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Introduction
Radiation therapy (RT) is one of the main modalities in

Cancer treatment and it falls under the category of
Radiation oncology. In past couple of decades there has
been an explosion of technological advances in
Radiation oncology especially in RT. Radiation therapy
comes in various forms. The two main categories of RT
are External Beam RT (EBRT) and internal RT or also
known as brachytherapy. EBRT has photon based and
proton-based treatment techniques. Photon beam
Radiotherapy is generally employed to provide radiation
treatment across the globe. However, the demand and
usage of Particle beam therapy is increasing worldwide
despite its higher cost compared to conventional linear
accelerator (LINAC) based Photon Radiation Therapy.
Particle Beam Therapy includes proton beam therapy
(PBT) and heavy ion therapy. Proton beam centres are

increasing worldwide primarily due to its dosimetric,

biological and physical characteristics that have

potential to provide more precise treatment resulting in
better normal tissue sparing and tumour control. A study
by Tagaddas has shown that experts working in the
Proton beam therapy field are demanding improvements
in the current technologies [1]. Similarly, another study
on Surface Guided Radiotherapy has shown that there
are problems with AlignRT and Vision RT and there is
absence of compatibility with Proton Therapy delivery
System [2]. A study on Robotic CyberKnife Technology
has revealed that financial difficulty is one of the main
challenges in implementing this technology [3]. The
improvements in the existing Radiation oncology and
medical Physics technologies are possible if proton
beam therapy medical device manufacturers continue to
be innovative and produce innovative products and

processes that meet customer and patient needs.
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This prompted the researcher to assess the innovative
capabilities and activities of 5 proton Beam Therapy
Medical device manufacturers focusing on lon Beam
Applications, SA, Louvain-la-Neuve, Belgium. In the
present study, Innovation leadership at company level in
lon Beam Applications, Louvain-la-Neuve, Belgium will
be assessed and compared with Hitachi, Ltd, Japan,

Varian Medical Systems, Inc. USA, Siemens

The objectives of the Research project are depicted in Fig.1

To measure innovative

Healthineers AG, Munich Germany and Accuray
Incorporated, Sunnyvale, California, USA in the field of
Proton therapy and Radiation oncology Industry. In the
present study a model developed by Blagoev and
Yordanova (2015) will be used to gage the innovative
leadership at company level [4]. The model consists of
12 metrics. These metrics are used to assess innovation

activities, potential and capabilities of these companies.

o carry out a bref

leadexshrp at company level in Ion
Beam Applications, SA and its
competitors — Hitachi, Ltd, Varian
Healthineers, AG and Accuray,
Incorporated.

financial market analysis of lon Beam
Applications, SA and its competitors
to see how much financial resources
they have to survive economic, social
and financial upheavals in the market
and to ensure continued growth and
Innovation

To conduct Radiation

Oncology Market Review

Fig.1 Objectives of the Research Project

The research paper is written for informed reader and
prior knowledge of the medical terminology is assumed.
Literature Review

The demand for proton beam therapy is increasing
worldwide and lot of Proton beam facilities have been
built and many are under construction. However,
adoption of new technologies especially Proton beam
therapy is limited because of high implementation costs,
lack of expertise and technological challenges. Yap et
al. [5] state that the primary barrier to Charged particle
therapy is still the cost as Charged particle facilities are
run by affordability, functioning and complexity of current
technology [5]. Advance delivery techniques are needed
but limited by prolonged delivery times [5]. In the
research paper 1, Tagaddas also described the features
that are desired and required in Proton treatment

Planning Systems, Beam delivery systems and Imaging

Definitions have been provided for more ambiguous
terms in the glossary and in the text.

systems [1]. Some of these improvements desired by
Proton Beam Therapy experts include Faster layer
switching times, better dose rate, better motion
management, couch adapted to posterior oblique
beams and better Image guided Radiation therapy
capabilities. Some of the Improvements and features
desired by experts in radiation treatment planning
systems included use of machine learning, uniformity of
algorithms, density correction tools, auto segmentation
and multicriteria optimization [1]. Yap, et al. also states
that the time to switch energy layers is a restricting
feature of beam delivery systems (BDS) and influences
beam delivery time [5]. A review carried out by Vidal et
al. concluded that several technological challenges
remain and many new technical developments need to
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be integrated into existing proton therapy systems [6].
Advances in accelerator field, spatial resolution
attainable with Pencil beam scanning (PBS), better dose
conformation to the target, arc therapy, flash therapy,
adaptive proton beam therapy and small accelerator
designs are some of the areas in which Particle therapy
system vendors are investing in [6,7]. In order to give
Flash proton therapy, accelerator technology needs to
be improved so that high dose rates can be given. This
means increasing current range from 1-10nA to more
than 100nA and ability to carry out quick energy
adjustment in milliseconds. This is particularly
Conclusion

Studies reviewed provide adequate evidence that
improvements are desired in current technologies
especially particle beam therapy systems. A number of
areas have been identified that require improvement and
innovative solutions. Vendors are putting in effort to
come up with more economical and fast solutions. This
has led the PhD candidate to discuss the innovation
capabilities, competences and activities of five Proton
beam therapy vendor companies in the present study
(research paper 4) to see how innovative these
companies are, what technologies they have or are
developing to resolve challenges currently faced by
Proton beam therapy and Radiation oncology machine
users and where they are heading in future. There are
no studies that assess innovation capabilities, activities
and competences of Particle beam therapy
manufacturers especially no studies covering IBA,
Hitachi, Varian, Accuray and siemens Healthineers. No
studies have been conducted where Innovation
leadership model has been applied to companies in
Particle Beam therapy Industry. All of this prompted the
researcher to select this area of study as topic of
research for the present study.

Materials and Methods
Study overview and methods
In the present study Company innovative leadership

model suggested by Blagoev and Yordanova [4] is
applied to assess the innovation activities, potential and
capabilities of 5 Proton Beam Therapy medical device

manufacturing companies. These companies include

challenging for synchrotron-based systems. In addition
to it pencil beam scanning speed needs to be increased
2 folds compared to current scanning speeds. Vendors
of particle beam delivery systems and particle
accelerators are putting in efforts to enhance
technological features of particle therapy system. This in
turn is related to innovation capabilities, competence
and activites of the particle therapy system
manufacturers. The results of research paper 1 has
shown that experts are demanding improvements in
current Proton beam therapy systems and associated
technologies.

lon Beam Applications, SA, Belgium, Varian Medical
system, Inc. USA, Siemen Healthineers AG, Germany,
and Accuray Incorporated, USA. The model proposed
by Blagoev and Yordanova includes 12 metrics. These
metrics are divided into 2 categories namely i)
innovation Potential and Capabilities and Il) Innovation
Activities. The author of the present study has modified
the model and have introduced some additional metrics
which are Proton Revenues, Revenues Year-Over-Year
Growth, R&D expenses Year-Over-Year Growth, R&D
intensity Year-Over-Year Growth and total number of
employee. In total there are 17 metrics. The modified
model is shown in Fig.2. It is important to note that
Siemens Healthineers AG, that has registered office in
Munich, Germany completed acquisition of Varian
medical system, Inc, head quartered in Palo, Alto,
California on 15th April 2021 thereby creating a large
radiation oncology business [8]. Therefore, for the
purposes of this study, Financial statements of Siemens
Healthineers will be used for 2021 and onwards. The
study also provides a brief analysis of Global radiation
oncology market. The study also involves a brief
financial Market analysis of IBA and its competitors. This
is a secondary data research. A wide range of industry

sources were used for secondary research which

includes:

. Company annual reports

. Company financial reports
. Company websites

. Company press releases
. Company presentations
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. External websites

Innovative
Leadership Model
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Fig 2: Modified Innovative leadership model

Selection of Companies for the study: Companies in
this study were selected as they are major Particle beam
therapy medical device manufacturers. IBA is a leader
in proton beam therapy with 35 years of experience.
Hitachi, Varian, Siemens Healthineers and Accuray are
all major competitors of IBA in the field of Proton therapy
and Radiation oncology industry.

Statistical Analysis: Data was logged into Microsoft
Excel. Graphs were generated in Microsoft excel.
Descriptive analysis including percentages, mean,
median, minimum and maximum values were used to
examine the results of study. Data was converted into
points to see how each company performs in numerical
terms. For each social media website used, for each
platform developed, for each innovation & R&D strategy
that company has, for each education & training course
that company offers its employees and for each
innovation leadership program that companies offer, 1
point is given. The Strategies and Policy matrix is
measured on a scale of 10 points. It is difficult to convert
Revenue and R&D investment, intensity and YOY

growth data into points. In order to convert revenues and

R&D investment figures into points, mean values were
used. The company with highest mean value gets 5
points where as company with lowest mean value gets
1 point. 2nd highest mean values get 4 points, 3rd
highest mean values get 3 points and 4th highest mean
values get 2 points. For Revenue YOY Growth data,
same method is applied for each year from 2021 to 2016
i.e. the company that shows highest change in revenues
will get 5 points in that particular year and the company
that shows lowest change in revenue gets 1 point for a
particular year. R&D Investment YOY growth data is
considered only for 2020 not for every year as all
companies presented their growth individually in FY
2020. In 2021 Varian does not exist as separate entity.
This is extra Metrix introduced by researcher. To convert
R&D Intensity YOY growth data into points, again only
data from 2020 was considered. Highest change in R&D
intensity was awarded 5 points and lowest change in
R&D intensity was awarded 1 point.

Supplemental Data: Eight Appendices are listed under
supplemental Data. Appendix A contains currency

exchange rates used for conversion into USD. Appendix
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B shows IBA Innovations in 2022, 2021, 2020, 2019 and
2018. Appendix C lists innovations made in-house and
made in Collaboration by Hitachi Ltd. Appendix D
contains Varian innovations in 2021, 2019 and 2018.
Appendix E lists innovations of Siemens Healthineers.
Appendix F lists Innovations of Accuray. Appendix G
provides scores for all 5 companies. Appendix H
provides a list of Abbreviations. Glossary is also
provided at the end.

1. Company Codes

Results and Discussion
Results are described under following four main

headings

1. Company Code

Innovation Potential and capabilities
Innovation Activity

Market overview

Financial Market Analysis

arwbd

Each company is assigned a code. Table | shows codes assigned to companies.

Table 1: Company Codes

Company Codes

Company Hame

lom Beam Applications, SA Balgium

Company code

Hitachi, Ltd

HTHI

Varian Oncoloqy Systems, Inc. USA - (A Siemens Haalthineer Company )

Siemens Healthineers AG, Germany

Accuray Incorporated, USA

SHL

1. Innovation Potential and capabilities
Six metrics will be discussed under Innovation potential

and capabilities i.e. Sales data, change in sales
revenue, social capabilities, platform and data,
strategies and Innovation leadership. IBA data was
obtained from [9,10,11, 12, 13, 14, 15, 16,17, 18, 19, 20,

21, 22]. Hitachi data was obtained from [23, 24, 25, 26,
27]. Siemens Healthineers

data was obtained from [8, 28, 29, 30, 31, 32]. Varian
data was obtained from [33, 34, 35, 36, 37] and Accuray

data

was obtained from [39,40, 41, 42, 43, 44].

Net sales/revenues and change in sales or revenue
Results are shown in Fig. 3 -1 3

IBA Revenues and Y-O-Y Growth

In case of IBA, Proton therapy Segment made highest

revenue contributions toward total group revenue from
2020-2015. IBA proton therapy segment contributions
towards revenue were greater than revenue
contributions made by Proton Solutions segment of
Varian Medical Systems from 2020-2018. IBA proton
therapy segment generated USD 0.19, 0.23, 0.17, 0.18

bn in 2021, 2020, 2019 and 2018. In 2021, IBA
experienced a decrease of 10.2% in Proton therapy

revenue from previous year. In 2020, IBA had an
increase of 19.5% in PT revenue compared to previous
year. In 2019, 2018 and 2017, IBA PT revenues
decreased by 1.3%, 18.3% and 13.34% respectively. In
2016 IBA saw increase in PT revenue of 39.9%. IBA
revenues from 2021 to 2016 were lower than the
revenues of its competitors. IBA produced USD 0.36,
0.38, 0.32,0.3, 0.34 and 0.35 bn in 2021, 2020, 2019,

2018, 2017 and in 2016 respectively.
IBA showed 10.4 %, 10% and 21.6 % change in

Revenue in 2020, 2019 and 2016 compared to
respective previous years. These Y-O-Y growth figures
are highest compared to other four companies. In 2021
IBA showed 0.3 % increase (rounded to zero) in net
revenues from previous year i.e., an increase of EUR
1.009 million. The decrease in revenue in 2021 was
attributed to decrease in revenue generated by Proton
Therapy segment. This decrease was partially offset by
increase in revenue reported by Other Accelerator (USD
0.1bn) and Dosimetry segments (USD 0.06 bn). In 2019,
IBA experienced 10% increase in revenue from previous
year. In 2018 and 2017 IBA suffered decrease in
revenues of 10.4% and 12.6% compared to 2017 and
2016 respectively. The decrease in revenue in 2018 and
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2017 was attributed to slow proton market. Other
accelerator segment revenue increased in 2021 and
2020 by 26.4% and 51.3% from 2020 and 2019
respectively. In 2018, there was 19.5% increase in other
accelerator segment revenue where as in 2017, IBA
suffered a decrease of -25.8% in Other Accelerator
Segment Revenues. Dosimetry business saw increase
in revenue in 2021, 2019 and in 2017 compared to
previous years where as there was a decrease in
Dosimetry revenue in 2020 compared to 2019 and in
2018 compared to 2017. Decrease in Dosimetry
revenue of 5.2% in 2020 from 2019 was due to change
in business scope arising from the sale of RadioMed in
2019. Despite Covid-19 Dosimetry business continued
to acquire market share in 2020. IBA has the lowest
mean ($ 0.34 bn), median ($0.34 bn), maximum ($ 0.38)
and minimum ($ 0.3 bn) values of revenue in past 6
years from 2021-2016 compared to its competitors.
Overall IBA showed significant resilience in all business
segments with increased uptake of orders in almost all
business lines.

Hitachi Revenue and Y-O-Y Growth
Results are depicted in Fig. Author of the present study

converted Revenues in JPY into USD using currency
exchange rates on 31st March. The currency exchange
rates used in this study are shown in Appendix A. Hitachi
revenues are significantly higher than other 4
companies. This is probably because Hitachi has 9
business segments and it not only operates in radiation
oncology market but also operates in other sectors like
automobiles, Energy, IT and metals. Hitachi forecasted
revenue for 2021 are USD 77.9 bn. Hitachi revenues for
2020, 2019, 2018, 2017 and in 2016 were USD 78.56
bn, USD 81.53 bn, USD 85.32 bn, USD 88.1 bn and

USD 82.46 bn respectively. The Y-O-Y growth was 9, 0,
-8, 1, 2 and -9 for 2021, 2020, 2019,2018, 2017 and
2016 respectively. In FY 2020 Hitachi Smart life

segmented contributed highest revenue towards the
total company revenue. In 2019 and in 2018 IT segment
contributed highest revenue. Hitachi revenues by
segment for FY 2021 are not available yet. Hitachi does
not provide Revenues for Proton therapy separately and

therefore direct comparison of PT revenue with other

companies is not possible. Proton Therapy falls under
Smart life segment. Within Smart life segment is
diagnostic imaging & therapy sub segment which
includes Particle Therapy system. In 2020 diagnostic
imaging & Therapy sub segment reported USD 1.64 bn.
Hitachi mean, median, maximum and minimum
revenues are $ 82.31, $ 81.99, $ 88.1, $ 77.9 bn over
past 6 years from 2021-2016. These values are
consistently and significantly higher than other 4
companies. This is a good indicator of its resilience in
various markets. Overall, it seems Hitachi has resilient
business lines as changes in overall company revenue
decreased only in 2019 and 2016 from 2021-2016.
Siemens Healthineers Revenue and Y-O-Y Growth
SHL acquired Varian Medical systems on 15th April
2021 which significantly increased its presence in
Radiation oncology and particle therapy markets.
Siemens Healthineers revenues are significantly higher
than IBA, Varian (before its merger) and Accuray.
However, its group revenues are significantly lower than
Hitachi, Ltd. Siemens Healthineers Revenues in 2021,
2020, 2019, 2018, 2017 and 2016 were $ 20.84bn,
$16.96 bn, $15.82 b, $15.58 bn, $ 16.16 bn and $15.23
bn respectively. The company experienced 24%
increase in revenue in 2021 compared to previous year.
There was 7% increase in revenue in 2020 compared to
2019. In 2019 increase in revenue was 8% compared to
previous year. In 2018 Siemens Healthineers revenues
declined by -2%. In 2017 and 2016, Siemens
Healthineers experienced 1% and 5% increase in
revenues respectively.

Imaging segment made highest contribution towards
total group revenue in 2021 and 2020 ($11.37 bn,
$10.33 bn). Diagnostics segment generated $6.27 bn
and $4.6 bn in 2021 and 2020 respectively. Advanced
Therapeutics segment produced $1.99 bn and $1.91 bn
in 2021 and 2020 respectively. Varian segment reported
$1.51 bn in 2021. In 2021, highest revenue by region
was shown by EMEA (Europe, Common Wealth of
Independent States, Africa, Middle East) followed by
Americas and Asia & Australia. In 2020 Highest revenue
was generated by Americas followed by EMEA and Asia

and Australia. The mean, median, maximum and
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minimum values over a period of six years from 2021-
2016 were $16.75 bn, $15.99 bn, $20.84 bn, and $15.23
bn respectively. These values are significantly higher
than IBA, Varian and Accuray. The author of the present
study has converted Euros into USD using exchange
rates given in Appendix A.

Varian Revenues and Y-O-Y Growth:
In 2021 Varian segment of Siemens Healthineers

reported $1.505 bn in revenue. In 2020, Varian Medical
Systems, Inc. generated $3.17 bn in Total revenues. In
2019 and 2018, the total revenues were $3.23bn and $
2.92 bn respectively. In 2017 and 2016 Varian reported
total revenues of $2.67 bn and $2.62 bn respectively. In
2021 and 2020 Varian revenue decreased by 52.5% and
2% compared to 2020 and 2019 respectively. Revenue
wise Varian stood at third position i.e., has third largest
revenues after Hitachi and Siemens Healthineers.
Varian revenue increased by 10%, 9.3%, 2% and 5% in
2019, 2018, 2017 and 2016 respectively. Oncology
Systems contributed highest revenue by segments of
USD 3.0 bn, 3.06 bn, 2.77bn in 2020, 2019 and 2018
respectively. This means from 2019-2017 Varian’s
change in revenue was highest and was comparable to
IBA in 2019, comparable to Hitachi in 2017. Proton
Solutions made second highest contributions of USD
0.12 bn, 0.14 bn and 0.15 bn in 2020, 2019 and 2018
respectively. Other Segment contributed $0.049bn and
$0.019 bn in 2020 and 2019 respectively. No data was
reported for other segment in 2018. Varian reports
revenue by region in three categories (Americas, EMEA
and APAC). From 2020-2017 Americas reported highest
revenues, followed by EMEA and APAC.

Accuray revenues and Y-O-Y Growth:
It has only one segment (Oncology Systems Group) to

IBA Annual Net Sales in USD BN

giryyy

201 2020 2019 201 017 2016
Netsalesin USDBN 036 038 032 03 034 035

report and the company does not measure the
performances of its individual product lines. Hence
revenues and Asset information is displayed by
geographic areas [41]. Accuray reports revenues by
geographical regions in 5 regions namely i) Americas, ii)
Europe, Middle East, India and Africa, iii) Asia Pacific
excluding Japan and China, iv) Japan and V) china. The
total revenue of Accuray was $ 0.396 bn in 2021. Total
revenue was $0.383 bn, $0.42 bn, $ 0.41 bn, $0.38 bn,

$0.399bn in 2020, 2019, 2018, 2017 and 2016
respectively. This puts Accuray at position 4 with respect

to revenues against its competitors. In 2021, Accuray
showed 3.4% increase in revenue from 2020. In 2020
Accuray revenues decreased by 8.6% compared to
previous year. In 2019 Accuray again showed 3.5%
increase in revenue from 2018. In 2018 and 2017
Accuray showed 5.7% increase and 4% decrease in
revenue from previous years respectively. In 2016,
Accuray experienced 5% increase in revenue. In short,
Accuray showed decline in revenues in 2020 and 2017.
In 2021, region characterised by Europe, Middle East,
India and Africa contributed highest revenue ($ 0.12 bn,
31%) followed by Americas (27%), China (20%), Japan
(16%) and Asia Pacific (7%). In 2020, Americas
contributed highest revenue (34%) toward total revenue
followed by region characterised by Europe, Middle
East, India and Africa (31%), Japan (19%), Asia Pacific
(8%) and China (8%). It seems Covid-19 restriction in
China negatively affected Accuray sales in China in
2020. However, sales in China increased in 2021. In
2019, region characterised by Europe, Middle East,
India and Africa contributed highest revenues towards
total revenue, followed by Americas, Japan, Asia Pacific

and China.
VAR Annual Revenues in USD bn

(it ' Y =
"y
04
- = e O .
VAR VAR | VAR VAR VAR | VAR

2021 2020 2018 2018 2017 2016

Revenues in USD bn'  1.505 347 3.23 292 267 262

Fig. 3IBA and Varian Revenues from 2021 to 2016
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SHL Fiscal Year Revenue in USD bn
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Fig.4 Siemens Healthineers and Accuray Revenues from 2021 to 2016

Hitachi Revenues in USD bn and JPY bn from FY 2021 to FY 2016
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Fig. 5 Hitachi Revenues in USD and JPY bn for six Fiscal Years
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Mean, Median, Maximum and Minimum values of Revenues in USD bn from 2021 to 2016
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IBA Net sales by Segments Varian Revenues by Segments in USD bn
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Revenue for Hitachi’s Diagnostic Imaging & Therapy system in FY 2020
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Fig. 10 Hitachi Revenues of Diagnostic Imaging & Therapy Systems in FY 2020
Revenues by Segment in JPY bn, Revenues in USD bn and Percentage of Total Revenues in FY 2020
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Fig. 11 Hitachi Revenues by Segment & Percentage contribution towards Total Revenue in FY 2020
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Revenues by Segment in JPY bn, Revenues in USD bn and Percentage of Total Revenues in FY 2019
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Fig.12 Hitachi Revenues by Segment & Percentage contribution towards Total Revenue in FY 2019

Revenues by Segment in JPY bn, Revenues in USD bn and Percentage of Total Revenues in FY 2018
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Fig.13 Hitachi Revenues by Segment & Percentage contribution towards Total Revenue in FY 2018
Social capabilities countries exchanged ideas, provided real time

Results are shown in Table Il. Companies are awarded feedback, discussed collaboration and carried out

one point for each social media platform they use. technical and clinical discussions [19]. Similarly, in 2019,

lon Beam Applications, SA is present on 4 social media IBA organized ninth Annual Proteus® User meeting in

websites i.e., YouTube, Facebook, LinkedIn and Twitter. Miami, USA [45]. This is a good way to reach out users

IBA also arranges annual meetings, focus groups and of proton therapy and understand their expectations and

symposiums for RT professionals to reach out to also to initiate collaboration with various organizations to

customers. For instance, in 2018, IBA hosted and 8th develop new products that reflect emerging market

Annual Proteus® User meeting in Miami, USA that acted trends and changing user preferences.

as a platform where world’s largest proton therapy The official website of Hitachi, Ltd lists 5 social media

community with 165 participants representing 40 websites i.e., Facebook, Twitter, YouTube, LinkedIn,
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and Instagram. However, Hitachi also uses direct
marketing such as emails to communicate with its
customers. In addition to it, Hitachi uses a number of
smart technologies such as Covid-19 Smart Solutions,
loT, Big Data Analytics, Smart Public Safety and security
solutions. These smart technologies are described in
Platforms and data section in table. Hitachi also has
Apps like Microsoft Power Apps and an encouragement
to learning app [46]. Hitachi also arranges Energy
summits and CIGRE biennial session and trade fairs
[47]. However, unlike IBA, Hitachi has not offered any
Proton beam therapy related annual meeting. Hitachi
Home & Life is on Pinterest and has 145 followers.
Hitachi runs a number of blogs such as blogs run by
Vantara and Hitachi Solutions and Hitachi, Ltd [48,49].
Hitachi is present on Tumblr and Flicker [50,51] e.g.,
Hitachi trains on Flickr and Hitachi Vantara on Tumblr.
The Siemens Healthineer company website lists
symbols of 5 social media platforms i.e., YouTube,
Facebook, Instagram, LinkedIn and Twitter [52].
Siemens Healthcare and Siemens Healthineers offers
Connect Platforms (digital platform) and Customer
Services Smart Enablers such as Smart remote
services, teamplay fleet and PEP connect [53]. Siemens
Healthineers also offers healthcare executive summit;
external innovation think tank exhibition 2022 and other
events [54]. Besides being present on these 5 social
media platforms, SHL also provides E-books and Apps
such as Blood Gas App, Diabetes App and Urinalysis
App for iPhone and iPad [55]. Accuray Incorporated
website mentions 4 social media websites namely
YouTube, Facebook, Linkedin and Twitter [56].
However, Accuray is present on Instagram as well.
Accuray also runs six blogs namely Astro Blogs,
CyberKnife Blogs, Radixact, Estro, Adaptive and Al
blogs [57]. Accuray also has released an App called
Plan Touch iPad App for Accuray’s CyberKnife
Radiation Therapy System so that physicians can review
patient treatment plan data directly from their iPads [58].
Accuray has only 2 photos on Flickr. Accuray uses direct
sales staff in most of western Europe, Japan, India and
Canada [40]. In USA Accuray mainly employs direct

sales and marketing [40]. Accuray uses multiple

personnel within direct sales such as territory sales
managers, product specialists, training specialists and
marketing specialists. Varian company website allows
visitors to connect with them via Facebook, LinkedIn and
Twitter. Varian also runs blogs [59]. Varian also offers
an App called Varian UniteTM mobile app to provide
customers most up to date information about their
products, Varian sponsored events and about latest
cancer treatment techniques [60]. Another Varian app is
called Oncology iOS application Varian mobile [61]. This
app allows clinicians to manage appointments from their
mobiles. Varian also offers cloud based Noona® App for
real-time symptom reporting and management [62].
Varian is also present on Instagram [63], Flickr [64], and
Pinterest [65] and Tumblr [66, 67]. On Flickr Varian has
90 Photos. Furthermore, Varian uses CRM base
platforms to interact with its customers and third-party
developers. Besides using independent distributors and
resellers, Varian also uses direct sales to reach out to
customers [33]. Varian uses a number of Smart
technologies to connect with its customers and users of
its technologies such as users of cloud based
QumulateTM software gather and examine machine
data in RT department. The software also permits users
to compare their machine performance data and trends
with community users’ data. Varian also uses Al-driven
Ethos Adaptive technology [68].

Overall, it seems all companies are using a variety of
social media channels to communicate with its users.
However, they are not exploiting all the channels to their
full extent. IBA seems to be using 6 channels out of

14. Accuray is using in total 9 channels. Varian and
Siemens Healthineers are present on 12 channels.
Hitachi is using all 14 channels. There is limited degree
of coherence i.e., these companies are not supplying
similar sort of information about a product or innovation
through different channels. They are mostly using
companies’ websites (News and press releases) to
transmit information about a product line or service or
brand. What they can do is actively use multiple social
media channels to communicate their services to users
including active blogs, Direct marketing, meetings and

symposiums, Apps etc. On most of the social media
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channels, there presence is dormant and they are not
using the channels actively and information there is not
up to date. These companies are generally using 4 or 5
social media websites actively and this can be improved.
As far as concept of Visibility or intensity of a product or
service is concerned, there is limited impact and
responsiveness of their products and brands in online
channels and in social media communications. These
companies do appear in browser searches which shows
that they have reasonable online visibility. However,
there is not lot of information available about them and
their financial performances. Some specialized websites
such macrotrends.net or technology related online News
channels or Yahoo charts, Wall Street Market have
limited data available on these companies. lon Beam
Applications SA is particular difficult to search online on
some specialized financial websites such as
macrotrends, net. On Wall Street Journal (WSJ), IBA is
present but no financial data is available under Income
statement, Cash flows and Balance sheet. It mostly
exists on EURONEXT, Yahoo Finance, Financial Times

(FT) and Reuters.com. Financial Times does not provide

any information unless you subscribe to it as a user. It is
recommended that IBA and its competitors increase
their presence on financial and social media websites
and also provide information like number of employees
in R&D. It is also highly recommended to actively
communicate information about their company
innovations, brands and economic performance on as
many social media websites as possible. It is also highly
recommended that IBA and its competitors arrange
scientific meetings, symposia and hands on practical
experience and provide free access to these events and
courses to those researchers and qualified
physicists/medical physicist who wants to improve their
clinical and technical knowledge but do not have
financial resources or backing of an organization to
access these meetings and hand on practical sessions.
This will likely ensure that not only these talented and
qualified personnel can enhance their clinical and
technical skills but will help them to come back into
industry. This will also enhance image of the vendors
and they will also be able to use the expertise of these

gualified and talented people in research and Industry.

Table II: Assessment of Social Capabilities of IBA, HTHI, VAR, SHL and ARAY
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Platform and Data
Results are shown in Tables IlI-VIl. One point is

awarded for each platform.

Hitachi has the highest number of platforms i.e., 16. In
second position is Varian with 8 platforms. In third place
is IBA with 6 platforms. Siemens Healthineers and
Accuray has 4 platforms each. IBA’s 6 platforms include
first online and interactive Proton Therapy platform
called Campus [69,10], SAP Human Resource central
Platform, a web-based sales platform called CMMS [10],
Pone, that is accounts payable automation tool, and
Proteus® Platform [10] and LinkedIn Learning Platform
[10]. Varian offers a CRM-based digital marketplace
called Varian Marketplace for its customers where apps
designed by third party developers are shared with
Varian customers globally [70]. Other Varian Platforms
include Halcyon system [36], True beam [36] and Edge
Platform [36], cloud based OncoPeerTM platform [36]
and OncoPeer community platforms [36], 360
OncologyTM [36], Noona software [34], Adaptive
Intelligence Consortium [34] and Flash Forward
consortium [34] and Cancer treatment Services
International (CTSI) [34].

Hitachi’s 16 platforms are described in Table V. Hitachi’s
Lumada provides Industrial 10T platforms and connects
Hitachi technologies, advanced analytics and data
management abilities to ensure customers can easily
deploy and develop 10T solutions to achieve improved
business outcomes [71, 72]. Hitachi’s loT platforms were
recognized as leaders in Gartners 2021 Magic
Quadrant report [73]. Hitachi Al technologies

(H) have been applied in 57 projects in 14 areas
including warehouse, Retail and call centre. Hitachi Al
technologies resulted in 8% improvement in warehouse,
15% increase in sales in retail and 27% boost in order
rates in call centre [74]. Through its Social Innovation
business that consists of application of Al in various
sectors including Smart life sector, Hitachi is trying to
introduce society 5.0 and 4th Industrial revolution [75].
Here Hitachi is aiming to solve social and societal
problems and thereby create social, economic and
environmental value and improve quality of life of

people. The Hitachi Digital Solution for

Pharma/Biomarker Discovery helps healthcare and
pharmaceutical sector in finding data driven biomarkers
to foretell treatment efficacy with great accuracy [75].
Hitachi provides a number of Al and cloud based digital
transformation, customer service and automation
services to UK Government to ensure better delivery of
services [76]. Hitachi provides expertise and training on
how to use Microsoft Power platform to create custom
build apps to its customers so that they can digitally
transform their businesses or build apps to try
enterprise-wide developments [46]. Hitachi Groupmax
offers collaboration, workflow and system management
solutions [77, 78, 79]. Work flow solutions decrease
processing time for entire business and system
management solutions reduce work load of
management whereas collaboration solutions provide
individuals in an organization access to information
required to perform his/her duties whereas community
work places allow information sharing within the
community. Hitachi offers a number of Smart solutions
[80]. Hitachi offers Client Process Automation -JP1/CPA
that automates operations carried out on a PC [81]. In
2015, Hitachi presented Human Capital Management
Integrated platform with a wide range of information
about its human resources [24]. Hitachi Customer
Relation Management (CRM) Includes Microsoft
Dynamics 365 — A cloud-based CRM solution [82].
Hitachi has Centre for Technology Innovation (CTI)
platform [83]. Siemens Healthineer Platforms include
Teamplay Digital Health Platform [8], ARTIS Icono [8],
Life Net- an innovative online system that assists labs
enhance system utilization by providing a centralized
platform to organize system maintenance and view
service history of linked Siemens Healthineer systems
[84], and Al-driven Guardian program to forecast system
failures [85]. Accuray platforms include Radixact —
Tomotherapy Platform [41], iDMS-Data Management
System [41], CyberKnife Platform and OIS connect
option [40]. The present study has shown that a number
of Platforms are being introduced and used by all 5
companies. The study has found that these companies
are using Al and other smart technologies. Hitachi has

topped the list in terms of number of platforms as well as
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in use of Al, 10T and data analytics. Siemens uses Al
Guardian Program, Accuray uses Al and robotic based
CyberKnife technology, Varian uses Adaptive Intelligent
Consortium. Siemens Healthineers has focused on
investing in area of Al and digitalization and
consequently now have 67 Al-based products on the
market and 15 innovations in the R&D pipeline [8].

Examples include Al-Rad Companion and Syngo
Carbon products. Siemens Healthineers’” Team play
digital health platform support Al applications. The study
has found that IBA does not particularly state which Al
and Smart Technologies it is currently using or
developing. This data is therefore not easily available

and therefore difficult to obtain.

Table lll: IBA Platforms and Data

IBA: Platform and Data
IBA introduces first online and interactive Proton Therapy platform called Campus [69,10]

In 2021, IBA invested in development of an SAP Human Resource central Platform [10]

In 2020, IBA invested in development of a web-based sales platform called CMMS [10]

References

POne and accounts payable automation tool [10]

Proteus® Platform
LinkedIn learning platform

Total Platforms: 6

[10]

Table IV: Varian Platforms and Data

Varian: Platform and Data

Introduced Halcyon system

References
[36]

True Beam and edge Platforms [36]

OncoPeer TM platform and OncoPeer community are cloud-based platforms designed for clinicians | [36]

and other

professionals to share and publish knowledge base cancer treatment models.

360 Oncology TM is a care management platform designed to facilitate cancer care

Noona software acquired in 2019

Consortiums: Adaptive Intelligence Consortium and Flash Forward consortium

CSTI: Cancer treatment Services International

platform
is managed by Salesforce.com, Inc.

[34]

[34]

Varian Marketplace is developed on Customer relationship Management (CRM) platform. This CRM | [70]

Total Platforms: 8

Table V: Hitachi Platform and Data

Hitachi Platforms

References

Lumada Industrial loT Platforms Include lloT Core software, lloT Analytics and [71,72]

CerebralloT Platform
(Al solutions).

Hitachi Customer Relation Management (CRM) Includes Microsoft Dynamics [82]

365 — A cloud-based
CRM solution

Hitachi Smart Healthcare Solutions

Hitachi Al Technology that was announced in 2015
Hitachi’s Lumada Digital Innovation Platform

[80] |

83]

The Hitachi Digital Solution for Pharma/Biomarker Discovery Service —started in | |75]
Oct 2019

Cloud SaaS platform for modern digital service transformation [76]
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Intelligent Omni channel customer services, case management and digital [76]
service delivery
Hitachi uses Microsoft Power Platform - to build customized Apps.

Groupmax Workflow - to decrease processing time of an entire business [77]
process by utilizing fixed

workflows for application processes. It enhances productivity via automation of
the workflow

Groupmax Collaboration — offers virtual Work places such as private and [78]
community work places

Groupmax: System Management [79]
Client Process Automation -JP1/CPA — Automates operations carried out on a [81]
PC.

Hitachi Smart Solutions: Covid-19 Smart Solutions, IoT, Big Data Analytics, | [80]
e-commerce, radiofrequency identification (RFID) based Solutions, Intelligent
Building Management System, Robotic

Process Automation (RPA), Smart Public Safety and security solutions

In 2015 Hitachi introduced Human Capital Management Integrated platform [24]
with a wide range ofinformation about its human resources

Centre for Technology Innovation (CTI) platform [83]

HETINE
16

Table VI: Siemens Healthineers Platform and Data

Siemens Healthineers: Platform and Data References
Teamplay Digital Health Platform joins data, systems, applications, people and |[8]
institutions. It joins

over 32000 systems and provides respective health care institutions access to patient

records.

ARTIS Icono - Interventional Imaging Platform

LifeNet- an innovative online system

Al-driven Guardian program to forecast system failures

Total Platforms: 4

References

Innovation leadership leaders. Therefore, IBA gets half points for leadership

IBA offers training for its managers so that they can metrics. Having said that IBA leader — CEO Oliver

become team coaches [45]. New training modules are Legrain has made sure that IBA continues to invest in

offered to develop new coaching skills. Although IBA R&D as part of their long-term growth plan. This means

offers coaching but does not have a specific strategy to IBA will continue to come up with innovative products,

develop employees or management level staff into improve existing products and ensure better price or
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high quality to its customer. Mr Oliver Legrain said in
CEO message it wants IBA to embrace the values of
responsible corporate citizen [45]. This means
encouraging innovations that will bring more value to
customers and share-holders. The data under metrics
called Number of Innovations per year has shown that
IBA is leader in proton beam therapy sector and has
produced more innovations in 2022, 2021 and 2018
across all business segments compared to Varian,
Siemens Healthineers and Accuray. This means IBA
leaders including CEO has led the company to become
an innovative leader in the industry. Author of the
present study recommends that IBA introduces
leadership programmes among its employees as well.
Hitachi offers programmes such as mentoring, making
change happen and internal consulting via Redsky
learning to its leaders and managers [86]. Hitachi Rail
and Vantara UK also offers mentoring circles [87].
Hitachi supervisors deliver coaching and feedback to
their staff to assist them attain their targets [88].
Supervisors attain medium- and long-term development
of employees by promoting continuous performance
enhancement. Hitachi inspires employees to take
ownership of their work and self-development. Hitachi
develops employees for executive positions by providing
both on the job training that also includes stretch
assignments and off the job training that includes
external training and coaching [88]. Hitachi has a
program called “Future 50” via which they select 50
outstanding employees for management level
leadership. The development of employees in Future 50
is fast tracked by assigning tough assignments and
opportunities for direct discussion with independent
directors [88]. Hitachi has a HR strategy called Global
Human capital management strategy. As a result of this
strategy Hitachi offers a common leadership
development programme for employees around the
world. It utilizes unified performance evaluation criteria.
Therefore, Hitachi gets full points for leadership metrics.
Siemens Healthineers offer its employees 1-2-1
personalised mentoring in order to direct them towards
their goals [89]. Siemens Healthineers also provides and

encourages job shadowing to support learning and

growth of its employees [89]. Siemens Healthineers
presents its employees with Top Talents (TT) program
cultivates leadership dexterity, Entrepreneurial spirit,
long-term global networks that are sustainable and
possibility for a leadership career with international
orientation among selected ambitious employees [90]
Siemens Healthineers collaborates with Harvard
Business Publishing to promote learning through
knowledge application, presentations by organizational
thought leaders and by aligning innovative projects with
strategy and mentoring. Through Top Talents program
siemens Healthineers selects aspiring employees with
grand vision to be future leaders within the organization
[90].

Varian has a compensation and leadership development
committee [91]. Varian has a leadership development
programme that trains high potential women for more
senior leadership roles [92]. No information is available
regarding employee mentoring and coaching
programmes or about any other leadership development
programmes. Accuray Incorporated offering mentoring
opportunities by partnering with other organizations [93].
There is no further information available about
mentoring, coaching and leadership development
programmes. The present study has found a number of
leadership development activities and courses are
offered by these companies to its employees. It is
recommended that IBA, Varian and Accuray increase
and introduce mentoring, coaching job shadowing, and
leadership programmes.

Strategy, Planning and Policies
Summary of strategies and policies are shown in Table

VIl to Xll. The strategies, Planning and Policy Metrix
deals with R&D and innovation development strategies
or policies, decision making on innovation products and
development of innovation processes. Each policy
counts towards one point and there are total 10 points to
be awarded for having these policies and strategies. IBA
pursue a long-term strategy to gain its goals of
sustainable business growth and profitability [12, 94].
One of the ways to ensure profitability is to offer service
offerings. IBA has adopted a strategy to intensify its

focus on service offerings in order to increase revenue
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and gain competitive edge [95] IBA is also increasing its
customer base offerings to ensure revenue stability and
competitive edge in Proton Therapy market [95].
Examples of service offerings by IBA includes providing
upgrades to current Proton Therapy users, maintenance
services, support teams, 24/7 worldwide helpdesk
support, hubs of experts and spare parts in every area,
use of big data for predictive maintenance and dosimetry
training to its customers. These strategies seem to work
well for IBA as it has resulted in increased total revenues
generated by the company in 2019 (Eur 282.552 million)
from 2018 (Euro 257.407 million). Besides 45% of total
revenue generated in 2018 was due to service offerings.
In 2020 IBA held 42% Proton Therapy market share —
Higher than all of its competitors. Many customers while
deciding to purchase a product like to consider not only
the price of the product but also what tangible and
intangible benefits it offers. Service offerings play an
important role in marketing as it delivers value to
customers by providing intangible benefits. These
strategies also ensure that if there is decrease in product
sale then this loss may be offset by service offerings or
customer-based offerings. In case of proton therapy
which generally involves long and completed process of
fulfilling orders, service contracts can help the situation
by continuing to provide profitability. IBA wants to
achieve sustainable growth by investing in R&D [45].
This is IBA’s long term growth plan. This is a very good
strategy and will continue to ensure competitive edge
over its competitors as well as is likely to make it a
market leader in all of its business lines. This strategy is
reflected in R&D intensity that has been 11%
consistently over a period of 4 years from 2018 to 2021.
This also means that IBA has consistently invested 11%
of its revenue into R&D and IBA R&D Intensity is higher
than Varian and Siemens Healthineers but lower than
Accuray. IBA needs to increase its R&D intensity as
currently its R&D year over year growth is zero i.e., no
change in R&D intensity compared to previous year.
This will likely increase its innovative product pipeline.
IBA does not specifically and clearly provide in its
reports or press releases any capital allocation

framework. This makes it difficult to understand how the

company intends to invest its capital. It would be good if
in future reports IBA clearly states its Capital allocation
framework. Although IBA works on a number of UN
SDGs it still needs to incorporate SDGs into its strategy.
A summary of IBA strategies and policies are listed in
Table VIII.

As part of Hitachi’'s growth investment strategy, the
company intend to increase the added value of Hitachi’'s
particle beam therapy system [24]. This falls under
organic growth. Hitachi also intend to increase growth
investment by increasing inorganic growth such as by
carrying out Mergers and Acquision. Consequently from
2018 to 2021 Hitachi carried out almost 10 Mergers and
Acquisions. From FY 2021, Hitachi is investing JYP 300
bn in cancer Radiotherapy, in-vitro diagnosis,
pharmaceutical solutions, and medical data integration.
In Cancer radiotherapy Hitachi intends to innovate in
accelerator technology. Hitachi also wants to increase
open collaboration with academia and start-ups [24].
According to mid-long-term management strategy,
Hitachi uses undistributed profits in the areas of Mergers
and Acquisitions, R&D, and capital expenditure to
achieve competitiveness and to grow business [96]. A
summary of Hitachi’s strategies and policies are given in
Table.

IX. Siemens Healthineers also provide service offerings
such as equipment performance management, clinical
education, e-learning, asset management, consulting
[8]. Other service offerings are given in area of digital Al-
based products and solutions. Siemens Healthineers’
strategy to invest in acquisitions seems to have paid
well. In 2020 Siemens acquired Varian and
consequently its total revenue and EBIT adjusted
revenue has increased significantly. Siemens
Healthineers has a leadership model that associates 4
roles with the leader i.e. coach, manager, Expert and
leader [97]. A summary of its strategies and policies are
given in Table X. Varian strategy comprises of providing
novel product innovation, technological leadership,
value added manufacturing, global distribution of
products and services and complete package solution of
product and services [33]. Example of innovative

product is Varian’s Pro Beam 360 compact single room

Auj-E Tagaddas, (2023). Innovative Leadership Comparison of lon Beam Applications, SA Belgium against its competitors. Journal of Clinical Oncology Reports.

2(2). DOI: 10.58489/2836-5062/010

Page 19 of 79




Journal of Clinical Oncology Reports

accelerator [98]. Other examples of innovation are
Halcyon which is IGRT guided VMAT system, True
Beam RT system which provides HyperArc and
RapidArc with 4d CBCT and Ethos Intelligent adaptive
RT system [99, 100, 101]. This strategy enables Varian
to compete well with its competitors some of them may
have access to better financial and other resources. As
Varian provides full package solution with its product this
means that the price of its products is likely to be higher
than its competitors. This in turn means institutions and
organizations with limited budget or where decision to
purchase new technology focuses on product price may
choose products offered by Varian’s competitors.
Overall, this strategy seems to work well for Varian as it
considers itself leader in provision of medical linear
accelerators in the field of radiation oncology. Varian’s
strategy to expand into other markets seems to be
working fine and has given Varian ability to drive its
growth as well reduce its overall revenue loses. Varian
expanded its business into interventional oncology
market and ablation market by acquiring Endocare,
Alicon, Boston scientific and CyberHeart in 2019. The
decline in total revenue in 2020 compared to 2019 from
USD 3.23 bn to USD 3.17 bn mainly due to oncology
systems and proton therapy solutions was
counterbalanced by increase in revenue from
Interventional oncology. Varian recorded USD 0.03 bn
increase in revenue in Interventional oncology segment
in FY 2020 over FY 2019. Thus, Varian strategy to
expand into other markets has reflected well in its total
revenue in 2020. Varian focuses on developing new
products in all of its business lines. The strategy to
provide innovative products with superior clinical
features such as precise treatment delivery, quick
patient through put, better management of patient and
organ motion, reduced patient time on treatment table,
reduced monitor units, mobile access to patient imaging
and treatment plan data, use of Al in predicting tumour
motion and in calculating Biological effective dose or use
of data analytics, user- driven designs, introducing fast
and accurate linear accelerator
developmental/production cycles and introducing more

compact and cost effective particle therapy machines is

likely to give Varian competitive edge over its
competitors. By continue to introduce products that
reflect varying customer demands and market trends will
continue to give Varian (now part of Siemens
Healthineers) and Siemens Healthineers a competitive
edge. Provision of customer service and support to
customers in oncology system business unit provides
Varian with competitive edge over its customers.
However, after the end of warranty period, some
customers may choose to use their own in-house
engineering and maintenance staff to deal with machine
hardware and software related technical problems.
Having said that the strategy to provide customer
service and support to its customer may reduce
customers’ worries to fail to resolve a technical issue.
The customer service and support provide reassurance
to Varian’s clients that timely help is available in case of
any issue. The clients do not just need to rely upon their
own expertise. They can use expertise of Varian’s staff
to quickly and efficiently solve any technical or non-
technical issues. This sort of help is especially valuable
during early stages of a new product instalment as the
expertise to handle and run new innovation may be
limited within an organization. Table XI provides a
summary of strategies and policies of Varian Medical
Systems, Inc. Accuray like Varian also has a growth
strategy that involves increase in sales in the current
market and expand into adjacent markets. To achieve
growth, Accuray also pursue strategic partnerships and
joint ventures [40]. Accuray’s long- term priority is to
acquire and maintain long-term profitability [102]. Its
strategies and policies are listed in Table XII. This study
has found that Hitachi, Ltd and Accuray, Incorporated
provide Capital Allocation frame work but other
companies do not. It is therefore recommended to
outline a capital allocation frame work as well in their
annual reports or sustainability reports. The study has
also found that number of employees in R&D is not
always stated in company reports or websites and in
some cases this information has not been updated. The
present study also found that companies generally do
not provide innovations in pipeline and which

innovations are made in house and which in
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collaboration. It is recommended that IBA and its developing as well as which methods of planning,
competitors provide information regarding number of implementation and controlling they are using to enforce
products in pipeline, an overview of their strategies, their operational strategies.

number of smart technologies they are using and

Table VIII: IBA Strategies and policies lon Beam Applications SA

Highlights “World leader in Particle accelerator technology” [10]
In 2021 IBA held 41% proton therapy market share [10] In 2020, IBA had 42% proton therapy

market share [45]

Largest Network: 31 Proteus Plus centres and 29 Proteus One centres in the world at the end of

2020 [45] By 2020, more than100,000 patients have been treated with IBA Proton Therap
Technology [[45]

In 2016 introduced Proteus One — single room compact solution -making it easier to access,
install and financeProton beam therapy [45]. Diameter: 2.2 m.

Business ModelPurpose: [BA has 4 business segments: Proton Therapy, Dosimetry, Industrial Solutions and RadioPharma
Goals Solutions

“To protect, to improve and safe more lives everyday while creating value for all our stakeholders.”
[10, p.5].

Main goal is sustainable business development. Other objectives include: Enhance industry
expertise, intensify

expertise in innovative technologies, increase marketing activities, finance in the
development of employee competencies, meet quality indicators for product and project
deliverables, support IT education [94]

Goals for 2020: Boost stability & decrease risks via business diversification and extension
into new markets,countries and industries.

Offer high quality services & products to achieve satisfaction of existing customers & to attract
new customers

Provide support to employees by offering competitive salaries & benefit package [94]
Strategies To intensify focus on service offering [95] To increase customer-based offerings [95]

Dedication to Quality and innovation (2019 corporate brochure). [95]
“IBA’s strategy to take FLASH today from research to a clinical version of
ConformalFLASH® will take into consideration the radiobiology, clinical safety, and future

streamline workflow for FLASH”.

IBA has an innovation road map that focuses on three areas i) Motion Management, ii) Arc
therapy iii) Flashlrradiation to advance Proton Therapy.

IBA tends to advance innovations in Quality Assurance in Dosimetry business line.

Innovation Process IBA is focusing on collaboration with many leading proton therapy centres to bring out Innovations
Development & in PT. This ensured that IBA could deliver FLASH in research mode on single and multi-room

DecisionMaking Proton Therapy Platforms.
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Innovation in Dosimetry is driven by focusing on

Independence of QA solution

Merging of Machine QA and patient QA
Smart Synthesis of 4 QA pillars: i) Measurement, ii) Integration, iii) Automation iv) Prediction.

Long term priorities There are 3 core areas on which Long term strategy is focused in order to gain profitable
and sustainable development. These core areas are listed below:

Capitalize on market leading position across 4 business segments

Invest in new technologies

Make sure operational excellence across all segments
[12]

Sustainable In 2021, IBA focused on employee empowerment, education, community relations anc

Development environmental protection.

Goals In 2020 IBA remained committed quality education, decent work, economic growth,
responsible production andconsumption, peace, justice and strong institutions and other SDGs
[94]. IBA group intends to incorporate UNSDGs

in the company strategy.
Capital Allocation Investment in R&D [45]

Frame work
There is no Capital Allocation framework mentioned in any of Annual or corporate reports of IBA.
Researcher has extracted above information from company’s 2021 corporate brochure

showing various activities where IBA hasinvested its capital

Table IX: Hitachi Strategies and Policies Hitachi Ltd

Highlights Hitachi offers 3 types of particle therapy solutions namely i) Probeat — proton therapy system, i)
HyBeat — Heavy lonTherapy System, iii) Hybrid Particle therapy system.
Hitachi's Heavy ion therapy system consists of Carbon ion therapy and has most compact
world’s smallest)synchrotron accelerator (430 MeV/|)

In 2014 launched Pro Beat-RT: compact Single room Proton Therapy Solution.
Hitachi has six business segments -Smart Life, IT, Energy, Industry, Mobility, Automotive

Particle beam therapy system — world’s smallest accelerator for heavy ion beam therapy system
Business Model All in one blood analyzer

Hitachi No 1 EV component — inverter

technologies Innovation strategy consists of mid and long-term plans.
Customer co -creation

Strengthen common digital platform technologies
Product and core technologies — encourage exploratory research especially outside Japan

to solvesocietal issues

Build up ecosystem

Strategies
Customer co creation involves Open innovation and collaboration with

Start ups

Customers/partners

Academia
[83]
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Encourage open innovation using Ideathon (short intensive workshops) and hackathons [83]

Enhance customer’s innovation with the help of IT

Established Centre for Exploratory Research (CER), Centre for Technology Innovation
Platform (CTI) and Global

centre for social innovation (CSI) [83]
Established Joint research centres to encourage innovation and carry out disruptive technology
exploratory research

e.g. Hitachi and University of Tokyo lab, Hitachi and Kyoto university lab, Hitachi and university
of Cambridge lab[83]

Innovation
ProcessDevelopment &

R&D policy: Increase digital Human resource from 1226 in FY 2018 to 2000 in FY 2021 to speed
up innovation [83]

Decision Making
Increase revenue by accelerating the social innovation business

Increase Global Competitiveness

Strengthen management system to increase profitability

“to be a global Innovation Leader in Society 5.0" [83]

HR strategy: Global Human capital management strategy. As a result of this strategy Hitachi
offers a common leadership development programme for employees around the world. |

utilizes unified performance evaluation

criteria.

Diversity & Inclusion (D&l): Hitachi also promotes Diversity and Inclusion in his work force. It
is part of Hitachi'sstrategy. Hitachi also has founded Diversity & Inclusion council [24]

Medium- & long-term goals of D&l strategy: To have 10% women and non-Japanese among

top executives. To

have 30% women and non-Japanese among top executives by FY2030 [24]

Capital Allocation Framework

Hitachi has joined The Valuable 500 movement for disability inclusion.

Sustainability Strategy: Hitachi wants to ensure all of its businesses contribute specifically
towards UNSDGs 3, 6,

7,9 and 11. Hitachi encourages innovation to achieve SDGs.

“To be a global Innovation Leader in Society 5.0/SDGs Fields” [83, p. 3]

Future plan: Over next 3 years from 2022-2024 increase R&D investment to 1.5 trillion Yen and

boost R&D targeting

future growth [24]

Assign 1/3 of the capital to each of three areas: return to shareholders and repayment of loans,
growth investments

and capital investments [24]

Mid-term 2021 management plan: Ensure stable growth in dividends

Investment in Mergers and Acquision (M&A) [24]

Continue to increase operating cash flow via growth investments
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Table X: Siemens Healthineers Strategies and Policies Siemens Healthineers

Highlightindustry \World-wide provider of healthcare solution and services

Main Healthcare Industry
innovative technologies

Imaging: MRI, CT, US and molecular imaging [8]
Advanced Therapeutics: Image guided minimally invasive products: Angiography systems and

mobile C-arm [8]
Diagnostics: molecular PCR tests, antibody tests e.g. Rapid Covid-19 antigen test. [8]

Varian: Cancer care Technologies: LINACS, Proton therapy Systems and interventional oncology

(8]

“Our vision is to address some of the greatest global challenges with our innovative products
Vision and services” [32, p.

95].

IBA
Main competitors: It comprises of 4 segments:
Business model Imaging

Varian

Diagnostics

Advanced Therapies

\Varian’s goal is to increase the number of patients worldwide touched with our technology from

3 million today to 6

million by 2022 [103, p. 7]

“Joint purpose: We pioneer breakthroughs in healthcare. For everyone. Everywhere” [32, p. 7].

Goals Siemens Healthineers Strategy 2025: To safeguard competitiveness and market leadership. It
has 3 phases: Phase | is called Reinforcing and concluded at the end of FY 2019. During this
phase new products and cost cuttingmeasures were introduced [8].

Purpose Strategies Phase Il is called upgrading and was initiated in FY2020 and during this phase focus was on

increasing growth andexpanding into adjacent growth markets [8]

Phase Ill is called new ambition and it aims to achieve revenue growth of 6% - 8% per annum and

growth of adjusted

basic earnings per share of 12-15% per annum from 2023-2025.[8]
Cybersecurity strategy, governance, and assurance [8]

the Company’s innovation and digitalization strategy [8]

Intelligent Cancer care strategy involves harnessing advance technologies e.g. Al and data
analytics to enhance carcer treatment [8]

“Our research and development activities (hereinafter ‘R&D”) are aimed at providing our

customers with innovative and sustainable solutions while safeguarding and improving our

competitiveness”.

Focus is on Al, digitalization and sensing technologies.

R&D Activities
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I
Innovarion Process | The Innovation & Finance Committess s role is to debate mnovation strategy and prepare supsnisory board
Development & Dacision | regarding SHL's investment in property, plant & equipment. The commitize iz authorized to make decision regarding
Making the approval of ceriam transactions [8]

Sustainability i an important part of company's strategy [32]

Three Sustanability goals: 1) Tmorove quality of lfe through acocess to healthcare and innovation”, i) Conribuiz to
a regeneratve and healtty environment”, i) "Advance dwversity and inclusion and drve emploves engagement” [32.
p. 28]
Long term prioritias "Hesponsibly grow long term business value™ [32. p. 118]
Capital allocation frame work | There is no Capital Allocabon framewark mentioned in any of Siemens Healfusesns, Annual reports. Author has
extracted following information from company's annual reports showing vanous activibes where Semens
Healthineers has invested ifs capital.

+  Tofnance aoquisibons

*  |nwesting in technologies of fomomow such s smart technologiss (AL-Rad comparion Chest CT [29).

SHL has grester than 40 Al- powered products and applications on the market [23]

»  |nvesting in lzunching new product lines

+  Bxpansions of Production faclites

»  Toincrease competibveness and innovation ability [25]

Social values N Focus s on S core Sliss

S0G J Good health and welFbeing. “Ensure healthy lives and promote well-being for all at all ages" Bamples: by
creating innovative products and solution.

SDG 5 Gender Equality - “Achieve gender equality and empower all women and girls.” Eamples: Advance diversity
and inclusion and dnive employes engagement.

Susrainability policies

SDG 12: Responsible consumption and production- Ensure sustainable consumption and producton patiems”.
Examples; responsible sourcing of rew matenals, and recycling our producis.

Siemens Healthinesrs alzo contnibute towards 6 other SDGs:

SDGE: Decent work and economic growth

S0G 3 Industry, innovalion and infrastruciure

SDG 10: reduced inequalities

S0G 13: Climate action

S0G 16: Peace, pstice and strong mattutions.

SDG 17: Parinerships for the goals. Example: support 3 ghobal collaboration network with greater than 2400 waih
prominent clinical and academic associates.

Leadership model

Table XI: Varian Strategies and Policies Varian Medical Systems, Inc.

Varian Highlight Leader in External Beam Radiation therapy for years and has highest market share worldwide

Years of Innovation: 72 [91]

Leading providers of Medical Linear Accelerators
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Industry
Varian main innovative

technologies

Vision
Mission
Main competitors:

Business Model

Goal

Strategies

R&D Activities

Innovation Process
Development & Decision

Making

Long term priorities
Capital Allocation Frame work

Social Values and

sustainability policies

8000 medical linear accelergtos istalledT/vorIdwide [68] -

Radiation oncology, Radiotherapy, Particle Beam Industry.

Varian Accelerator Pro-Beam 360° Compact single room Proton beam therapy Solution (3.1 m Diameter) [98].
Introduced in 2017 Halcyon treatment system (IGRT guided VMAT) - comes pre-commissioned and can fit in a vault
59mx55mx2.7m[99]

In 2010 launched True Beam® Radiotherapy system that provides HyperArc and RapidArc with 4D CBCT [[100]

In 2019 introduced Ethos Therapy - an adaptive Intelligence Solution - Al driven holistic technology [101]

“Our vision is world without fear of cancer” [33, p.95]

“Our mission is to combine the ingenuity of people with the power of data and technology to achieve new victories
against cancer” [33, p.95].

In RT and Radiosurgery market: Accuray and others. In Proton Therapy market: IBA, Hitachi and others.

In 2019 had 2 reportable operating segments: Oncology Systems and Proton Solutions. Interventional Solutions fall

under the category of Others [34].

“To transform the company from the global leader in radiation therapy to the global leader in multi-disciplinary,
integrated cancer care solutions that leverage its strengths, technology, innovation and clinical experience” [34, p.76]

“First and foremost, our goal is to improve patient quality of life and treatment outcomes.” [34, p.3].
To drive growth

Innovation in radiation therapy

Build Artificial Intelligence, Machine learning and cloud-based solutions to optimize treatment pathway for patients -

Intelligent Cancer Care framework

Growing emerging Industries and technologies

Enhancing operational, financial and capital efficiency

Acquisition strategy: to enter into other addressable markets to reach more patients and accelerate the company

growth. Example Varian made 10 acquisitions in 2018 and 2019 [34]
Create new business models [34]
Diversity, Inclusion and Belonging strategy and initiative [68]

Focus in on fast tracking treatment delivery, machine-leamning based treatment planning, integrating patient set-up,
cutting-edge in-room imaging, motion management, remote service capabilities and decreasing the size and cost of
proton therapy system.

Sound collaboration with Healthcare authorities & Healthcare providers to enhance care for patients world-wide.
Investing in Innovation: According to Sustainability report 2020, Varian Invested $1.5 billion in inorganic and organic
Investment over 4-year period [91]

Long-term growth and value creation strategy [34]

Commitment to investing in innovation [34]

Investing in cloud, Al and machine learing and technology enabled services [34]

Continue to invest in future growth [34]

Since 2010 Varian has achieved 23% reduction in greenhouse gases / carbon foot print and in hazardous waste

production per dollar sale [68]. It also achieved 53% drop in natural gas use/dollar sales
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Table XlI: Accuray Strategies and Policies Accuray Incorporated

Accuray Highlights Accuray Is a radiation therapy company with expertise in Tomotherapy and stereotactic

Robotic radiosurgery and

body radiotherapy.[40]

Indu stry Medical Device Industry and non-invasive cancer treatment field [40].
CyberKnife® and Tomotherapy® platforms - to provide SRS, SBRT, IGRT, IMRT and adaptive RT.

Vision

- ) “Our vision is to expand the curative power of radiation therapy to improve as many lives as possible.” [40, p. 7]
Main Competitors

Varian Medical Systems, Inc.[40]. Varian Edge system presents competition to Accuray as it is specially designed to
Business Model give Radiosurgery treatment. Similarly, Varian's Halcyon which can compete with Tomotherapy product lines [41]

Accuray has one operating and reporting segment called Oncology Systems Group - which develops, builds and

markets commercial medical devices used in radiation therapy for the treatment of cancer patients [40]. Accuray

Goal does not evaluate the performance of its individual product lines on basis of profit or loss, or asset-based metrics. It
Strategies only displays information based on geographical areas.
“Our goal is to develop equipment and technology that enable physicians to deliver precise, customized, leading-
edge treatments that help patients with cancerous or benign tumours, or neurologic disorders, get back to living their
lives, faster.” [40, p. 7]
Continue to innovate via clinical development and collaboration with clinicians, researchers and patients. [40]
Increase clinical options for healthcare providers [40]
Expand into new and rising markets [40]
Expand manufacturing capabilities [40]
Extend sales, distribution and marketing capabilities [40]
Increase international revenue by utilizing direct sales in targeted areas and increase the number of distributors by

introducing joint ventures where it is necessary [40]

Increase adoption of our technologies by physicians and make them aware of advantages of our technologies over
conventional treatments [40]. This is achieved by organizing and sponsoring symposia and educational meetings, by
encouraging clinical studies to show clinical benefits of Array systems and by extending the social and digital

presence of Accuray to reach and educate a wider audience of Healthcare professionals and patients.

Continue to widen the radiosurgery market [40]

Accuray promotes in developing joint ventures to support their growth strategy, to widen their technologies and
intellectual property, to improve sales in current markets and expand into growing markets [40]. Examples in 2016

o created strategic partnership with RaySearch Laboratories AB. In 2017 made an agreement with Photo Diagnostic
R&D Activities

systems. In 2019 Accuray Asia limited signed a contract with CNNC high energy equipment (Tianjin) Co., Ltd.
Innovation Process Acquire and maintain long-term profitability. Strategy to speed up long-term growth trajectory by focusing on R&D

Devel opment & Decision investment to steer innovation pipeline, resetting cost structure to improve operating leverage, driving additional

growth from China, enlarge addressable markets, consistent pace of novel products and partnerships [102]

Making

R&D activities include conducting projects that grow clinical applications, propelling product differentiation, and
Capital Allocation Frame work continually enhancing the usableness, interoperability, dependability, and performance of our products.

Developing new technologies and advancing areas of existing core technology. The modular design of Accuray

systems supports fast development for new clinical capabilities and performance enhancements by generally

permitting each subsystem to evolve within the overall platform design. Collaboration with research programs at

chosen hospitals, cancer treatment centres, academic organizations and research institutions globally. Accuray

actively look for and rely on constructive feedback from system users to learn what is needed to improve the

technology.

Investment in long-term growth initiatives [41]. Capital allocation in Joint ventures in emerging markets. Example:

Accuray concluded capital contributions towards Joint venture in China [40, 41]. In 2020 had cash and cash
equivalent of $107.6 million [41].

Accuray focuses on 5 pillars that are in line with UN 20230 Sustainable development Goals: i) Increasing access to
healthcare, ii) Building strong communities, iii) Building a culture of inclusion & diversity, iv) Improving environmental

sustainability and v) gaining trust via accountability [93]
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1. Innovation Activity
A number of metrics are discussed under Innovation

Activity. These metrics include R&D expenses, R&D
intensity, R&D Intensity Year-Over-Year Growth
(additional metrics), R&D expenses Year-Over- Year
Growth (Additional metric), Employees in R&D, Total
number of Employees (additional metric), Number of
innovations introduced per year, Ratios between the
number of Innovations made in-house and number of
innovations made in collaboration, Registered
Trademarks and patents and Training and Educational
improvements. IBA data was obtained from [9-22].
Hitachi Data was obtained from [24, 25, 104]. Siemens

Healthineers data was obtained from ([8, 28, 29, 30, 31,
32]. Varian data was obtained from [ 33, 34, 35, 36, 37,

38] Accuray data was obtained from [39-44].

R &D Expenses and Y-O-Y Growth

Results are shown in Fig.14 — 20.

IBA: R&D Expenses

IBA increased R&D investment by 2.5% (rounded to 3%)

in 2021 compared to previous year. This means IBA had
$0.038 bn invested in R&D in 2021. In 2020 IBA
increased R&D investment by 6% compared to 2019
(R&D investment in 2020= $0.4 bn, R& D investment in
2019=$0.035 bn). In 2019, IBA had 11% increase in
R&D investment compared to 2018 (R&D investment in
2018 = $0.032bn). However, 2018 was a difficult year for
IBA and IBA R&D investment decreased by 25%
compared to 2017. In 2017 R&D investment increased
by 15% (R&D investment in 2017 =$0.044bn). Please
note that due to lower Eur to USD exchange rate in
2021, R&D expenses when converted to USD appear
less than previous year as shown in Fig.16. On average
IBA invested $0.04 bn per year from 2021 to 2017. IBA’s
median R&D Investment was $0.04 bn. The maximum
and minimum R&D investment was $0.04bn and $0.032
bn from 2021 to 2017.

Hitachi: R&D Expenses
In 2021, Hitachi increased R&D investment by 8%

compared to previous year. In 2020 there was no
change in R&D investment compared to previous year.
In 2019 and 2018 Hitachi saw a decrease in R&D
Investment of 9 and 3%. In 2017 Hitachi increased R&D

investment of 3% compared to previous year. On
average Hitachi invested $ 2.85 bn in R&D investment
from 2021 — 2017. The median, maximum and minimum
R&D Investment was $2.85 bn, $3.13 bn and $2.64 bn
respectively. In USD Hitachi invested $2.85 bn (JPY

317.3 bn), $2.64 bn (JPY 293.5 bn), $2.73 bn (IPY
293.7 bn), $2.91 bn (JPY 323.1 bn), $3.13 bn (JPY
332.9 bn) and $2.96 bn (JPY 323.9 bn) in FY 2021,

2020, 2019, 2018, 2017 and 2016.

Varian: R&D Expenses Varian has shown consistently
increase in R&D expenses from 2017 to 2020 before its
acquisition by Siemens Healthineers. In 2020, Varian
R&D investment increased by 13% compared to 2019.
In 2019 R& D investment increased by 6% compared to
previous year. In 2018, the R&D investment increased
by 11% and in 2017 the R& D investment increased by
5% compared to previous year. No R&D Investment
data for only Varian is available after acquisition by
Siemens Healthineers. Therefore, the researcher of the
present study used R&D investment of Siemens
Healthineers in 2021 which was $1.79 bn and compared
it with Varian’s 2020 R&D investment. This gave rise to
537% rise in R&D investment from previous year as
shown in Fig. 20. On average Varian invested

$0.19 bn from 2020-2017. The median, maximum and
minimum R&D investment done by Varian $0.23 bn,
$0.28 bn and $0.21 bn respectively. These values cover
4-year period. Varian data does not include 2021 R&D
expenses due to merger with SHL.

Siemens Healthineers: R&D Expenses
Siemens Healthineers increased R&D investment by

15% in 2021 compared to previous year. In 2020, R&D
investment increased by 1%, in 2019, it increased by
4%, in 2018, it increased 2% and in 2017, it increased
by 9%. Both Varian and Siemens Healthineers did not
experience any decline in R&D investment compared to
previous years over a period of 5 years. However, IBA,
Accuray and Hitachi suffered at least once decline in
R&D investment over the same 5-year period. SHL has
second highest mean and median R&D expenses of
$1.56 bn and $ 1.61 after Hitachi over a period of 5
years. Maximum R&D investment done by SHL were
$1.79 bn and minimum R&D investment $ 1.45 bn.
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Accuray: R&D Expenses In 2021 Accuray R&D
expenses grew by 6% or $0.0029 bn ($2.9 million) over
2020. In 2020 R&D expenses decreased by 12% or
$0.0067 bn ($6.7 million) compared to 2019 mainly
because of suspension of bonuses and lower
compensation to employees. Other reasons for reduced
R&D expenses were consequences of covid-19
pandemic i.e., reduced outsourcing expenses and lower
travel costs because of covid-19 pandemic [41]. In 2019
R&D expenses decreased by 1% where as in 2018 it

grew by 14%. In 2017, R&D expenses declined by 12%

SHL/VAR R&D Expenses in USD bn
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compared to previous year. On average Accuray
invested $0.05 bn in R&D over a period of 5 years from
2021- 2017. The median R&D investment was also

$0.05 bn. The maximum Accuray invested in R&D was
$0.057 bn. The minimum R&D investment made by

Accuray was $0.049 bn (rounded to $ 0.05 bn). Overall,
in terms of R&D investment Hitachi made highest
investment consistently in R&D followed by Siemens

Healthineers, Varian, Accuray and Ilon Beam

Applications, SA.
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Note: IBA R&D expenses in 2021 appear lower than in 2020 due to lower Eur to USD exchange rate.
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Comparison of R&D Expenses in USD bn

R&D Expensas 2017 F
R&D Expanses 2018 F
R80 Expanszes 2018 F
s = |

R&D Expansss 2020 F
R&D Expanass 2021 F

0 04 ng 12 18 2 24 28 32
R&D Expenses 2021 R&D Expenses 2020 R&D Expenses 2019 R&D Expenses 2013 R&D Expenses 2017
HTHI 285 264 273 291 313
= SHL 179 157 145 149 148
m VAR 0 0.281 0.248 0234 0.21
m ARAY 0.0527 0.0498 0.056 0.057 0.0499
u IBA 0.038 0.04 0.035 0.0321 0.044

Note: Varian R&D expenses m 2021 are shown as zero. This is because Varian was acquired by Siemens Healthineer in 2021. Besides no separste RED budpst for
Varan has been stated in any annual reports after marger. Hitachi FY 2021 R8D expenses FY2021 were acquired from statista.com. Hitachi data is shown for relevant
Fiscal Years. All conversions to LUSD were done by the author For Hitack: Lid exchange rates on 31% March 2021, 2020, 2018, 2013, 2017, 2016 and 2015 were used.
For lon Beam Applications. SA excharge rates on 317 December of each year were used. For Siemens Heathineers. exchange rates on 30" September of each year

viens used.
Fig. 16 Comparison of R&D Expenses of all companies
Mean, Median, Maximum and Minimum R&D Expenses in USD bn from 2021 - 2017
4
S 343
285 285
- =
264
mBA
3
2 24 ® ARAY
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16 = 1.45 = SHLVAR
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0.8
0.28
021 21
0.040.057 0.032 005
0
Mean R&D Expenses IMedian R&D Expenses Maximum R&D Expenses Minimum R&D Expenses

Note: Values rounded to two decimal places. Varian Values do not include R&D expenses in 2021 due to merger with Siemens Hesithinzers. However if we consider
SHL R&D Exoenses of USD 179 bn in 2021 then SHLIVAR avsrace R&D will be USD .55 bn & median will be USD .25 bn

Fig. 17 Mean, Median, Maximum & Minimum R&D Expenses
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Fig. 18 Change in R&D Expenses
Comparison of R&D Expenses Y-O-Y Growth
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Note: Values rounded to nearest whole number.
Fig. 19. Comparison of change in R&D Expenses for IBA, HTHI, SHL and ARAY
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Comparison of R&D Expenses Y-O-Y Growth between Siemens Healthineers and
Varian

800
§ 400
3
-
5
200
A A A— 4
R&D Expenses R&D Expenses R&D Expenses R&D Expenses  R&D Expenses
Y-O0-YGrowth  Y-O-YGrowth Y-O-YGrowth  Y-O0-YGrowth Y-0-Y Growth
202 2020 2019 2018 2017
= SHL/VAR 538 13 6 1 5

Nota: The 533% growth valie m 2021 was obfained by comparing SHL 2021 R&D expense of USD 4.79 br to Varan's RED
experses in 2020 (USD 0.289 ta). Before SHL acouired Varian the RED expenses were very low (below USD 0.3 bn). However
afier Acquision the fotal R&D budget shot up to USD 1.79 b giving rise to 3 high Y-0-Y growth

Fig. 20 Comparison of Change in R&D Expenses for VAR & SHL

4.3.2. R&D Intensity: It is the ratio of R&D expenses
to revenue. Results are shown in Fig. 21 — 23. R&D
Intensity results include data from 2017 to 2021.
Accuray has shown consistently higher R&D intensity
compared to Hitachi, SHL, VAR and IBA. The lowest
R&D values are shown by Hitachi. In the second place
is IBA whereas in third place is Siemens Healthineers.
In the fourth place is Varian followed by Hitachi. Accuray
invested 13% of total revenue in 2021, 2020 and 2019
and 2017. It invested 14% in 2018. IBA invested 11%, of

total revenue in 2021, 2020, 2019, 2018 and 13% in
2017. The R&D intensity for Siemens Healthineers was
9% in 2021, 2020, 2019 and 2017. The R&D intensity for
Siemens Healthineers was 10% in 2018 where as it was
8% in 2016 and 2015. Varian R&D Intensity was 9% in

2020, 8% in 2019, 8% in 2018, 8% in 2017 and 8% in
2016.
Hitachi R&D Intensity in FY 2021 was 3.3. The R&D

Intensity was 3.3, 3.4, 3.4, 3.4, 3.6 and 3.5 In FY 2020,
FY 2019, FY 2018, FY 2017 and FY 2016.
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Fig. 21 R&D Intensities for IBA, VAR, SHL & ARAY

Hitachi R&D intensity (%), R&D Intensity Y-O-Y Growth (%) and R&D Expenses Y-O-Y Growth (%)
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Note: R&D Intensity Y-C-Y Growth for FY2020 and 2019 is zero — that is no difference in growth from previous years.
Fig. 22 Hitachi R&D Intensities, Change in Intensities & Change in R&D Expenses
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Comparison of R&D Intensities
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Note: Values rounded to nearest whole number. Vanan 2021 R&D intensity is shown as 22w as Vadan mergad with Siemens Healthinesrs,

Fig. 23 Comparison of R&D Intensities between IBA, HTHI, VAR, SHL & ARAY

R&D Intensity one-year Growth
Results are depicted in Fig. 24. IBA, Siemens

Healthineers and Accuray had no change in R&D
intensity in 2021 and 2020 compared to previous year.
There was no change in R&D Intensity for IBA in 2019
compared to previous year. In 2018 R&D intensity
declined 15% compared to previous (2017: 30). In 2019
Siemens Healthineers R&D intensity decreased by 10%
compared to previous years (2018: 11). In 2017,
Siemens Healthineers R&D Intensity increased to 13%
compared to previous year. There was an increase in
Varian R&D Intensity of 12.5% in 2020 from previous
year. There was no change in R&D intensity in 2019-
2016 from previous years. Accuray R&D Intensity
decreased by 7% in 2019 from previous year (2018: 8).
In 2017 Accuray R&D Intensity decreased again by 7%

compared to previous years. In case of Hitachi R&D
intensity declined 3% in FY 2021 compared to previous
year (2020: 0). In FY 2019 there was no change in R&D
intensity compared to previous year. In FY 2018, the
R&D intensity declined to 6% compared to 2017 (FY
2017: 3). In FY 2016 Hitachi R&D Intensity increased

6%.
Overall, it looks Varian is the only company that did not

have a negative R&D intensity Y-O-Y growth from
previous year in any year from 2020-2016. IBA had a
negative R&D intensity Y-O-Y Growth in 2018, Siemens
Healthineers had a negative R&D intensity Y-O-Y
Growth in 2019 and Accuray had negative R&D intensity
Y-O-Y Growth in 2019 and 2017. IBA is the only
company that had highest increase in R&D intensity Y-
O-Y growth. It was 30% increase in 2017.
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Fig. 24 Change in R&D Intensity

Employees in R&D and Total number of employees:
Results are shown in Table XllI — XIV. Siemens
Healthineers clearly has stated in its annual reports [8,
28, 29] total number of Employees in R&D. However
other 4 companies have mostly failed to state number of
employees in R&D. From the data available it seems
Siemens Healthineer has highest number of employees
in R&D i.e., over 10,000 in 2021, about 10,000 in 2020
and about 9000 in 2019. This translates very well in
production of huge number of Al based applications and
products. Hitachi has second highest number of R&D
staff at the end of FY 2019 i.e., 2650. This may be the
reason Hitachi has managed to produce highest number

of innovations per year. IBA had 200 Engineers and

experts in R&D in 2019. IBA R&D staff has managed to
produce about 33 innovations from 2022 to 2018 which
is very good performance. No data is available regarding
Accuray R&D staff. As far as total number of employees
are concerned it seems Hitachi has the highest number
of Employees i.e., 350864. Siemens Healthineers have
51,000 total number of employees in 2021. Varian is in
third place with total number of employees 10,060 in
2020 and 10,000 in 2019. IBA is in fourth place with
1618,1528 and 1466 total employees in 2021, 2020 and
2019. Accuray has lowest number of total employees
i.e., 995, 932 and 947 in 2021, 2020 and 2019

respectively.

Table XllI: Number of Employees in R&D

2021

Employees in

R&D

IBA

ARAY
VAR
SHL
HTHI

Over 10,000 [8]

2020 2019

200 Engineers in R&D 200 Engineers & Experts
[105] [18]

About 10,000 [28]
2650 [24]

About 9000 [34]

2019

Note: - - m=ans data ot avsilable. Hitacki mumber of employess are consolidated aumber of employees. Hitachi R&D number of employses is at the end of FY
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Table XIV: Total Number of Employees

Employees in 2021 2020 2019
R&D
IBA 1618 [10] 1528 [45] 1466 [10]
ARAY 995- As of June 2021.932 — As of June 30,947 — As of June
there were 995 FT2020’ 2019,
_ Accuray reported 932
employees in tota , Accuray reported 947
dwid employees in total
worldwide [40 i
[40] worldwide employees in total
worldwide
[41]
[42].
VAR 10,060 [91] 10,000 [68]
SHL 51000 [8] 54300 [28] 52,000 [28]
HTHI 350864 [24] 301056 [24]

Heslthinsers and Varian foial employee number reachas 51000

Note: Vanan was acquired by Siemens Healthmeers in 2020 and therefors no employee figures for only Vanar is available The Combined Siemens

Training and Educational Improvements
Education has moderate importance for IBA

management and Leadership as shown by its Materiality
Matrix [19]. IBA provides its employees training on
radiation safety [19]. IBA also offers training on
corporate ethics, human rights and policies to its
employees [19]. IBA also offers wellness activities via its
IBA Wellness Portal. The wellness activities offered by
IBA includes walking, running, online training, exercise,
nutrition tracking, health coaching tools, social features,
wellness blogs, company announcements and other
activities [45]. IBA also provides Employee Assistance
program which includes practical information and
counselling. In Dec 2021 IBA introduced INDux, a new
training center designed to optimize customer and
employee performance by maximizing talent, sharing
knowledge and experiences [106]. IBA offers its
employees technical training which is IBA job specific
and individual skills deployment training which is IBA
people specific training. IBA also offers young people
education through various university programmes. IBA
offers Civil biomedical diploma via Ecole Polytechnique
de Louvain and Université Catholique de Louvain [107].
IBA uses HR management Tool called Talent
Constructor for employee development. With the help of

this tool each employee can chart an individual

development path and follow it under supervision of a
project manager or division director [94] In 2020 IBA
trained 1240 employees. The types of training offered by
IBA were 734 professional development, 114
certification and 392 foreign language courses in 2020
[94]. Hitachi on average invested JPY 66,900 bn in
education/employee in FY 2020 [24]. Hitachi provides a
common leadership development programme for its
employees worldwide [24]. In order to place more female
employees in leadership role, Hitachi set a target of 10%
for the ratio of both women and non-Japanese among
top executives and appointed 800 women in
management roles [24]. To easily locate candidates for
future leadership and management positions, Hitachi
launched the human capital management integrated
platform in 2015 where skills and career ambitions of
employees are available [24]. Besides other activities,
Hitachi nominating committee also opens discussions
and individual interviews for developing candidates for
future leadership and management positions. Hitachi
has created Future 50 Group and members of this group
receive one to one mentoring opportunities with
independent directors to develop next generation ready
to take over important positions [24]. Siemens
Healthineers offer People and Leadership practices

(PLP). Through PLP, employees are given opportunity
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to shape their own development and they can apply for
any development programmes such as Siemens
Healthineers Top Talent Program [90]. Varian offers
safety training videos for manufacturing and field
employees in local languages (Varian sustainability
report 2019). Varian also offers product-specific electric
courses field service engineers [68]. Varian offers
internships to undergraduate and graduate students
(Varian, university recruiting, 2022). Varian also offers
its employees education and referral services and
professional counselling via Employee Assistance
Program [91]. Varian also encourages its employees to
volunteer to increase awareness. Varian also provides
its employees EHS courses such as Injury and lliness
Prevention Program. Varian also provides Equipment
specific lockout practices [91]. Not much information is
available about employee training and courses in Varian
reports and website. Accuray offers mentoring
opportunities for example by partnering with healthcare
business women Association [93]. Not much information

is available on specific types of Employee training

offered by Accuray.

Registered Trademarks and Patents

Results are shown in Tables XV -XIX.

All five companies have patents. Accuray Incorporated

depends not only on patents but also on trade secrets,
copyrights, trademark laws, non-disclosure agreements,
contractual provisions and technical security measures
[40]. Accuray reported in total 642 patents and patent
applications in 2021. IBA reported more than 500
patents in 2019. No data for 2020 and 2021 available for
IBA. Hitachi has over 2000 Patent cooperation Treaty
(PCT) applications and over 600 solution inventions in
2021 [108]. Hitachi Metals reported over 600 patents in
2019 [109]. In 2020 Varian reported 1130 granted
patents and patent applications where as in 2019 Varian
disclosed 1055 patents and patent applications.
Siemens  Healthineers reported 23000 patent
application and over 14,000 granted patents in 2021.
Hitachi and Siemens Healthineers seem to have highest

number of patents in the light of available data.

Table XV: IBA: Granted Patents & Patent Applications

Patents/patent

Applications/Utility

models
IBA 2019

Granted Patents

Reference

Table XVI: Hitachi: Granted Patents & Patent Applications

Patents

Hitachi including Hitachi
ABB,

power Grids, Hitachi Astermo

Hitachi Metals

[109]

Hitachi ABB Power Grids in
2021

Hitachi Astermo in 2021

Electric power in 2021 3114802

PCT applications

More than 600 patents in 2019

Solution Inventions
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Table XVII: Accuray: Granted Patents & Patent Applications

Patents/Patent Granted Patents Références

Applications/Utility

model =

ARAY 2021
ARAY 2020
ARAY 2019 29 U.S. & foreign patent applications 472 U.S. & foreign patents [41]

Patents/patent Granted Patents Reference

Applications/Utility models

VAR2020

VAR 2019 478 patent applications on file 577 patents granted in USA  [34]
AND
447 patents issued in the
rest ofthe world

VAR 2018

Table XIX: Siemens Healthineers: Granted Patents & Patent Applications

Patents/patent Granted Patents Reference

Applications/Utilitymodels

SHL 2021

SHL 2020 above 13500 [28]

SHL 2019
Ratio between in house innovations and innovations 163]. Hitachi has highest number of Innovations made
made in collaboration in-house as well as Innovations made in collaboration.
Results are depicted in Fig. 25 - 27. Innovations are Hitachi’s data is shown separately in Fig. 25. This could
shown in Appendices B, C, D, E and F. be due to the fact that Hitachi is much larger
IBA data was collected from [11, 69, 18, 19, 110-133]. organization compared to other 4 companies as shown
Hitachi data was obtained from [134]. Varian data for by its market capital and have many businesses from
2021 was obtained from [ 34, 35, 68, 135-143]. Siemens proton therapy to Rails, EV cars, Trains, Roads/logistics
Healthineers data was acquired from [8, 29, 30, 144- and many more. This could also be due to the fact that
155]. Accuray data for 2022 was obtained from [156- Hitachi has the highest mean value for R&D expenses
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over a period of 5 years from 2021 — to- 2017 compared
to other 4 companies in this study. In Total Hitachi had
135 innovations from 2021 to 2019 (3-year data). Out of
135 innovations, 56 innovations were in house and 79
were in collaboration. Following formula is used to find
ratios between In-house and in collaboration
Innovations.

Total number of innovations = number of innovations in
house + number of innovations in collaboration
Example

By Substituting the values in the above equation, we get:
51=24+27

number of innovations in house: number of innovations
in collaboration

24: 27 = 24/27 = 8:9
This means the ratio of Hitachi Innovations made in

house: made in Collaboration is 8:9 in its simplest form
in 2021. Ratio of Hitachi Innovations in 2020 is 15:19 =
15/19. Ratio of Hitachi Innovations in 2019 is 17: 33 =
17/33.

Same method is applied to calculate the ratios for other
4 companies. See Fig 27. IBA produced more innovation
in 2022, 2021 and 2018 compared to Varian, Siemens
Healthineers and Accuray. The ratio between in-house
and in collaboration innovations for IBA in 2022, 2021,
2020, 2019 and 2018 were 3:5,

3:7, 0:1, 3:1 and 3:2 respectively. In Total IBA had 33
innovations in 5 years. Out of 33 innovations, 15 were in
house and 18 were in collaboration giving rise to a ratio
of 15 innovations /18 innovations = 0.83.

Accuray performed better than its competitors in 2020

despite Covid-19 pandemic affecting businesses. The
ratio between in-house and in collaboration innovations
for Accuray in 2022, 2021, 2020, 2019 and 2018 were
0:3,1:1, 2:1, 1:2, and 2:0 respectively. From 2022-2018,
Accuray had in Total 15 Innovations. Out of 15 seven
were in-house innovations and 8 were in collaboration.
This gives us an overall ratio of 0.87. It seems that for
Accuray the ability to produce in house and in
collaboration innovations are almost equal. Varian and
Siemens Healthineers had highest number of
innovations in 2019 but in opposite order with Varian
producing more innovations in collaboration and
Siemens Healthineers producing more innovations in-
house. The ratio between in-house and in collaboration
innovations for Varian in 2022, 2021, 2020, 2019 and
2018 were 0:0, 0:4, 0:0, 1:7 and 1:5 respectively. Overall
Varian produced 18 innovations in 5 years. Out of 18
innovations, two were in-house innovations and 16 were
in collaboration giving rise to an overall ratio of 0.125. It
seems Varian’s strength lies in collaborating with other
companies.

The ratio between in-house and in collaboration
innovations for Siemens Healthineers in 2022, 2021,
2020, 2019 and 2018 were 2:1, 3:0, 1:0, 7:0 and 3:0
respectively. In total SHL had 17 innovations from 2022-
2018. Out of 17 innovations 16 were in house
innovations. This is the highest in-house innovations
compared to other 4 companies. It seems SHL had more
capacity to innovative in house. Siemens Healthineers
has in-house innovations/ in collaboration innovations =

0.9 which is nearly one.

Auj-E Tagaddas, (2023). Innovative Leadership Comparison of lon Beam Applications, SA Belgium against its competitors. Journal of Clinical Oncology Reports.

2(2). DOI: 10.58489/2836-5062/010

Page 39 of 79




Journal of Clinical Oncology Reports
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In-house : In Collaboration Innovations

2021

2020

Fig. 27 Ratios of Innovations

Number of Innovations per year
Results are shown in Fig. 28. Hitachi has consistently

shown highest number of innovations per year including
in 2020 during Covid-19 pandemic. IBA produced 10
innovations in 2021 putting it in second place after
Hitachi. Siemens Healthineers produced 5 innovations
in 2021 attaining third place while Varian was in fourth
place as it produced 4 innovations in 2021. Accuray
presented 3 innovations in 2021. Besides Hitachi,
Accuray launched more innovations in 2020 compared

to IBA (1 innovation), Varian (0 innovation) and Siemens

Healthineers (1 innovation) during Covid-19 period. This
shows that Hitachi and Accuray are very resilient and
flexible organizations and managed to cope with
COVID-19 side effects very well. After having not, a fine
year in terms of innovations, IBA managed to bounce
back with force in 2021 and this shows IBA’s ability to
continue to keep generating great innovations and ability
to invest in R&D. Number of innovations produced in
2019 were 4, 50, 8, 3 and 8 by IBA, Hitachi, Varian,

Accuray and Siemens Healthineers respectively.

Comparison of Number of Innovations / Year

100

80
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£
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=
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|BA innovations Hitachi Innovations
~-2021 10 51
-—2020 1 k7
2018 4 50

Varian Innovations

Accuray Innovations 2 e ——

innovations
4 4 3
0 3 1
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Fig. 28 Number of Innovations Per Year
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2. Radiation Oncology Market Overview Results
are shown in Fig. 29-30. Global Radiationoncology
market size was $6.8 in 2020 and wasexpected to
show a compound annual growth rate of7.0% [164].
The author of the current paper calculatedthe
expected Global radiation oncology market size in
2021, 2022, 2023 and 2028 using 7.0% annual growth
rate. The author also calculated percentage
contributions made by IBA, VAR and ARAY towards a
$7.2 bn and $6.8bn global radiation oncology market in
2021 and 2020. lon Beam Applications, Varian Medical
systems, Inc and Accuray, Incorporated contributed
4.9%, 20.9% and 5.5% respectively towards global
Radiation oncology market size ($7.2 bn) in 2021. In
2020, lon Beam Applications, Varian Medical systems,
Inc and Accuray, Incorporated contributed 5.6%, 46.6%
and 5.6% respectively towards global Radiation
oncology market size ($6.8bn). It is clear that Varian

Medical systems, Inc contributed highest revenues

towards global radiation oncology market. Siemens
Healthineers contributions are not shown here as
radiation oncology segment of Siemens Healthineers
primarily is composed of Varian. (More over the
combined Varian and imaging segments of siemens
Healthineers contributed $12.88bn which is way over
global radiation oncology market size in 2021). Revenue
data was obtained from IBA Full year 2021 Results
Presentation [9], IBA Annual report 2021 [10], IBA
Reports Full Year 2021 Results [11]., IBA Reports Full
Year 2020 Results [12], IBA Annual report 2020 [High
definition] [17], Hitachi, Ltd. Hitachi Integrated Report
2021 [24], Hitachi, Ltd. Hitachi Investor Day 2021 [27].
8. 06. 2021. Smart Life Sector. [Presentation]- [27],
Hitachi, Ltd. Financial Highlights (IFRS) [25], Siemens
Healthineers Annual Report 2021 [8], Siemens
Healthineers Annual Report 2020 [28], 2020 Form 10 K
Annual Report., Accuray 2021 [40], Annual Report and
Accuray 2020 Annual Report [41]

Contributions to Global Radiation Oncology Market in 2021 and 2020
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Auj-E Tagaddas, (2023). Innovative Leadership Comparison of lon Beam Applications, SA Belgium against its competitors. Journal of Clinical Oncology Reports.
2(2). DOI: 10.58489/2836-5062/010
Page 42 of 79




Journal of Clinical Oncology Reports

Global Radiation Oncology Market size

Note: Values were caicdstad oy the authcr LSRG 3 compound Annusi growa rase of 7.0 %

Global RD Market size 2020

Global RO N

t size expected 2021

Global RD Market size expected 2022

it RO Market size expected 2023
Global RO Market size expecied 2024

Revenue forecast in 2028

Fig. 30 Contributions to Global Radiation Oncology Market in 2021 & 2020

3. Financial Market Analysis
In order to see if IBA and its competitors have enough

financial resources to commercialize inventions into
innovations, to engage into  entrepreneurial
opportunities to maintain sustainability of the company
and to face the economic and social challenges of the
society, author has carried out financial market analysis
that includes market capital, free cash flow and Total
assets. These metrics are not part of Innovation
leadership model. These are extra metrics analysed by
the author. Results are shown In Fig. 31 — 34. Market
capital data for IBA, Hitachi, Varian, Siemens
Healthineers, and Accuray were obtained from [165,
166, 167, 168, 169]. Free cash flow data for IBA was
acquired from [170]. Hitachi data was obtained from [24,
171]. Varian data was obtained from [172]. Siemens
Healthineers data was obtained from [8, 29]. Accuray
data was acquired from [173]. Total Assets data for IBA
was obtained from [11, 13]. Data for Hitachi Total Assets
was acquired from [24, 171]. Data for Varian Total
assets was acquired from [33]. Data for Siemens
Healthineers was obtained from [8,29]. Data for Accuray
total assets was obtained from [40]. In terms of Market

Capital, Siemens Healthineers has consistently shown

to have highest market cap, followed by Hitachi and
Varian from 2022 — 2019. IBA Market capital was at 4th
position in 2022, 2021 and in 2019. In 2018 IBA market
capital was lowest compared to other 4 companies. As
of Jun 2022, market capital of Siemens Healthineers
was $56.36 bn, of Hitachi was $45.64, of Varian $16.26
bn, of IBA $0.48 bn and of Accuray $0.18 bn. Other
Market Capital values for 2021 and 2020 can be found
in Fig. 31. Siemens Healthineer ($2.62 bn) has the
highest free cash flow in 2021 followed by Hitachi ($2.61
bn), IBA ($0.09 bn) and Accuray ($0.036). In 2020,
Hitachi had the highest free cash flow ($ 3 bn) followed
by Siemens Healthineers ($ 1.61 bn), Varian ($0.4 bn),
IBA ($0.11 bn) and Accuray (-0.005). In 2019 Siemens
Healthineers had the highest free cash flow ($1.13 bn),
HTHI ($0.33 bn), Varian ($0.31 bn), IBA ($0.05 bn) and
($ -0.034 bn). Accuray was the only one with negative
cash flow in 2020 and 2019. This means Accuray spent
more money than it made and was not left with any
money after paying operating expenses during 2020 and
2019. In 2018, Hitachi had highest free cash flow ($ 4.02
bn), Siemens Healthineers ($1.24 bn), Varian ($0.4bn),
IBA ($ - 0.044 bn) and Accuray ($ 0.012 bn). In 2018 IBA

suffered from negative free cash flow. It seems 2018
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was a tough year for IBA. Fig 32 shows free cash flow
data for all 5 companies.

As far as Total Assets are concerned Hitachi reported
highest assets ($ 113.88 bn) in 2021 followed by
Siemens Healthineers ($ 48.83 bn), IBA ($ 0.62 bn) and
Accuray ($ 0.48 bn). Varian data is not reported in 2021
as it was acquired by Siemens Healthineers in 2020. In
2020 Hitachi once again had highest Total Assets of
$106. 68 bn, Siemens Healthineers reported $29.44 bn,
Varian reported $ 4.46 bn, IBA $ 0.62 bn and Accuray
reported $ 0.49 bn. In 2019 Hitachi reported Total assets
of $92.35 bn, Siemens Healthineers reported $23.35 bn,
Varian reported $4.1 bn, IBA reported 0.48 bn and
Accuray $ 0.44 bn. Hitachi, Siemens Healthineers,
Varian, IBA and Accuray reported $86.64 bn, $ 22.93 bn,

$3.25 bn, $ 0.38 bn and $ 0.379 bn. Overall Hitachi has
reported consistently higher Total assets compared to
IBA, SHL, VAR and ARAY from 2021 to 2018. Siemens
Healthineers secured second position as far as total
assets are concerned. Siemens Healthineers
consistently reported in the range of $48.83 to $22.93
bn. Varian total assets ranged from $4.46 bn to $ 3.25
bn from 2020 to 2018. Varian total assets increased from
2018 to 2020. IBA Total assets increased from 2018 to
2020. However, there was no change in total assets in
2021 compared to previous year. Total Assets of
Accuray increased from $ 0.379 bn to $ 0.49 bn from
2018 to 2020. In 2021 there was a slight decline in total

assets of Accuray.

Comparison of Market Capital in USD bn
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Fig. 31 Comparison of Market Capital in USD bn
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Free Cash Flow Comparison in USD bn
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Fig. 32 Comparison of Free Cash Flow in USD bn
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Fig. 34 IBA Financial Market comparison against its competitors
1. Recommendations
Recommendations are shown in Fig. 35
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6. Limitations of the study performance sector wise. No Industry performance data
A company’s innovation, flexibility and resilience can is available for proton therapy. No R&D investment or
also be measured by utilizing financial data of past 3 intensity data industry wise or sector wise available.
years and by assessing it against the average financial Author therefore could not compare R&D intensity of
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IBA, Hitachi, Varian, Siemens Healthineers and Accuray
against the performance of Radiation oncology sector
and proton therapy sector. Therefore, author could not
determine contribution of each company to proton
therapy market. This is also because not all companies
report proton therapy sales separately. Limited Revenue
projection data is available for Radiation oncology
market. Consequently, author has compared the
contribution of companies towards total Radiation
oncology market.

Conclusion
In terms of points, Hitachi secured 1st position by

achieving highest points of 257, followed by Siemens
Healthineers who secured second position by attaining
106 points, Varian secured third position by attaining
102 points, IBA secured 4th position by achieving 97
points and Accuray was at 5th position by securing 72
points. All these companies have their own strengths.
For instance, despite the fact that IBA revenues were
lowest compared to other companies from 2021 to 2016,
IBA showed greatest change in Revenues (YOY Growth

%) in 2020 (10.4%), 2019 (10%) and 2016 (21.6%)
compared to other 4 companies and therefore achieved

5 points for each year.

IBA contributed 5.6% and 4.9% towards the global
Radiation Oncology Market in 2020 and 2021. Varian
contributed 46.6% and 20.9% towards the global
Radiation Oncology Market in 2020 and 2021
respectively. Accuray’s contribution as a percentage
towards Global Radiation Oncology market was 5.6%
and 5.5% in 2020 and 2021. Siemens Healthineers
contributed 28% in 2020 where as Hitachi contributed
24.1% in 2020. IBA and Accuray contributions are
almost equal.

The present study has shown that IBA exhibits very
good Innovation potential and capabilities despite being
significantly smaller company than Hitachi and Siemens
Healthineers in size and number of business lines. The
financial data for the past six years shows IBA’s flexibility
and resilience to both the environment and to economic,
social and market requirements. IBA showed very good
Innovation capabilities in terms of Proton therapy

revenues as the PT revenues generated by IBA were

greater than revenue contribution made by Proton
Solutions segment of Varian from 2020 — 2018. This
explains where IBA is an innovative leader in particle
therapy sector and has many strong Innovative activities
and Innovative capabilities. IBA owned 42% and 41% of
Proton Market share in 2020 and 2021. IBA gives fairly
good performance in terms of platforms and social
media usage. IBA and its competitors have fairly good
online visibility. However, this can be improved. IBA and
other companies are not using social media websites to
their full potential. In terms of innovation strategies IBA
performed quite well achieving 8 out of 10 points. This
means IBA has a number of good policies and strategies
in place such as strategy that focuses on Dedication to
Quality and Innovation, Conformal FLASH strategy,
innovation road map, tendency to invest in R&D and new
technologies as well as collaboration to drive innovation
in the field of Proton Therapy. Innovation leadership
matrix needs IBA’s attention as it secured only one point
compared to other companies. In terms of Innovation
activity, IBA showed very good change in R&D
Investment in 2020 (6%) and 2019 (11%) compared to
previous years. IBA performed consistently very well in
terms of R&D Intensity as it has second highest R&D
Intensity from 2021-2018 and highest R&D intensity in
2017 same as Accuray. IBA performed very well in
Training and Educational Metrix and obtained 9 out of
10 points. This is one of the Metrix where IBA
performance outclassed its competitors. IBA provides lot
of training to improve skills, knowledge and
competences of its employees and its reflected in
number of innovations it has managed to produce per
year. Despite having only 200 engineers and Experts in
R&D (2019) which is smallest number of staff dedicated
to innovation, IBA still managed to excel in total number
of innovations from 2022- 2018 over Siemens
Healthineers (17), Varian (18), and Accuray (15). It has
produced 33 innovations in nearly 5 years which is very
good indicator of Innovation activity. Hitachi had 135
innovations from 2021 to 2019. However, Hitachi is way
bigger company than IBA with highest revenue, market
cap and number of Employees dedicated to R&D

(350864). Areas where IBA needs to improve involve Al,
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robotics and digitalization, number of patents, number of
leadership programmes offered to its employees and
overall R&D intensity YOY Growth, use of social media
including Apps, CRM, direct marketing and Smart
technologies.

In terms of financial market analysis, IBA had an
average Market Capital of $ 0.51 bn over a period of 4
year. This is lower than its competitors in the present
study. Hitachi average Market cap was $44.29 bn. The
average market capital of Varian was $ 15.35 bn
whereas average market capital of Siemens
Healthineers $208.36 bn. The average market capital of
Accuray was $0.31 bn. IBA has access to reasonable
free cash flow to continue its operations. In 2018 IBA
suffered negative cash flow which meant it spent more
than it made. Siemens Healthineers has highest cash
flow in 2021 followed by Hitachi ($2.61 bn), IBA ($0.09
bn) and Accuray ($0.036). As far as Total Assets are
concerned Hitachi reported highest assets ($ 113.88 bn)
in 2021 followed by Siemen Healthineers ($ 48.83 bn),
IBA ($ 0.62 bn) and Accuray ($ 0.48 bn). IBA Total
assets increased from 2018 to 2020. Overall Hitachi
performed well in Revenues (highest mean values),
change in Revenue (2nd highest value in 2021), Social
Media usage (highest number of social capabilities —
14/14 points), highest number of Platforms and 57 Al
products, innovation leadership ( offers a number of
leadership programmes to its employees), Full points for
Strategies and policies concerning innovation, Highest
R&D investment mean value, R&D staff dedicated to
innovation (second highest number after SHL), highest
number of total employees, highest number of patents,
innovations per year and innovation ratios. This shows
Hitachi has great Innovation capabilities and activities
and is very resilient to economic, social and financial
environment. Hitachi can work to improve its R&D
intensity and education and training courses that they
offer to their employees.

Varian performed well in Revenues YOY growth in
2019,2018 and 2017, secured second position after IBA
in Proton therapy sales, is using 12 social media
websites and managed to produce 8 platforms, got 8/10

for innovation strategies which is pretty good. Varian

showed very good innovation activity in terms of total
innovations (18 innovations from 2020 to 2018). This
mean on average Varian produced 4.5 innovations per
year. Varian needs to improve overall mean Revenue
and R&D expenses although they are better than IBA
and Accuray. Varian also needs to provide information
on staff in R&D. Varian needs to improve on Education
and training that they offer their employees. SHL
performed well in terms of mean Revenues and changes
in revenues. It also performed well in social capabilities
area (12/14 points). SHL showed very good Innovation
related strategies and secured 9 out of 10 points. SHL
had highest number of staff in R&D, had second highest
number of patents after Hitachi and managed to produce
17 innovations in total from 2022 -2018 with an average
of 3.4 innovations per year. SHL need to focus on
improving social capabilities further, need to offer more
leadership programmes although its

leadership programmes are more than those offered by
its competitors like Varian, IBA and Accuray and need to
increase R&D intensity. Accuray needs to provide
information about staff in R&D, need to offer more
leadership programmes and increase the number of
training courses offered to its employees. Accuray had
highest R&D intensity among its competitors even better
than Hitachi from 2021 to 2017. Accuray excelled well in
revenue YOY growth in 2018 and 2016. Accuray uses 9
platforms out of 14 and produced 15 innovations in total
from 2022-2018 giving rise to a mean value of 3
innovation per year. Accuray has shown fairly good
innovation capabilities and activity and has performed
very well in 2020 despite Covid-19 pandemic affecting
businesses all over the world. Accuray provides a clear
timeline of its innovations and excels in Robotic
CyberKnife, Tomotherapy and Radiosurgery market.
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Appendix A: Exchange Rates
Table XX Currency Exchange Rates

Company Currency Closing Exchange Rates Date
1 EUR= $1.2216 31/12/2020

I T 7
1EUR=$1.1492 31/12/2018

I . A
1 EUR = $ 1.0522 31/12/2016
1EUR=$1.173 30/09/2020

I S
1EUR = $ 1.1604 30/09/2018

| Em-sums  aowmn
1EUR = $1.1242 30/09/2016
| JPY =0.009 31/03/2021

I O - T R
1 JPY =0.009 31/03/2019

I O I T
1 JPY =0.009 31/03/2017
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Appendix B: IBA Innovations
Table XXI: IBA Innovations in 2022
IBA Innovations in 2022
HEIekta and IBA collaborate to optimize QA in RT [110]

2 In March 2022, IBA revealed a partnership with Tractebel (a global engineering company) to
support Proton therapy construction projects

[111]

3 In March 2022 IBA Dosimetry launched myQA® SRS Technical document — in house 11, 112]
IBA acquires Modus QA [113]
5 In Jun 2022, IBA announced Conformal FLASH® Alliance [114]

In August 2022, IBA announced multi-year research collaboration with Fred Hutchinson Cancer Centre [115]
and the University of Washington in a bench to bedside research program for FLASH proton
therapy.

IBA Dosimetry Introduces SciMoCaTM | the next generation Monte Carlo secondary dose check and [116]
Plan QA Solution

In Jan 2022, IBA launched Cyclone® Key- a new low energy compact cyclotron for isotope production. [11]

Total: 8

Table XXII: IBA Innovations in 2021
IBA innovations 2021

fl Introduced new high capacity and high energy cyclotron called Cyclone® IKON which provides largest
energy spectrum forPET and SPECT isotopes.

Launched world’s first online Proton Therapy platform called Campus. (Collaboration)

In Mar 2021 IBA released myQA® Phoenix i.e. high-resolution digital detector array for Proton therapy [[118]
Commissioning.

IBA released myQA SRS and matrix Resolution.

In Oct 2021, IBA declared long-term R&D, marketing and Sales strategic partnership with Trad Tests [[11,120]
& Radiation to createnext generation radiation processing application.

6 In Sept 2021, IBA announced Strategic R&D partnership with Belgium SCK CEN (Belgium Nuclear [11, 121]
Research Centre) toproduce Actinium -225 radioisotopes for cancer treatments.

Announced key partnership with RaySearch in the areas of FLASH and Proton Arc therapy projects  [[11, 122]

8 In March 2021, IBA announced partnership with NorthStar Medical Radioisotopes, LLC to boost the [123]
supply of Technetium-99m world-wide.

Announced research agreement with University of Pennsylvania to promote research in [[11]
ConformalFLASH®3
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Table XXIII: IBA Innovations in 2020 and 2019

IBA innovations in 2020
1 In 2020, IBA announced Proteus® PLUS* Licensing deal with Chinese partner CGNNT
Total: 1

IBA innovations in 2019

In Sept 2019, Normandy Hadrontherapy released the co-development of carbon therapy system in [124]
Normandy France. IBAhas business relations with Normandy Hadrontherapy

IBA is creating new accelerator, Rhodotron® TT300-HE to produce molybdenum-99 and Tectnetium-  [18]
99m

IBA released new dosimetry products in 2019. These products included myQA Daily TM and myQA® (18, 125]
lonTM

IBA started a program to renew Patient QA for conventional Radiotherapy [18]

Table XXIV: IBA Innovations in 2018
IBA Innovations 2018

1 IBA reported high level production results attained by its fixed energy cyclotron called Cyclone® [126]

HZDR team wants to co-operate with IBA to integrate proton therapy and real-time MR imaging. [127]

In 2018 IBA launched a new generation of Rhodotron® with new pulsed technology to meet the [19]
requirements of itscustomers.

In Oct 2018, IBA reported delivery of first Radiation treatment plan of Spot Scanning Proton Arc [128]
(SPArc) in BeaumontHealth Proton Therapy Centre on its single room Proteus® One Solution.

In 2018 IBA joined a collaborative project funded by EU in partnership with GE and university of [19]
Manchester to createan alternative solution to the SF6 in the Dynamitron®

In Oct 2018, IBA launched IBA released myQA® Daily for daily LINAC QA. [129]

IBA introduces SMARTSCANTM Automated and Guided Beam Commissioning Solution. [130]
8 IBA obtained marketing authorization for Proteus® ONE in Brazil. [131]

9 IBA and RaySearch showcase the first online adaptive Proton Therapy workflow at ESTRO [132]
conference in 2018.

10 IBA declared to showcase its DOLPHIN Solution in Barcelona Spain at ESTRO 37. [133]

Appendix C: Hitachi Innovations
Press release headlines or Excerpts from the press releases are cited below to show various innovations launched by

Hitachi, Ltd. All press releases can be accessed from Hitachi’s website.
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Table XXV: Hitachi Innovations in 2021

Innovations in 2021
Innovations in-house Innovations in Collaborations

1 “HPSD and Hitachi Commercializes TED-MOS, a Newly |1 “Olympus Corporation (TSE:7733, “Olympus”) and Hitachi, Ltd.
Structured SiC Power Device That Balances Durability and (TSE:6501, “Hitachi”) today announced that they have signed a
Low Power Consumption Features” five-year contract to jointly develop Endoscopic Ultrasound

Systems (EUS)”

2 “Hitachi, Ltd. (TSE:6501; “Hitachi”) today announced that it has |2 “On January 1, 2021, Hitachi Automotive Systems, Ltd., Keihin
developed a system that visualizes operations based on Corporation, Showa Corporation and Nissin Kogyo Co., Ltd.
electric power generated from renewable energy by building, Concluded management integration to form Hitachi Astemo,
equipment or service, through the application of digital Ltd., a leading provider of mobility solutions to the automotive
technologies” industry”

3 “Hitachi Rail has successfully tested its first battery-powered 3 “Hitachi, Ltd. (TSE: 6501, “Hitachi”) today announced the launch
tram in Florence” of “Hitachi Industrial Edge Computer CE series Embedded Al

model”, that was developed in collaboration with Intel
Corporation (“Intel”)”

4 “Hitachi, Ltd. (TSE: 6501, “Hitachi”) today announced that as |4 “Hitachi Announces the Conclusion of Absorption-type Company
of April 1, 2021 it will strengthen its business structure in order to Split Agreement Relating to Diagnostic Imaging-related
accelerate the creation of social value, environmental value and Business”
economic value through its Social Innovation Business”

5 “Hitachi Develops Technology for Al-Based Disaster Video |5 “Hitachi ABB Power Grids today announced it has signed a
Recognition” memorandum of understanding with Yinlong Energy, one of the

world’s largest manufacturers of electric buses, to help cities
speed up their transition to emission-free electric bus
transportation and cleaner city air”

6 “Hitachi ABB Power Grids today announced the launch of its |6 “JR Kyushu and Hitachi Launch a Joint Project to Automate Train
Smart Digital Substation offering which brings together the Operation Re-Planning Work by Al
latest in digital substation technology with the unique
predictive, prescriptive and prognostic capabilities of Hitachi's
industry-leading Lumada Asset Performance Management
(APM) solution”

7 “Hitachi, Ltd. (TSE: 6501, “Hitachi”) today announced that it (7 “SOPHIA GENETICS SA (“SOPHIA GENETICS"), pioneer in
has developed the Hitachi Electronic Signature Service (‘the Data-Driven Medicine, and Hitachi, Ltd. (TSE:6501, “Hitachi”)
Service”), which implements secure electronic contracts today announced they have entered into a long-term collaboration
based on blockchain (distributed ledger) technology” agreement to bring clinical, genomic and real-world insights to

healthcare providers, pharmaceutical and biopharmaceutical
companies and extend the democratization of Data-Driven
Precision Medicine globally for the benefit of patients”

3 “Hitachi to Strengthen its Management Structure to Facilitate |8 “Hitachi ABB Power Grids, a global technology leader, and

Growth in Building Systems Business” Nanyang Technological University, Singapore (NTU Singapore), a
leading research-intensive university, will work together to advance
developments in Solid State Transformer (SST) technology”

9 “Hitachi Establishes Lumada Innovation Hub Tokyo to |9 “Hitachi to Acquire GlobalLogic, a Leading U.S.-based Digital
Accelerate the Lumada Movement Through New Engineering Services Company”

Collaborative Creation with a View to the Post-COVID-19
\World”

10 “Hitachi ABB Power Grids today launched EconiQ™ - its |10 “Launch of “Healthcare Al Platform Collaborative Innovation
portfolio of products, services and solutions that are proven to Partnership (HAIP)'
deliver exceptional environmental performance”
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11 “Hitachi High-Tech Corporation (President and CEO: Takashi |11 “Hitachi, Ltd. (TSE:6501, “Hitachi”) and Axcelead, Inc. (President:
lizumi / Hitachi High-Tech) and Hitachi High-Tech Group Tomoyuki Fujisawa, “Axcelead”) today announced that they have
company, Hitachi High-Tech America, Inc. (President: Craig agreed on a comprehensive collaborative partnership to develop
Kerkove / Hitachi High-Tech America), announce today the solutions contributing on more efficient creation of next-generation
establishment of Hitachi Center of Excellence in Portland, a biopharmaceuticals with digital technology and drug discovery
new centralized facility for semiconductor engineering in platform”

Hillsboro, Oregon”

12 “Hitachi Astemo, Ltd. Has developed “Dynamics Planning,” a |12 “Hitachi Acquires Kyoto Robotics”
highly precise vehicle trajectory planning technology for AD
ECU”

13 “Hitachi ABB Power Grids launches new transformers for 13 “Hitachi ABB Power Grids Ltd. And GE Renewable Energy’s Grid
floating offshore wind power” Solutions business (NYSE: GE) announced today a non-

exclusive, cross-licensing agreement related to the use of an
alternative gas to sulphur hexafluoride (SF6) used in high voltage
equipment”

14 “Hitachi High-Tech Corporation (President and CEO: Takashi |14 “Hitachi ABB Power Grids has joined the 450 MHz Alliance which
lizumi / Hitachi High-Tech) announced the launch of both brings together carriers; spectrum owners; and equipment,
AFM100 and AFM100 Plus systems — entry-level and terminal and solution vendors to drive development of mobile
intermediate-level models of Hitachi's compact and versatile networks in the 450 MHz frequency band”

Atomic Force Microscopes (AFM)”
15 “Extending its global base of engineering and service (15 “Hitachi ABB Power Grids teams up with BW Ideol to take
centers, offshore wind power into deeper waters”
Hitachi ABB Power Grids has announced the opening of
Collaborative Operations Centers (COC) for grid automation
solutions at key regional centers around the world

16 “Hitachi Vantara Delivers Intelligent DataOps Software Suite |16 “Hitachi Completes Acquisition of GlobalLogic — 14 July 2021
to Give Organizations Faster Access to Better Data”

17 “Hitachi ABB Power Grids today announced the launch of |17 “Arcelik And Hitachi Global Life Solutions Launch A New Joint
SVC Light® Enhanced at CIGRE 2021- its next-generation Venture, Arcelik Hitachi Home Appliances”
grid stabilization solution”

18 “Hitachi Develops the Most Compact, Lightweight EV |18 “Hitachi Rail enters agreement to acquire Thales’ Ground
Charging Technology in the Industry with Fast Charging and Transportation Systems business”

Multi- Vehicle Charging Capabilities”

19 “Hitachi, Ltd. (TSE: 6501, “Hitachi”) and GlobalLogic*1, a |19 “Establishment of Quantum Strategic Industry Alliance for
Hitachi Group Company, today announced the launch of a Revolution (Q-STAR)”
collaborative hub to promote digital transformation (DX)
services in the Japanese market”

20 “Hitachi, Ltd. (TSE: 6501, “Hitachi”) today announced |20 “Hitachi partners with Bao Viet Insurance to drive innovation in

enhancements to its Sentiment Analysis Service*1 insurance business using Al and medical big data”
(hereinafter, “the service”), which leverages Al to analyse and
visualize, from the perspective of sentiment, response to a
company or product based on text data from Twitter or other
sources”

21 “Hitachi Energy launches IdentiQ™ digital twin for sustainable, |21 “Hitachi, Tohoku University and Kyoto University Become World's
flexible and secure power grids” First to Establish Technology for Highly Efficient, High- quality

Production of Actinium-225, a Material Required for Internal
Radiation Therapy Called TAT”

22 “Two New FE-SEM Models Launched to Support Data-Driven |22 “Hitachi, Trend Micro, Microsoft Japan Agreed to Develop Security

R&D [Hitachi High-Tech Corporation” Solutions for Connected Cars Jointly”
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23

“Hitachi Power Semiconductor Devices, Ltd. (HPSD) has
developed highly durable three new products of 1.7kV Full-
SiC Module*1 with low-loss property, realizing 30% reduction
of switching loss of the existing products which already

indicate, thanks to Cu-sintering”

“Hitachi Energy signs EconiQ frame agreement with BKK Nett to

contribute to Norway's carbon-neutrality”

24

“Hitachi High-Tech Corporation (“Hitachi High-Tech”) today
announced the Development of its Electron Beam Area
Inspection System GS1000”

“Today, First Bus is pleased to announce that the company has
selected Hitachi Europe as a prime strategic partner for the
decarbonisation programme at its flagship Caledonia bus depot in

Glasgow”

25

“Hitachi Vantara, the digital infrastructure, data management and
analytics, and digital solutions subsidiary of Hitachi Ltd. (TSE:
6501), is expanding its partnership with Rainforest Connection to
help accelerate data-driven solutions to protect rainforests and

their sensitive ecologies”

26

“Hitachi Vantara, the digital infrastructure, data management and
analytics, and digital solutions subsidiary of Hitachi Ltd. (TSE:
6501), is expanding its partnership with Rainforest Connection to
help accelerate data-driven solutions to protect rainforests and

their sensitive ecologies”

27

“Hitachi to acquire Bombardier Transportation’s contribution to the
V300 ZEFIRO very high-speed train from Alstom”

27

“Hitachi Energy partners with National Grid on world’s first

replacement of SF6 in existing high-voltage equipment”

Total

24

27

Table XXVI: Hitachi innovations in 2020

Innovations in 2020

Innovations in-house

Innovations in Collaborations

1 “Hitachi to Strengthen the Management Structure”

“Hitachi, Ltd. (TSE: 6501), Hitachi Asia Ltd., and Hitachi Asia
(Thailand) Co., Ltd. (collectively "Hitachi") today announced the
signing of a Memorandum of Understanding with Chulalongkorn
University to cooperate on defining the societal challenges that
may affect Thailand's future society and to identify possible

solutions to those challenges”

2 “Hitachi Industrial Products, Ltd. (“Hitachi Industrig
Products") announced that Hitachi Industrial Products
received safety standards: "EN 15085 certificate” for

welding of railway vehicles”

N

“Nichirei Foods Inc. ("Nichirei Foods") has introduced an Al
enabled Automatic Planning system that create optimal
production and manpower allocation planning to four food plantg

in Japan, which started full-scale operation in January 2020

through collaborative creation with Hitachi, Ltd.”
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“Hitachi, Ltd. (TSE:6501, "Hitachi") and Hitachi Building
Systems Co., Ltd. ("Hitachi Building Systems") today
announced that they will launch full-scale commercia
operations with "EMIEW" communication robot as one of

their Lumada”

3

“Hitachi to establish "Lumada Data Science Lab." bringing

together top data scientists”

“Hitachi, Ltd. (TSE: 6501, "Hitachi") today announced tha
it established Hitachi Industrial Holdings Americas, Inc
(Chairman: Masakazu Aoki; "Hitachi Industrial Holdings
Americas”) (1) on April 1, 2020, to strengthen its industry
business in North America”

“Hitachi Automotive Systems, Ltd., a wholly owned
subsidiary of Hitachi, Ltd. (TSE: 6501, "Hitachi"), today
announced that the company completed the acquisition of all
shares of seneos GmbH ("seneos") on April 15, 2020.
Through this transaction, seneos, a German automotive

device software developer, became a wholly owned
subsidiary of Hitachi Automotive

Systems”

“Hitachi, Ltd. (TSE:6501, "Hitachi") today announced tha
Hitachi will commercialize its original technology fo
measuring well-being and utilize it to support new
organization management and activation triggered by
COVID-19 Pandemic, and will establish Happiness
Planet Ltd"

“Taiwan Hitachi Asia Pacific and MetaTech (AP) Inc. Agree
to Establish Joint Venture Company in the Regenerative
Medicine Field”

“Hitachi, Ltd. (TSE: 6501, "Hitachi") today announced the
systematization and launch of "Hitachi Global Datg
Integration” on June 30, as an loT service that supportg

the expansion ofcompanies' global 10T businesses.”

“Hitachi, Ltd. (TSE: 6501, "Hitachi") today announced that it
has signed an agreement with Fusionex International Plc
("Fusionex"), a Big Data and Al technology market leader in
the Asian region, providing Al and data analytics services,
and has acquired the successor company of digital business
under the "Fusionex" brand, as a wholly owned subsidiary
("the new

company") on April 1, 2020.”

“Hitachi ABB Power Grids today launches Grid- eMotion™
Fleet, a game-changing grid-to-plug EV charging system
that delivers a step-change approach for public transpor
and commercial operators. The smart mobility solution
enables operators to efficiently scale up their operations
and is expected to contribute

to sustainable society for millions living in urban areas.”

=

“Hitachi, Ltd. and Microsoft Corp. today announced a
multiyear strategic alliance to accelerate the digital
transformation of the manufacturing and logistics industries

across Southeast Asia, North America and Japan.”

“Hitachi, Ltd. (TSE:6501; "Hitachi") has constructed g
platform for the integrated management of cell and tracing
information throughout the value chain, from ce
collection, through production and transport, to the

administration of regenerative medicine products”

“Hitachi, Ltd (TSE: 6501, "Hitachi") and ThinkCyte, Inc.
("ThinkCyte") today announced that they have entered into a
collaboration focused on developing an artificial intelligence

(Al)- driven cell analysis and sorting system.”
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“Hitachi ABB Power Grids is delighted to launch the

TXpert™ Ecosystem for digitalization of transformers”

9

“Hitachi Completes Acquisition of ABB's Power Grids

Business; Hitachi ABB Power Grids Begins Operation”

10

“Hitachi ABB Power Grids has pioneered a ground
breaking modular mobile substation solution which vastly
reduces the time to restore power in the case of majo

disruptive events such as natural disasters.”

“HOYA Corporation (TSE:7741, "HOYA") and Hitachi, Ltd.
(TSE:6501, "Hitachi") today announced a five-year contract
regarding Endoscopic Ultrasound Systems [EUS] by which,
i) the parties will strengthen technical collaboration, and ii)
Hitachi will continue supplying diagnostic ultrasound systems
and

ultrasound sensor related parts used in EUS”

11

“Hitachi, Ltd. (TSE:6501, "Hitachi") announced the launch
of'Biometrics Integrated Infrastructure Service, a cloug
service for realizing safe personal authentication ang

cashless payments using biometrics, on October 30"

“Hitachi Rail to acquire railway technology firm Perpetuum”

12

“Hitachi, Ltd. (TSE: 6501, Hitachi) today announced the
demonstration of reliable 5G-based edge-computing
operation technology (“the operation technology") for the
agile on-site introduction and stable operation of digita

solutions leveraging5G networks”

12

“Hitachi ABB Power Grids has signed a definitive agreement
to acquire US-based Pioneer Solutions LLC, a provider of
industry- leading front-to-back-office Commodities/Energy
Trading and Risk Management (C/ETRM) solutions,
headquartered in Denver, Colorado, USA. This expansion
will give the business the most comprehensive offering in the
market. The acquisition

is expected to close in the fourth quarter of 2020.”

13

“Hitachi, Ltd. (TSE: 6501, "Hitachi") today announced tha
ithas developed an loT platform that brings to buildings the
high added value required for the new normal, including
high efficiency of building management and improveq

comfort forbuilding users.”

“East Japan Railway Company ("JR East"), Hitachi, Ltd.
("Hitachi"), and Toyota Motor Corporation ("Toyota") have
entered into an agreement to collaborate on development of
test railway vehicles equipped with hybrid systems that use
hydrogen powered fuel cells and storage batteries as their
source of

electricity.”

14

“Hitachi ABB Power Grids launches all-new remote

terminalunit”

“Conclusion of Absorption-type Merger Agreements and

Determination of Effective Date of Absorption”

15

“Hitachi ABB Power Grids launches first-of-its-kind high-

voltage hybrid switchgear for offshore wind”

“Hitachi, Ltd. (TSE:6501), today announced a new global
partner program, the Lumada Alliance Program, that will
bring together industry-leading partners from the domains of
information technology, operational technology, vertical
industries, academia, and government to collaborate on

digital solutions that deliver economic growth as well as
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social, environmental,

and quality of life innovations”

16 [*Hitachi, Ltd. (TSE:6501; "Hitachi") and Hitachi Industry &
Control Solutions, Ltd. ("Hitachi Industry & Control”) today
announced that they have developed the H4E series (1) of
device-embedded-type compact finger vein authentication
modules featuring vastly improved authentication accuracy
and usability compared with conventional models (2) and

enhance

support for outdoor use”

17 |*Hitachi Rail and Eversholt Rail have signed an exclusive
agreement aimed at bringing battery power - and fuel
savings of more than 20% - to the modern Great Western
Railway Intercity Express Trains that carry passengers
between Penzance and

London”

18 [‘Today Argelik A.S. (ARCLK: IST, "Arcelik") and Hitachi
Global Life Solutions, Inc. ("Hitachi GLS") have signed a
share purchaseagreement to establish a new joint venture

company”.

19 [‘Hitachi Capital (Thailand) Co., Ltd. (President: Tomoki
Ariizumi

, "HCT"), a subsidiary of Hitachi Capital Corporation
(TSE:8586, President & CEQ: Seiji Kawabe, "Hitachi
Capital"), Hitachi Asia (Thailand) Co., Ltd. (Managing
Director: Yoshihiro Sugeta, "Hitachi Asia (Thailand)"), a
subsidiary of Hitachi, Ltd. (TSE:6501, President & CEO:
Toshiaki Higashihara), and SANTEC POWER SOLUTIONS
CO., LTD. (Director: Masamichi Imoto, "SANTEC") entered
into Memorandum of Understanding

("MOU") today”

Total

15

19
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Table XXVII: Hitachi Innovations in 2019

Hitachi Innovations in 2019
In house In collaboration

1 “Hitachi Strengthens Wind Power Generation System |1 |*Hitachi & SBI Sumishin Net bank Sign a Memorandum o
Business” Understanding towards Establishing a Joint Venture to Provide

Al Investigation Services”

2 “Hitachi Automotive Systems Develops Technology for On{2  [|‘Ansaldo STS to become fully owned by Hitachi’
board Stereo Cameras Enabling Highly Accurate Detectior
of Small Irregularities in Road Surfaces”

3 “Hitachi to Strengthen Business Structure fora |3 |‘Hitachi Launches "Hitachi Digital Solution for
Transformation into a Global Leader” s Logistics/DeliveryOptimization Service using Al & loT---Mitsui &

Co., Ltd.”

4 “Hitachi Automotive Systems to Strengthen its Global{4  |‘Prince of Songkla University (Thailand) and Hitachi Jointly
Organizational Structure” Develop Sentiment Analysis Engine for Thai Language”

5 “Hitachi Launches "Lumada Solution Hub" to Advance5  |‘Hitachi, Ltd. (TSE: 6501, Hitachi), Jichi Medical University
andFacilitate Introduction of Lumada Solutions” (JMU), International University of Health and Welfarg

(IUHW) and Chuo University (Chuo-U) have developed
fundamental technology to support the early differential
diagnosis of concurrent autism spectrum disorder”

6 “Hitachi to Strengthen Business Structures by Integrating6 “Hitachi Announces Conclusion of Absorption-Split
Five Group Companies in the Information and type Agreement to Strengthen the Business of
Telecommunication Systems Field in China” Power”

7 “Hitachi, Ltd. announced today that Hitachi hag7 “Hitachi Announces the Conclusion of Absorption-type
commercialized the automated cell mass cultureg Company Split Agreement Relating to Reorganization o
equipment*1 for the first time in Japan*2 which is able tg Industrial Equipment Business”
manufacture commercial induced pluripotent stem cells
("iPS cells") for regenerative medicine.”

8 “Hitachi, Ltd. (TSE: 6501, Hitachi) today announced thel8  |*Hitachi Industrial Equipment Systems Entered into Agreement
development of multiple Al coordination control technology| to Acquire KEC, Robotic System Integrator”
that increases the efficiency of the picking process by
integrating the control of the picking robot*1 and automated
guided vehicle (AGV)*2 to smoothly pick-up specific
products from goods carried by the AGV. *

9 “Hitachi Young Leaders Initiative Inspires Youth Leadersto |9 |“SEKISUI HOUSE, KDDI, Hitachi Collaborate on
Become Change Makers through Digital Transformation” Information-Sharing Platform”

10  |*Hitachi, Ltd. (TSE:6501, "Hitachi") today announced tha{10 |‘Hitachi, Ltd. (TSE: 6501, "Hitachi") and the German Research
"Hitachi Origin Park (tentative name)" will open in Hitachi Center for Artificial Intelligence GmbH (DFKI) jointly
City, Ibaraki Prefecture - the company's birthplace - in the developedan Al based technology for quantifying physical load
first half of FY2021” on a worker wearing a sensor suit’
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11 |*Hitachi, Ltd. (TSE: 6501, "Hitachi") today announced it411 [*HITACHI CONTINUES PARTNERSHIP WITH TEAM

intent to integrate Hitachi Vantara Corporation and PENSKEIN 2019”
Hitachi Consulting Corporation to lead Hitachi's globa

expansion of Lumada-based solutions and digital

capabilities for itscustomers and partners”

12 |"Hitachi Expands Its Elevators & Escalators Business in (12  [SBI and Hitachi launch joint venture”
Laos”

13  |“Hitachi Automotive Systems, Ltd. today announced the(13 [‘ON APRIL 24 2019 Hitachi Agrees to Acquire JR Automation,
development of vehicle control technology that can aRobotic System Integrator in the US”
accurately track vehicle trajectory even in instances where
a sharp steering angle is required”

14  |*Hitachi Automotive Systems, Ltd. today announced the|14 [‘Hitachi, Ltd. (TSE: 6501, Hitachi) today announced the launch
development of a drive control technology that uses an AD of "Kydsd-no-Mori"*1 within the Central Research Laboratory o
ECU* to avoid risks by artificially mapping and recognizing Hitachi, Ltd. as a new research initiative to accelerate innovation
potential hazards. Hitachi Launches Dashboard for Building through open collaborative creation for the realization o
Owners and Managers to Check the Operation and Sustainable Development Goals”

Maintenance Status of Building Facilities”

15  |“Hitachi Launches Dashboard for Building Owners and15 [‘AMADA HOLDINGS CO., LTD. (TSE: 6113, AMADA
Managers to Check the Operation and Maintenance Status HOLDINGS) today announced that it has decided to construct g
of Building Facilities” human-friendly  next-generation manufacturing  mode

utilizing loT at its main factories in Japan through collaborative
creation with Hitachi, Ltd.

16  |Hitachi, Ltd. (TSE: 6501, "Hitachi") today announced thg16 |“Transmash holding and Hitachi to Produce Traction Inverters
successful development of Data Preparation Service inRussia”

The Service uses Al to streamline data pre-processing
which is an essential part of preparing data for use and
analysis”

17  [‘Hitachi, Ltd. (TSE:6501) today announced that Hitach{17 [*Solomon Power and Hitachi Conclude MoU on Resolving
developed a new automation technology of 3D culture*2, Energy Issues Leveraging Internet of Things”
solving problems of the previous 3D culture using Hitachi's
Automated Cell Culture Equipment for iPS cells”

18 |'NEDO and Hitachi Develop and Install Cloud-Based Integrated
Distribution Management System in Slovenia”

19 |*Hitachi Europe Ltd., a wholly owned subsidiary of Hitachi,
Ltd.(TSE: 6501, "Hitachi") today announced that researchers at
the Hitachi Cambridge Laboratory ("HCL"), working in
collaboration with academic partners at the University of
Cambridge, University College London, and CEA-LETI ('the
team'), have developed and demonstrated a hybrid electronic
circuit toaddress a barrier to realizing a practical
large-scale quantum computer known as the "I/O problem."
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20 [*Hitachi and Virtusa Partner to Advance Al in Financial

Services”

21 |Hitachi Automotive Systems, Ltd. today announced a
partnership for collaboration with Plug and Play, a global
innovation platform that brings together the best start ups

withthe world's largest corporations”

22 |'FDC and Hitachi signed joint venture agreement for a new

watersolution company”

23 [Tokyo Electric Power Company Holdings, Inc. (TSE:9501),
Chubu Electric Power Co., Inc. (TSE: 9502), Hitachi, Ltd.
(TSE:6501) and Toshiba Corporation (TSE: 6502) ("the four
companies”) today announced a basic agreement to discuss
potential collaboration for nuclear energy business for boiling
water reactor ("BWR business"). The agreement was signed

today, August 28"

24 |'HITACHI AND TEAM PENSKE EXTEND WINNING
PARTNERSHIP”

25 [*Sekisui House, Ltd. (TSE:1928, "Sekisui House"), KDDI
Corporation (TSE:9433, "KDDI"), and Hitachi, Ltd. (TSE:6501
"Hitachi") announced that they have started joint trials to
improve real estate rental contract process through

blockchain technology”

26 [‘Hitachi and Frasers Property sign S$100 million MOU to drive

digital transformation in the real estate industry in Asia Pacific’

27 |*Hitachi and New South Wales State Government agreed to
establish "Kydso Centre (collaborative creation centre)" to

accelerate the creation of social innovation”

28 |'The Northern Care Alliance NHS Group and Hitachi
Consulting today announced a partnership to deliver the UK's
first fully integrated digital transformation of care processes.
Known as the Digital Control Centre, the 10-year project will be
deployed across Salford Royal NHS Foundation Trust, part of
the Northern Care Alliance, and revolutionise the organisation
of

care across its acute and integrated services”

29 ‘A research group led by Associate Professor Hideki NIIMI of
the Graduate School of Medicine and Pharmaceutical Sciences

for Research at the University of Toyama (National University
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Corporation) and Hitachi, Ltd. (TSE: 6501, "Hitachi") have
developed a novel technique for rapid determination of effective

antimicrobial treatment for patients with septicaemia *

30 [‘Rubber Industries, Ltd., (TSE: 5110) Hitachi, Ltd., (TSE: 6501)
and PTC (NASDAQ: PTC) today announced a collaboration to
deploy a tire production solution, leveraging an advanced
AllloT platform, for achieving high-quality, high-efficiency

processes across its many factories worldwide”

31 |‘Through collaborative creation with Hitachi, Ltd. (TSE:6501

/ "Hitachi"), Seiyu GK ("Seiyu") will introduce the Hitachi Digital
Solution for Retail/Al Demand Forecast Auto Replenishment
Service to stores all over Japan from October 2019 as a
system for automatically replenishing based on

demand forecasted by Al"

32 [‘Hitachi and Cambridge renew 30-year research partnership”

33 |‘Hitachi, Ltd. (TSE:6501, "Hitachi") and Centre Léon Bérard
(CLB), aleading French Comprehensive Cancer Center in
Lyon- France, announced today that they have entered into an
agreement to jointly promote research and development aimed
at improving the efficiency of diagnosis and treatment of cancer
and established a new research

laboratory called Hitachi Lyon Lab on the CLB site”

Total

17

33
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Appendix D: Varian Innovations
Table XXVIII: Varian Innovations in 2021

Varian Innovations in 2021

1 Cryocare TouchTM Ablation system introduced in early fiscal year 2021 in the field of Interventional |[8, 135]
Oncology. CryoCare CS® system is lead product of Austin Texas based Endocare.

Embozene microspheres (an integral part of Varian Interventional Solutions Portfolio) received FDA
Breakthrough device award in the field of Interventional solutions for the treatment of symptomatic knee
osteoarthritis. This is non-invasive treatment

Varian launched first FLASH therapy clinical trial -FAST -01 in the field of Oncology and got an
investigational device exemption

from FDA. FAST-01 was planned in collaboration with FLASHFORWARD TM Consortium. -

Varian's non-invasive Cardiac Radioablation (CRA) system received a breakthrough device designation from|[8, 137]
FDA as it has ability to provides more effective treatment for refractory Ventricular Tachycardia. Varian
acquired CyberHeart Radio ablation technology

in May 2019.

Table XXIX: Varian Innovations 2019 and 2018

Varian Innovations in 2019

1 |CyberHeart - Varian acquired it in 2019 to enter into $400 million Ventricular tachycardia ablation market |[34,138]

2 [In 2019 Introduced Ethos, an Al powered adaptive RT LINAC at ASTRO conference.
Uses Al, machine learning and personalised treatment plan every time patient lies on treatment couch for
RT.
e
4 |MICROTHERMX® microwave ablation device- acquired as part of Endocare acquisition [34]

5 [Caligel

6  [Embozene microspheres — In 2019 Varian acquired Boston Scientific’'s microsphere and bland embolic [[68]
beads product lines

7 |Consortiums: Adaptive Intelligence

CTSI was acquired by Varian in 2019.

Total: 8

Varian Innovations in 2018

1  |IDENTIFY Guidance system and products. In 2018 Varian acquired HumediQ GmbH which markets and [140]
promotes IDENTIFYTM products

Noona App - Smart technology. Noona was acquired by Varian in 2018. 68, 141]

3 |Consortium: Flash Forward Consortium [34]
FLASH Treatment planning system. 34]
5 ‘Mobius Medical Systems --collaboration [142]

Introduced new single room Probeam 360° proton therapy system with a 30% smaller foot print and 25% (35, 143]
reduced vault construction costs than Probeam compact.
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Appendix E: Siemens Healthineers Innovations
Table XXX: Siemens Healthineers Innovations in 2022, 2021, 2020, 2019 and 2018

Siemens Healthineers Innovations in 2022
1  |Plans are in place to extend Al-Rad companion for mammography in 2022

Launched new production line in Bengaluru, India [144]

]
3 |SHL completes Acquision of Varian Medical systems, Inc. 45]
FDA approves first 80cm wide bore Magnetom Free Max. Scanner 8, 146]
Total: 4

Siemens Healthineers Innovations in 2021

8
[

1  |CorPath GRX is FDA cleared and CE marked robotic system for coronary and peripheral interventions. |[8, 147]
There will be furtherdevelopments in endovascular robotics system.

Launched rapid Covid-19 Antigen test called CLINITEST in FY 2021 m
(8]

3 |Introduced photon counting computed tomography scanner
Total: 3

Siemens Healthineers Innovations in 2020

Introduced New Al- powered Ultrasound system called ACUSON Redwood Ultrasound system at 73RD [[148]
annual conference of IRIA 2020

Total: 1
Siemens Healthineers Innovations in 2019
1 |In 2019 Siemens Healthineer introduced mobile Head CT scanner SOMATOM On. site. [149 - 150]

2 |Launched Two Al based assistants for MRl — Al-Rad companion Brain MR for Morphometry analysis [151]
and Al-Rad companion Prostate MR for Biopsy support
3

Marketed new Somatom X. site CT with intelligent user guidance system and 82cm gantry along with [152]
myExam companion.

Introduced Artis Icono biplane angiography system for neuroradiology. [153]

Introduced and showcased Atellica Diagnostics IT solutions — includes Atellica AsaTM Application [154]
(Tablet based softwaredeveloped to organize operator tasks by workflow).

RAPID Point 500e Blood Gas system is a new POC testing technology. [154]

Introduced Molly® 2.25 high volume autoinjector — Solutions for high volume drug delivery. [155]
Total: 7

Siemens Healthineers Innovations in 2018

1 |Introduced AL-Rad Companion Chest CT, an intelligent software assistant for studying image data. - [[29]
incorporates Al into CT.

Extended the MAGNETOM family of MR Scanners by introducing Altea, Lumina and Amira models. [29]
3 |Expanded their market position by opening a new software development centre in India, by unveiling [30]

new head quarter inErlangen, Germany and extending laboratory diagnostics reagent production facility

in USA.
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Appendix F: Accuray Innovations
Table XXXI: Accuray Innovations in 2022, 2021, 2020

Accuray Innovations in 2022
fl In 2022 Accuray and Limbus Al announced partnership to expand Accuray Adaptive RT capabilities. [156]

2 In 2022 CyberKnife with Accuray Connect-Brainlab Elements — increasing functionalities 0{[157]
Neurosurgeons

3 In FY 2022 First quarter report Accuray announced new integration with RayStation® Treatment |[158]
Planning System forCyberKnife® M6TM and S7TM systems.

Total: 3

Accuray Innovations in 2021

1 In 2021 Accuray launched Radixact and Tomotherapy with VOLOTM Ultra — new planning system |[157, 159]
capabilities

2 In 2021 Accuray Incorporated and C-Rad AB (Stockholm) announced an agreement to increase [160]
Radixact’s abilities to treatbreast cancer

provides widest and longestfield of view.

4 At ASTRO 2021, Accuray showcased new integration of Cyberknife M6TM and S7TM systems  [158]
with RayStation TPS —in

In June 2021, Accuray obtained CE Mark Certification for its Clear RTTM imaging technology. It [161]

collaboration
Total: 4

Accuray Innovations in 2020
1 In 2020 introduced CyberKnife S7 -SRS/SBRT treatments with Synchrony. [157]

2 In 2020 Accuray launched Radixact with Clear RTTM -Helical KVCT imaging. [157]

3 In 2020 Accuray made an agreement with Brainlab to enhance CyberKnife® Platform neurosurgery [162]
capabilities.

Total: 3

Accuray Innovations in 2019

1 In 2019 Accuray introduced Radixact® Treatment Delivery System (The next generation[157]
Tomotherapy Platform) with Al- based Synchrony.
2

Introduced Onrad Treatment Delivery System - designed specifically to satisfy the needs of the [42]
market in China.

In 2019, Accuray announced a Joint venture with CIRC, China called CNNC Accuray (Tianjin) |[163]
Medical Technology Co., Ltd.

Total: 3

Accuray Innovations in 2018

In 2018 Accuray introduces CyberKnife VOLVOTM ultrafast treatment optimization & delivery system |[157]

Accuray introduces iterative Reconstruction low dose imaging with enhanced soft tissue [157]
contrast

Total: 2 ‘

Auj-E Tagaddas, (2023). Innovative Leadership Comparison of lon Beam Applications, SA Belgium against its competitors. Journal of Clinical Oncology Reports.
2(2). DOI: 10.58489/2836-5062/010
Page 65 of 79




Journal of Clinical Oncology Reports

Appendix G: Scores
Table XXXII Scores: IBA & Hitachi

~N o o B~ w

10
11
12
13
14
15
16

17

Innovation Capabilités Matrices IBA HTHI

Innovation Capabilities

Revenues 1 5
Change in Revenues (YOY growth) 2021: 2 2021: 4
2020: 5 2020: 3
2019: 5 2019: 4
2018: 1 2018: 3
2017: 2 2017: 5
2016: 5 2016: 2
PT revenues 5 No direct comparisons possible
Social capabilities 6/14 14/14
Platforms & Data 6 16
Innovation Leadership 1 10
Strategies 8/10 10/10
Innovation Activities Matrices
R&D Investment (mean values) 1/5 5/5
Change in R&D investment (YOY growth) in 2020  4/5 2/5
R&D intensity 4/5 1/5
Change in R&D Intensity (YOY growth) in 2020 1/5 4/5
R&D Staff 3/5 4/5
Total number of Staff 2/5 5/5
Education & Training 9/10 5/10
Patents/registered trademarks/patent applications  1/5 5/5
Number of innovations / year (3-year data) 15in 3 years 135 in 3 years

(5 Innovations  per year on(45 innovations per year on

average) average)
Ratio of In-house vs in collaboration innovations 2021: 4/5 2021: 5/5

2020: 3/5 2020: 5/5

2019: 3/5 2019: 5/5
Total 97 257
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Table XXXIII: Scores: Varian, Siemens Healthineers & Accuray

Innovation Capabilités VAR SHL ARAY
Matrices

Innovation Capabilities

1 Revenues 3/5 4/5 2/5
2 Change in Revenues (YOY growth) 2021: 1/5 2021: 5/5 2021: 3/5
2020: 2/5 2020: 4/5 2020: 1/5
2019: 5/5 2019:4/5 2019: 3/5
2018: 5/5 2018:2/5 2018: 4/5
2017: 5/5 2017: 4/5 2017: 3/5
2016: 4/5 2016: 4/5 2016: 4/5
3 PT revenue 4/5 No comparison possible 'N/A
4 Social capabilities 12/14 12/14 9/14
5 Platforms & Data 8 4 4
6 Innovation Leadership 2 6 1
7 Strategies 8/10 9/10 6/10
Innovation Activities Matrices
8 R&D Investment (mean values) 3/5 4/5 2/5
9 Change in R&D investment (YOY 5/5 3/5 1/5
growth) in
2020
10 R&Dintensity 2/5 3/5 5/5
11  Changein R&D Intensity (YOY growth)in 5/5 2/5 3/5
2020
12 R&D Staff No info available 5/5 No info
13  Total number of Staff 3/5 4/5 1/5
14 Education & Training 6/10 2/10 1/10
15 |Patents/registered 3/5 4/5 2/5
trademarks/pat
ent
applications

16  Number of innovations / year (3-year 11 innovations in 3years 11 innovations in 3 years 10 innovations in 3
(18 innovations in 5 years|(17 Innovations in 5

data) years
that means 3.6years mean 34 _ _ _
innovations per year on innovations per year orﬁ(.)15 nnovations in
average)
average) years mean 3
innovations  pet
year on average)
17  Ratio of In-house vs in collaboration 2021: 1/5 2021: 3/5 2021: 2/5
innovations 2020: 2/5 2020: 3/5 2020: 4/5
2019: 2/5 2019: 4/5 2019: 1/5
Total 102 106 72
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Appendix H: Abbreviations
ARAY = Accuray
IBA = lon Beam Applications

BDS = Beam Delivery System

EBRT = External Beam Radiation Therapy

HTHI = Hitachi

LINAC = Linear Accelerator PBS = Pencil Beam Scanning PBT = Proton Beam Therapy PT = Proton Therapy
R&D = Research & Development

RT = Radiation Therapy / Radiotherapy

SHL = Siemen Healthineers

VAR = Varian

YOY = Year over Year
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