses e-beam
sterilization on a proportionally limited basis—for roughly a third of the volume as each of the other two

= DHS White Paper at rlg ht technologies—it estimates that its e-beam processing costs per volume are roughly half of those for gamma
and EtO. The company does not use x-ray sterilization for its products.

— Gamma worst case

= Cost of treatment is similar
or lower than gamma

I TIITY Gamma‘tvpica\

emmesme Gamma best case

)(-ray Vs gamma —  X-ray worst case
/ A - "”" .
breakeven‘area: . essvsnsess  X-ray typical

= Ability to treat higher
volumes enables potential
for greater ROI

Capex

-- @ m e ese Xraybest case

¥ CISA

= Reduces risk of ¢9Co
scarcity

NON-RADIOISOTOPIC
i ALTERNATIVE TECHNOLOGIES
2,700,000 WHITE PAPER

Non-Isotopic Alternative
logies Working Group

300,000 700,000 1,100,000 1,500,000 1,900,000 2,300,000

Gamma equivalent capacity (Ci)
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Challenges Holding Back Adoption

= Product qualification
= An involved, costly process

= Requires available testing

facilities

= Regulation

Fragmented international
regulation

Establishing gamma and x-ray
equivalence

= Available information

Material effects

= Operational guidance
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IAEA

Intenational Atomic Energy Agency
Adonns For Peuce

Economical Feasibility of Transitioning from Gamma
Sterilization to Accelerator-based Sterilization

REPORT OF A CONSULTANTS MEETING

IAEA Headguarfers, Vienna, Austria

B RECOMMENDA TIONS 19 - 22 August 2019

The TAEA should continue to provide platforms for sharing information and experiences
on the use of all radiation modalities that are available for radiation sterilization of
healthcare product. This could be done through:

The IAEA should support Member States’ initiatives to evaluate compatibility of existing
products to all three technologies, in order to facilitate the transition from one technology
to the other if required.

The TAEA should support harmonization of existing standards and Member State
regulation, for instance the acceptance of radiation processing using X-Ray technology
with energy up to 7.5 MeV. This may be done by organizing technical meetings or
workshops supporting studies in this area.



Where Government Coulo

Help

= Working to harmonize
International regulations

= Facilitating product qualification

= Material effect studies and
publicly available data

= NABLO ongoing
through NNSA

= Support for facility/facilities
that would enable users to
gualify products

= Texas A&M E-beam
research facility
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Aerial — A Public/Private User Facility Model

= Example: FEERIX in
Strasbourg, France

10 MeV E-Beam & 5, 7
MeV X-Ray, and low
energy beams

g Dose mapping

Material compatibility

Process optimization

5-7 MeV X-Ray Target
220cm, X-Y scanning

Dosimetry study
Hands-on training

And a lot more...

10 MeV E-beam
80cm, X scanning
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Summary
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Accelerator-
based
sterilization is
a reliable,
cost-
competitive,
industrialized
process

|

Uptake of E-
Beam and
X-Ray over
the last 5
years

Increase in
cobalt prices
brings down
the capacity
for break-even
in X-Ray

Validating in
X-ray is
challenging
and time
consuming

What can be
done to help
adopters?



