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We all know that healthcare today is faced with
ever greater challenges. We are faced with both
economic and ethical dilemmas, and while ad-
vances in research and innovations may open
new possibilities for better health and improved
care, they do not always reach those who need
them.

Uppsala Health Summit is an international arena
for frank and challenging dialogue, exploring
possibilities and dilemmas associated with ad-
vancement in medicine. Uppsala Health Summit
stimulates dialogue from various perspectives,
such as medical, economic and ethical.

We are an enabler for change, and an arena
laying the foundation for long-term relationships
and insights that can help you in your work to
improve health outcome in your part of the
world.

Uppsala Health Summit is arranged in Uppsala,
Sweden, by partners with long experience of
developing health and healthcare from differ-
ent perspectives, and who see the potential for
improving health and healthcare globally.

The effort is run as a collaboration between
Uppsala University, the Swedish University of
Agricultural Sciences, Uppsala Region, the City
of Uppsala, the Swedish Medical Products
Agency, The National Food Administration, The
National Veterinary Institute, Uppsala Moni-
toring Centre, the Swedish Research Council
for Health, Working Life and Welfare, and the
network World Class Uppsala. This year, we
are also proud to have the Swedish Childhood
Foundation as a partner to Uppsala Health
Summit.
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Preface

In many parts of the world, a cancer diagnosis

is still perceived as an immediate and deadly
threat. Yet medical advances have led to fantas-
tic new opportunities to treat, and sometimes to
cure. For many, however, these opportunities are
still not accessible.

The gap between what scientific and medical
advances can offer in terms of opportunities to
treat, and the actual treatment available to can-
cer patients throughout the world, 1s widening.
A growing incidence and prevalence of cancer
diseases 1s maintaining, and even increasing,
the budget pressure on health systems. We need
urgently to investigate what we can do to narrow
the gap between medical and real-life possi-
bilities. This is why we are convening Uppsala
Health Summit this year on the theme of Care
for Cancer.

The development of technologies such as genom-
ics has opened up remarkable possibilities for
understanding cancer diseases, creating oppor-
tunities for better diagnostics and treatments.
This would not have been possible without a
simultaneous development of the capacity to
collect and analyse large quantities of data. But
have we created the infrastructures to enable
responsible exploitation of these technologies,

so as to implement and make the most of our
advances? And have we looked enough into how
information technologies can move us closer to a
situation of equal access to care?

I expect these to be among the hot topics this
year in the discussions at Uppsala Health Sum-
mit.

This is our fifth Uppsala Health Summit, found-
ed to bring medical, ethical, economic and other
perspectives together to address challenges and
dilemmas in implementing our research and in-
novations. To make better use of research results
and innovations for better care and to improve
health outcomes, despite limited resources, we
need to collaborate across the borders of aca-
demia, healthcare, policy-making and industry.

The partners behind this effort have come
together because we believe that putting our
knowledge to work can produce real change,
and that we need different perspectives and ex-
periences to achieve this.

I welcome you to join in this effort and invite
you to challenging and rewarding discussions at
Uppsala Health Summit 2018.

Anders Malmberg, Professor

Chairman of Uppsala Health Summit
Steering Committee

Deputy Vice-Chancellor of Uppsala University
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Relative Changes in Age-Standardized Cancer Incidence Rates in Both Sexes for All Cancers in 195 Countries or Territories From 2005 to 2015.

Data reflect both sexes for all cancers excluding non-melanoma skin cancer in 195 countries or territories from 2005 to 2015. Source: American
Medical Association, in JAMA Oncol. 2017; 3(4):524-548.

A year ago, in May 2017, the World Health Development, not only of healthcare sys-
Assembly adopted the historic ‘Cancer Reso- tems, but also of education, economies,
lution’. It is an acknowledgement of the fact infrastructures, etc. have all contributed to
that although prevention, notably life-style a general improvement in life expectancy.
prevention, continues to be important to Cancer is increasingly seen as a disease that
decrease the incidence of cancer, it is not we can survive and recover from if society can
enough to substantially reduce the burden of provide early access to diagnosis and treat-
the disease. ments. Compared to previous global policy

documents addressing the growing cancer
burden, the WHA resolution underlines the
need for access to diagnoses and treatments.



A global outlook on cancer epidemiology
Global cancer incidence is steadily increasing
and estimated to reach around 23 million new
cases in 2030, an increase of 66 % compared to
2012. The rate of increase is larger in low- and
middle-income countries mainly due to three
factors: a population increase especially in older
age groups, a faster decline in mortality from
other diseases and an increasing exposure to
tobacco in some populations.

A common estimate is that 30 % of cancer
deaths could be prevented by lifestyle-related
measures: addressing smoking, unhealthy diets
and sedentary lifestyles, and by offering vaccina-
tion for hepatitis and HPV-infections. There are
however still significant gaps in our knowledge
about effective strategies to change individual
lifestyle habits on a larger scale. Another threat
1s that we hitherto have seen a pattern where
smoking tends to increase under a transition
from low to medium income level and only
thereafter decline. In that perspective, very large
populations are now at risk of being more ex-
posed to smoking.

Cancer mortality is also increasing. The mor-
tality increase is disproportionate between

high- and low-income countries, and the risk a
cancer will be lethal is much higher in low- and
middle-income countries. This is not only due to
a higher incidence of cancers with a bad progno-
sis such as liver and oesophageal cancer in these
regions, but also to low access to care. In 2015,
less than 30 % of low-income countries reported
to the WHO that treatment services were gener-
ally available, compared to 90 % in high-income
countries. The cancer panorama is also chang-
ing in low- and middle-income countries from
mainly infectious-related cancers to cancers
associated with a westernized lifestyle.

Simultaneously, as a consequence of improved
diagnosis and treatment, we experience in-
creasing prevalence of cancer in most countries,
except in some poor regions, with an overrep-
resentation of African countries.

Children - encouraging results,

but a slow development

In high-income countries, over 80 % of children
with cancer now survive a cancer diagnosis.
However, over 80 % of the world’s children live
in low- or middle-income countries where out-

comes are considerably worse. In low-income
countries, education of parents in child health
and better care pathways could lead to more
effective treatment for large paediatric cancer
diagnoses where today readily affordable treat-
ments exist.

Despite the promising results from childhood
cancer care in rich countries, we still see few
resources devoted to research and development
for this group. Childhood cancer is a rare dis-
ease, representing only 2 percent of all cases and
thus the commercial potential for investments

in the field is limited. The development of new
treatments for children has predominantly to
rely on academic research with less financial
resources. Another obstacle is that the transition
of knowledge from adult cancer to children is far
too slow.

Advancements in diagnostics and therapies
An example of the changing biomedical innova-
tion ecosystem is the promising developments in
precision medicine. Sequencing technology has
opened up for more precise diagnostics, allow-
ing for early detection, even before symptoms
appear. Early access to treatment is critical for

a positive outcome. The development of rapid
gene sequencing, may therefore be one of the
technologies that can revolutionize cancer care,
also by designing individual therapies to treat
individual patients and their individual tumour.

Increasingly, cancers are classified according to
which genes are going wrong. Great hopes are
placed on the development of immune therapies
and cell therapies. The results have also been
remarkable for some conditions. In 2017, the
FDA for the first time approved a new treatment
based on a specific genetic indicator, instead of
where in the body the tumour was found, or the
tumour type'. That same year, the FDA also
approved the first two cell therapies, designed to
treat advanced lymphomas in adults and acute
lymphoblastic leukaemia in children.?

But while remarkable advancements have been
reported, there is simultaneously a disappoint-
ment with many therapies, that have not shown

I https://www.fda.gov/newsevents/newsroom/
pressannouncements/ucm560167.htm

2 https://www.cancer.gov/about-cancer/treatment/
research/car-t-cells



more than marginal effects. An evaluation of
EMA oncology approvals made during the
period 2009-2013, showed that the majority of
the cancer drugs approved had led to marginal
gains in survival or quality of life.?

The informed patient

Another rapidly growing global trend is patients’
access to and empowerment by information.
Healthcare systems are not yet fully adopted to
meet the well-informed patient and family, nor
to use the information and knowledge that pa-
tients and their kin can contribute with.

The informed patient is not ubiquitous, though.
Health literacy and other socioeconomic, as

well as cultural, factors influence how patients
perceive their role, need and will to have insights
and influence the treatment. Does the informed
patient have better access to available treat-
ments?

A widening gap

The globally increasing burden of discase im-
poses large demands on resources for prevention
and treatment on already strained health econ-
omies. The suggested World Bank Dusease Con-
trol Priorities in Developing Countries (DCP3 2016)
essential package of cost-effective and feasible
interventions would, if fully implemented, cost
13 % of total public spending on health in
low-income countries but would require an even
smaller proportion of the budget in high- and
middle-income countries.

The increased prevalence of cancer imposes
large demands on resources for rehabilitation,
management of side-effects, and treatment of
recurrences. However, these resources are even
more scarce than resources for primary treat-
ment. WHO reported in 2015 that globally only
14 % of all patients needing palliative care got it.

Costs for new therapies have risen to levels that
many healthcare providers, even in high-income
settings, find prohibitive. It is a seeming paradox
that improved survival in cancer leads to new
problems, paralleled by the rapid pace of inno-
vations in cancer management, creates a widen-
ing gap between what potentially can be done
for the individual patient and what is affordable.
The increasing gap between possibility and

3 Davis, C.; Gurpinar, E.; Pinto, A., BM]J
2017;359:74530

feasibility makes already difficult prioritizations
even harder.

A constant flow of new innovations raises ques-
tions as to who gets access to the new diagnostic
and treatments and at what pace. It has been
argued that our infrastructures for making in-
novations available are not adapted to the new
biomedical innovation ecosystem we live in, not
even in high-income countries. The value of
medical advancements is lost if patients cannot
access these therapies.

Differences in access and outcomes after cancer
treatment appear on all levels: global, region-
al and national. There is strong evidence that
socioeconomic group and gender strongly influ-
ences outcome following a cancer diagnosis.

While on one hand, we see a strong trend of
well-informed patients, empowered by infor-
mation on their diagnosis, and eager to be part
of a true dialogue and to participate in deci-
sion-making about interventions, large groups
still lack fundamental health literacy.

The development of genetic tools, and the surge
of data available to support healthcare deci-
sion-making, could presumably urge on equal
access to the best possible treatment in a given
socioeconomic context. But there are many
challenges to overcome, as to who shall own and
have access to which data; which patient groups
or which cancer diagnoses to prioritize in build-
ing biobanks and developing biomarkers, just to
mention a few.

In the light of patients’ growing awareness about
the increasing gap between possibilities and af-
fordability, the healthcare system must also be
prepared to explain and rationally motivate pri-
orities. Serious healthcare providers who provide
evidence-based services should not leave the field
open to unreliable actors.

National cancer plans

The WHA resolution urges member states to
develop, implement and finance national cancer
plans. These have long been strongly endorsed
internationally as central to comprehensive
cancer control, from primary prevention to
palliative care. 87 % of WHO member states
reported in 2015 that they had policy, strategy
or action plans for cancer, and 68 % reported



that these were operational. However, to achieve
an effective management of national cancer
issues, the strategy needs to be politically well
supported, adequately funded and based on an
understanding of current needs and shortfalls,
and on reliable estimates of future challenges.
One example from high-income settings such as
the Scandinavian countries and the UK show-
ing the importance of data, is that reliable data
substantiating over-long waiting times for cancer
care and socioeconomic differences in outcome
after treatment led to strengthening of cancer
plans.

Uppsala Health Summit 2018

— Care for Cancer!

When Uppsala Health Summit convenes in
2018, our goal is to launch open and frank dia-
logues on how we can nurture and take advan-
tage of the latest opportunities created by re-
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search and innovation, paving the way for even
more patients to benefit from these advances,
and for a more equitable access to the best possi-
ble diagnosis, treatment and care.

In eight different workshops, we will focus on
particular challenges in driving cancer care
forward. The workshops will focus on issues that
are common to any kind of cancer diagnosis,
and conclusions will benefit the general settings
for cancer care globally.

It is our belief that the conclusions from Uppsala
Health Summit can provide valuable input for
the national cancer plans called for in the WHA
resolution from 2017 and will inspire further
collaborations. It would be a great loss if we
close the widening gap between medical possi-
bilities and feasible care plans by slowing down
the pace of innovations coming from academia
or industry.
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Workshop

Precision Medicine in
Cancer Care

Lucia Cavelier, Uppsala University, SciLifeLab and Department of Immunology, Genetics

and Pathology

Gunilla Enblad, Uppsala University, Department of Immunology, Genetics and Pathology
Deborah Mascalzoni, Uppsala University, Centre for Research Ethics & Bioethics

Aristidis Moustakas*, Uppsala University, Department of Medical Biochemistry and Microbiology

Johan Rung, Uppsala University, SciLifeLab and Department of Immunology, Genetics

and Pathology

Carolina Wahlby, Uppsala University, SciLifeLab and Department of Information Technology

* aris.moustakas@imbim.uu.se

Precision medicine aims at “matching the
proper medical treatment to the right pa-
tient”. Cancer perfectly exemplifies the mod-
ern trend of precision medicine because, even
within a single patient’s body, tumours may
exhibit diverse properties that often compli-
cate efficient treatment. A simple question
presented to a cancer patient today: “What

is your expectation of your oncology clinic?”
is often met with this honest reply: “Take a
sample from my tumour (or even better from
my blood), test it for the best possible drug
and get back to me with that drug as fast as
possible”! Simultaneously, a second question
is often asked: “May we take all the data we
collect from you and share it world-wide,

so that treatment of future patients may be
improved?” This down-to-earth conversation
captures the deeper challenge that precision
medicine in cancer faces today. In short, per-
sonalized medicine can be summarized in con-
crete action points: match the right treatment
with the right patient, minimize side-effects of
compounds and enable the caring community
to improve the design of new treatments and
drugs.

Workshop aims

Genomic medicine (or tumour classification
based on digital image analysis) generates
large data-sets containing sensitive informa-

tion. To provide standardized and optimized
decision algorithms in real-time to the treating
doctor, genetic profiles are ideally correlated
to cancer phenotypes, such as digital tumour
images, disease and treatment outcomes

and other informative clinical parameters.
Generating knowledge networks requires the
sharing of data between hospitals, clinicians,
academic researchers and industrial partners.
Implementation of existing regulations cov-
ering legal aspects, security and protection
of patient data and ethical standards is a key
aspect in the formation and function of such
networks.

The workshop aims at:

1. Generating a checklist for a critical mini-
mum of the types of data that should be
stored and shared, in order to facilitate
their use to tailor the decision toward best
treatment in real-time and for future devel-
opments.

2. |dentifying major legal and ethical obstacles
currently limiting data sharing, and then
clarifying how these can be overcome in or-
der to implement the necessary changes in
national healthcare systems. Precision med-
icine can then become a part of routine
cancer care and stimulate the development
of new therapies and diagnostics.



Precision medicine: a paradigm shift in
how we treat cancer

By analysing individual patient susceptibility to
cancer development and sensitivity or resistance
to therapy, modern genomic sciences rapidly
screen the genome of tumours in an individual,
identify genetic alterations, and classify this indi-
vidual using databases and algorithms of cancer
type and subtype. The power of modern DNA
sequencing is based on high accuracy and rapid
delivery of results. The technology is robotized,
costs have decreased and the speed of data anal-
ysis has picked up. The challenges associated
with the need to process large sample numbers
at once mean that traditional research laborato-
ries, or oncology clinics, are lagging behind in
both infrastructure and I'T-capacity.

As new technologies evolve rapidly, their imple-
mentation presents challenges that must be dealt
with. These include managerial aspects of han-
dling the large amount of data generated, the
means by which the information circulates be-
tween oncologists and patients and through na-
tional/international databases. The shift in clin-
ical practice, needed to support the application
of precision medicine, poses ethical and financial
problems. Strong computational coupling of all
players in the care provision chain is necessary
and this requires the implementation of all the
relevant technological developments. Effective
use of such computational coupling needs to
become part of the simple “daily practice” of the
modern oncology department.

PHOTO CREDITS: © PREAETORIANPHOTO.

New competencies needed in healthcare
The interpreter of the precision technology data
in the oncology department is ultimately the
clinician; who is now asked to collaborate with
specialists performing the sophisticated I'T-based
analyses and yet continue to deliver traditional,
simple and concrete diagnostic or consulting
services to their patients. In other words, the
precision medicine revolution will succeed only
when new tools of operation become widespread
and routine, and this obviously will involve a
new generation of medical professionals who are
familiar with both medical and I'T language. We
may see new workflows where data processing
and management require a lot more attention
than today, and new structures for the clini-

cal workforce, with bioinformaticians in more
prominent roles, bridging the gap between med-
ical professionals and I'T experts.

Concrete examples of how today’s oncology de-
partments are reorganizing to face the precision
medicine evolution can be found in new national
initiatives. For example, Genomics England Ltd
and Genomic Medicine Sweden are building
the infrastructure and communication lines dis-
cussed above. Multinational operations, support-
ed by the European Union, coordinate several
major oncology departments, with the aim to
implement the new models of multicentre iden-
tity that facilitate communication, data sharing
and effectiveness in patient treatment based on
the most up-to-date technological advances.



pro-active in expanding their precision medicine
initiatives. While industrial use of the advance-
ments in precision oncology for developing more
Laws and efficient diagnostics and treatments is a positive

ethics thing, uncertainties remain concerning the con-
ditions for access to genomic data.

PRECISION

MEDICINE At the same time, the integrity and privacy
rights of the patient have to be safeguarded, and

informed consent for data use has to be given
or revoked by the patient clearly and unambig-
uously. Such stringent information handling,
Bio- and the secure storage, transfer and archiving of
e e patient data all require new IT infrastructures
and processes that may be far from what are

available today in hospitals around the world.

A legal framework of agreements and contracts
Precision medicine in cancer demands implementation at a global level via between organizations, regulatlng data sharlng
cooperation and open communication between the patient-oncologist unit, the
precision research units, the IT security expert panels and the international legal unit.
A current challenge in such implementation maximizing efficiency in the overlaps and
communication between these principal actors.

and management, must be implemented.

Implementing precision medicine in cancer

10

A top example is Cancer Core Europe, a consor-
tium of six Comprehensive Cancer Centres'.

Strategic aspects of infrastructure
development

To understand how the biology of an individual
affects their medical state, we need reference
data with as much detail as possible about the
biological variation between humans, and the
assoclated manifestations of cancer. Ideally, we
need longitudinal data, with the medical histo-
ry and observed medical data before and after
different treatments, for patients with different
genetic setups. The more detail we have in our
reference data, the better we will be able to
interpret new medical data from an individual
and predict optimal treatment. Therefore, to
reach the impact promised by precision medicine, we need
to enable the collection and integration of medical and
biological data across borders, through the responsible
sharing of data between researchers and clinicians. To
drive innovation in diagnostics and therapy, it
1s also important to enable data sharing with
industry. Major pharmaceutical actors are today

I Cambridge Cancer Centre, the German Cancer
Research Centre (DKFZ) and the National Centre
for Tumour Diseases (NC'T') in Heidelberg, the Val
d’Hebron Institute of Oncology in Barcelona, the
Karolinska Institute in Stockholm, Gustave Roussy
Cancer Campus Grand Paris, and the National
Cancer Institute (NKI) in Amsterdam.

care, meeting the challenges of complex
data and strategies for data sharing

The clinical interpretation necessary for cancer
care must link the molecular characteristics

of an individual patient with data from many
other patients, ideally in real-time. Although
current clinical practice takes into account only
a few actionable genetic markers in reaching
clinical decisions, the future challenge is to be
able to integrate the correlations between mo-
lecular phenotypes and clinical outcomes into
decision-making. As more complex analysis in-
evitably develops, incorporating whole genome/
transcriptome information into cancer risk pre-
diction, there will be a growing need for more
unbiased processing of large data-sets.

The current practice and immediate future plan
is the expansion of large data depositories in su-
per-computer hubs nationally and international-
ly. Communication and sharing of data between
these hubs is of utmost importance. This is easy
to state but not so easy to achieve when one
considers: a) the perspective of the oncologist
needing to access multiple databases; b) the can-
cer patient wanting to access their own data and
protect them legally from unnecessary use or
even unanticipated cyber-threats; c) the organ-
1zed health system wishing to generate informed
statistical and policy-driving analyses to inform
the general public; and d) the pharmaceutical
industry wanting to generate new therapy proto-
cols based on the data.



When it comes to genomic data, the patient is
the legal owner according to established interna-
tional regulations. The same regulations apply
to academic and industrial research units. In
Europe, the General Data Protection Regula-
tion (GDPR) gives member countries a unified
legal framework and regulates data sharing with
non-EU countries. GDPR does not allow data
sharing with such countries unless their data
protection laws are considered strong enough.
For example, the Privacy Shield program regis-
ters US organizations deemed to fulfil these data
protection criteria set by the EU.

The ongoing centralization of legal authorities
and organizations that govern the deposition
and sharing of large data-sets needs to coincide
with the training of new experts who can work
at the interface of law, I'T" and research, in order
for the desired goal of data sharing and interna-
tionalized communication to be applied effec-
tively at every oncology department.

Precision medicine - a technology for all?
Children

The challenge of oncology for children also
transcends the technological world: far fewer
tumour tissue samples are available which neces-
sitates the use of international biobanks. Natio-
nal approaches, such as Genomics England Ltd
and Genomic Medicine Sweden, offer concrete
proposals on this front.

Some global dilemmas

» Aslong as we collect data and tumour tissue
from a mainly western/northern population,
our knowledge data library will not cover the
cancer diseases that are more common in low-
and middle-income countries (LMIC).

¢ Identifying ways of sharing data and collab-
orating on data analysis is critical for also
opening up the opportunities in precision
medicine for cancer patients in LMIC, as the
establishment of necessary infrastructures will
take time to develop in a sustainable way.

* We cannot expect all regions to be ready to
take the step into precision medicine before
there is a legislative and regulatory infrastruc-
ture in place that can provide surveillance and
protect patient integrity.

Digital image processing makes it possible to combine markers for protein expression in
stomach cancer, and the resulting image information can function as input to an Al system
for recognizing pathologies. Data collected by Carla Oliveira et al, IPATMUP/i3S, Portugal,
digital image processing by C. Wahlby et al, Uppsala University.

This new world in precision oncology aspires
to guarantee a much higher security level and
a better service level for the patient: the corner-
stones of data generation within this field. This
workshop intends to map out the opportunities
for and obstacles against achieving this on a
global scale.
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Workshop

Global Biobanking

Erik Bongcam Rudloff*, Swedish University of Agricultural Science, Department of Animal Breeding and Genetics,
Bioinformatics
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Department of Animal Breeding and Genetics, Bioinformatics

* erik.bongcam@slu.se

To improve cancer care in low- and middle- Workshop aims

income countries (LMICs), it is important e Develop ideas on how to embed biobank-
that biobanks are embedded throughout the ing within the landscape of clinical services
healthcare system, providing fine-grained data and encourage collaboration across disci-
and guidance for precision medicine. Currently plines.

such data is sparse and much information is ¢ |dentify long-term funding opportunities to
lost from LMICs as there is a lack of capacity bring biobanks in LMICs into international
to aggregate and analyse data in such a way collaborations.

that it can be shared at a national, regional ¢ Find mechanisms for strengthening local
and global level. control over samples and data while

encouraging international collaboration.



By understanding the molecular mechanisms

of cancer and why it occurs, we can improve

the precision of medical care and deploy more
efficient diagnostics, treatments and preventive
measures against it. Ten years ago, Time Mag-
azine recognized the potential of biobanks to
achieve these objectives and listed them as one
of the top 10 ideas changing the world. Since
then, significant investments have been made to
establish biobanks and improve existing ones,
enabling precision medicine to be merged with
high-throughput omics technologies. As a result,
new tools for healthcare, such as the STHLMS3
test which identifies 20 % more aggressive pros-
tate cancers and halves the number of biopsies
necessary to diagnose prostate cancer, are mak-
ing their way into the healthcare system. By
providing the infrastructure necessary to handle
the samples and time scales necessary for the
development of new products and verifying their
value in clinical trials, biobanks are an impor-
tant partner of the industry and the healthcare
system.

Certain regions have emerged as of special in-
terest to the global research community. Iceland,
with its carefully kept family records spanning

a full millennium, and Finland, with its recent
genetic bottleneck followed by rapid population
growth, are two such examples where small pop-

r
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ulations and detailed population records make it
possible to understand small but important ge-
netic variations within a relatively homogenous
population.

For cancer research and healthcare, LMICs of-
fer many significant areas of interest. Africa, as
the ancestral home of our species, offers unique
opportunities as its unparalleled genetic vari-
ation provides a unique insight into the many
variations of cancer and genotype-phenotype
connections. LMICs in other regions such as
South America also offer important insights

as their colonial history provides a mixture of
African variation with ancestry from the small
population(s) that left Africa some hundred thou-
sand years ago, creating a fascinating mixture
of high and low linkage disequilibrium between
genes. In addition to genetic factors, LMICs are
exposed to distinct environmental and lifestyle
factors and have a high burden of infectious
diseases that contribute significantly to cancer
development.

Strengthening the biobanking capacity of
LMICs across the globe is also a matter of na-
tional interest in these countries. Improving
living standards means that the cancer incidence
rate is growing rapidly in LMICs as other, more
casily treated, causes of death are prevented.

13
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Improved diagnostics and new cancer treat-
ments significantly improve the quality of life
and also provide long-term economic benefits

as the average number of productive years
increases with increased longevity. Cancer is
however an extremely burdensome disease both
for the healthcare system and sufferers. Patients
remain under care for long periods and require
continuous monitoring by doctors to optimize
the treatment regime, meaning that also high-in-
come countries are struggling to handle the ev-
er-increasing healthcare costs. In LMICs, where
resources are limited, there is great benefit

from developing cancer prevention and control
programmes. Biobanks play a key role in this
research as they provide results and the evidence
to develop effective prevention programmes in
these settings.

Precision medicine refers to the tailoring of
medical treatment to the individual character-
istics of each patient by classifying them into

ONE PLATFORM FOR MANY DISCIPLINES
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Figure 1. Example of an image illustrating the complex interactions of a biobank.
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subgroups likely to respond favourably to dif-
ferent treatments and is seen as one of the most
promising ways to improve cancer treatment.
Just as blood typing is a prerequisite for blood
transfusions, a similar approach can be taken to
optimizing treatment regimens for cancer. Pre-
cision medicine is however highly dependent on
large-scale biologic databases, powerful omics
methods for characterizing patients and compu-
tational tools for characterizing disease profiles
and the populations suffering from them'.

Even with a more traditional “blockbuster”
approach, it has been realized that many drugs
and treatments may require revisions between
different populations®. With precision medicine,
this need for local adaptions becomes even more
vital to the development of effective treatments
and the establishment of biobanks and research
infrastructures for the characterization of
populations as well as of their ailments will be
necessary to provide modern healthcare in the
coming years.

Building the biobanks we need

Medical and research biobanks are complex
operational entities that must be embedded
within the healthcare infrastructure and aligned
with local research capacity®. Healthcare staff
must be trained to obtain consent, quickly sta-
bilize samples when they are extracted, process
samples and transfer them to a suitable location
for long-term storage. From a technical perspec-
tive, it is important that biobank operations are
supported by a robust and comprehensive data
management platform. Medical professionals,
molecular biologists, bioinformaticians and
computer scientists are all specialists vital to the
large-scale research projects enabled by bio-
banks and must all be able to access study data
(Figure 1). For daily operations, it is also impor-
tant that samples can be tracked throughout
the process and that sensitive personal data are
tracked, updated and, if necessary, deleted from
the system when requested. Establishing such
an infrastructure requires a significant upfront
investment and there are usually several years

I Collins and Varmus, 2015.
2 Dandara et al., 2014.
3 Klingstrém et al., 2016.



between when a project is initiated and when the
first impact can be assessed.

In LMICs, there are several factors that prevent
governments from committing funding for long-
term biomedical research infrastructures. This
disadvantage has resulted in an ethically doubt-
ful practice, referred to as “helicopter research”,
where researchers from high-income countries
arrive, collect and leave. As a consequence, there
1s no consistent quality control over the entire
research process and follow-up studies become
hard or impossible to carry out as no sustainable
infrastructure is created. Another destructive
outcome from this practice is the growing re-
luctance from LMICs to share data and bio-re-
sources. Mandatory consent forms are becoming
increasingly restrictive with regards to how sam-
ples or data may be transferred or used for mul-
tiple purposes. As a result, biomedical research
international collaborations can be negatively
affected and consequently, new discoveries to
improve human health are delayed.

International cooperation, investments and
co-funding, are necessary to empower research
capacity building in LMICs. Without control
over data and the ability to analyse it, increased
restrictions for sharing are a natural response

as countries struggle to avoid exploitation where
valuable data leave the country and generate
innovations that are then sold back, at a high
price, to the countries that made them possible.
Empowering local research institutions allows
countries to better assess the benefits, as well

as the risks of international collaboration, and
thereby limits the need for general restrictions
against sharing and collaboration. This increas-
es and enables collaboration while limiting the
risk of nationally important research projects
being completed outside the country without
returning any tangible benefits to the national
healthcare system. Longitudinal studies could be
carried out in those countries as well as monitor-
ing of sample donors and improvement of quali-
ty of the research process. Empowering research
capacity building in LMICs will also contribute
to building trust and stimulating global biobank-
ing and global research collaboration.

Initiatives such as the Human Heredity and
Health in Africa (H3Africa) initiative, Bridging
Biobanking and Biomedical Research Across

Europe and Africa (B3Africa) and Biobank and
Cohort Building Network (BCNet) are therefore
important contributions to global research as
well as the implementation of national cancer
care. The projects provide access to funding and
training for healthcare staff and researchers that
are necessary for the implementation of National
Cancer Control Programmes while also bring-
ing together stakeholders for the development of
regulatory frameworks regarding the manage-
ment of samples and associated data.

Current status of biobanks in LMICs
Biobanking is dominated by the West even

if other regions, especially Asia Pacific, are
rapidly gaining ground*. In South America,
many countries have a relatively high number
of medical professionals per capita compared to
other LMIC regions but lack the biobanks and
modern infrastructure to run large-scale bio-
bank-based research projects®. In comparison,
Africa, despite its genomic significance on a
global scale, is severely underdeveloped 1in re-
spect to healthcare as well as research capacity.
Investments in several flagship institutions for
biobanking by the H3Africa project and capaci-
ty building by BCNet® and the Pan African Bio-
informatics Network for H3Africa (H3Abionet)
are however rapidly expanding the capacity of
biobanks and associated research on the conti-
nent.

The way forward for biobanking

To advance biobanks in LMICis, it is necessary
to combine political initiatives, establish flagship
institutions and promote bottom-up initiatives
where dedicated researchers and hospital staff
are given the opportunity to increase research
capacity and engage in translational medicine
based on their own initiatives and needs.

The B3Africa project has developed an infor-
matics platform that significantly reduces the
technical complexity and costs of establishing a
biobank’.

4 Astrin and Betsou, 2016.
5 Hernandez-de-Diego et al., 2017.

6 Mendy M, Caboux E, Sylla BS, Dillner J, Chin-
quee J, Wild C., 2016.

7 Klingstrom et al., 2016.
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Helicopter research: Project-driven funding in combination with weak local
research capacity means that collaborations often take the form of sampling
with both samples and research results leaving the area.
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HELICOPTER RESEARCH

Combined with training from BCNet, H3ABio-
net and the establishment of flagship institutions®
by the H3Africa project, this means that many
of the key components necessary for the estab-
lishment of widespread biobank operations are
now available in Africa. There is also a grow-
ing availability of highly trained researchers
committed to the cause of building research
infrastructure and distributing funding based

on local needs rather than international aid pro-

jects®. To capitalize on this favourable situation,

it is therefore important to get initiatives going
that help to capture key talents and justify future
investments in the sector. More specifically there
is a need of:

 Applied projects that build infrastructure,
train staff and can form the basis of future
biobanks.

* Sustainable funding that must be available
and scaled up as the infrastructure improves.

* Collaborative models between high-income
and LMIC countries that must be developed
where results and not people are being exploit-
ed.

+ Cutting-edge technologies transfer to LMICs
where relevant studies are carried out to guar-
antee the same level of participation and bene-
fit from research outcomes.

There is a lack of trust and in many LMICs
there is a feeling that valuable samples often
leave the country and that results then generated

8 Douglass, 2014.

9 The Alliance for Accelerating Excellence in Scien-
ce in Africa (AESA).

FLAGSHIP INSTITUTIONS

Flagship institutions: Flagship institutions are established but geographic
coverage is poor and the ability to analyse samples and interpret results is
still limited. Meaning that local benefits are limited.

from them are sold back at a high price. As a re-
sponse, regulatory barriers towards sharing have
been built which deprive the world of valuable
genetic information and LMICs lose a valuable
opportunity to achieve funding for the estab-
lishment of national research infrastructures for
translational medicine and cancer care.

With increased availability of technical infra-
structure and trained professionals, this is an
excellent time to build up infrastructures that
serve as bridges between continents. There have
never been more researchers available to combat
cancer across the globe and national govern-
ments recognize the importance of international
collaboration, even if patience is limited after
previous failures. Building projects based on
mutual interest is therefore not only feasible but
a strategic priority for high-income countries. By
strengthening local researchers in LMICs, logis-
tics chains become shorter, cheaper and with
advanced local analysis capacity, the cost-benefit
ratio of new projects is significantly improved.
At the same time, tapping in to the vast genetic
resources available in LMICs not only im-
proves their local healthcare but can also help
high-income countries to better understand the
molecular mechanisms of cancer for the further
development of their own national cancer plans
and the repositioning of drugs for improved
treatments.



DESIRED SITUATION

Desired situation: Biobanks are embedded throughout the healthcare system
providing fine-grained data and guidance for precision medicine. Data are
analysed locally but also aggregated and shared at a national, regional and

global level.
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In the last twenty years, as a consequence
of considerable research activity, science has
made rapid progress in the field of cancer
research. This has resulted in many new ap-
proved treatment options along with count-
less other products which are currently in
development.

Some of these new products can provide sig-
nificant clinical improvements to the available
alternative, others perhaps offer only limited
additional value. However, the true additional
clinical benefits of a new drug can be difficult
to judge from early clinical trials and may not
be established until after years on the market.
This process will require long-term follow-up
including patient-reported outcomes.

The cost of new treatments is often substan-
tial and the bodies responsible for payment
and reimbursement have to make difficult
choices that restrict patients’ access to these

new drugs. This raises important questions for

all stakeholders.

Main focus areas

Our goal is a more balanced understanding of

the true clinical value and fair price-setting of

new cancer drugs. We aim to initiate discus-

sions about:

¢ the appreciation of a lifecycle perspective
to achieve a more comprehensive, dy-
namic, balanced, sustainable, and know-
ledge-based foundation for the continuous
evaluation of the true clinical value (bene-
fits-risks) and as a base for prioritization,
health-economy evaluations, and price-set-
ting at a certain time-point post marketing.

e the potential implications of a lifecycle
perspective for the formal decisions and
communication (“information package”) of
marketing approvals by the authorities as
well as the potential implications for other
stakeholders.

e sustainable models for price-setting which
reward continuous monitoring and gather-
ing of knowledge.



Cancer - a major threat to population
health worldwide

Globally, cancer is the second leading cause of
death, being responsible for nearly one in every
six deaths"?. Late-stage presentation and inac-
cessible diagnosis and treatment are common.
In 2015, only one in three low-income countries
reported having diagnostic and treatment servi-
ces generally available in the public sector®. The
economic impact of cancer is significant and is
increasing. Its total annual economic cost world-
wide in 2010 was estimated at US$ 2.5 trillion
including costs for diagnosis and treatment and
productivity lost due to the consequences of the
disease*.

The trend towards more tumour-specific
drugs

Progress in molecular medicine has led to grea-
ter understanding of how cancer evolves, how
cancer cells are characterized by, for example,
defects in DNA repair mechanisms or with re-
spect to cellular signal transduction pathways
(hormonal, growth factors, immunological).
Accumulating understanding of cancer patho-
physiology has also led to new approaches to the

I Ferlay J, Soerjomataram I, Ervik M, Dikshit R,
Eser S, Mathers C et al.

2 International Agency for Research on Cancer,
TIARC.

3 World Health Organisation, Cancer, Fact sheet, 2017.

4 International Agency for Research on Cancer,
IARC.
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design of new cancer drugs and the development
of such drugs is moving faster than ever. A large
proportion of drug development today is allo-
cated to cancer drugs. Among US biotech com-
panies, half focus on cancer and in 2015 more
than 800 new cancer agents were said to be

in development®. The trend is that new cancer
drugs are often designed for very tumour-speci-
fic characteristics (e.g. immunological, genetic,
etc.) leading to limited indications aimed at
smaller patient subpopulations within a certain
cancer form. In some cancer forms, where stan-
dard treatment is ineffective, the great demands
for new options give some of these drugs higher
priority (“fast track”) by the authorities in the
regulatory process.

How can new improved therapeutic options
become available to all those who would
benefit?

The development of newer and potentially more
effective cancer drugs has for some cancer forms
improved the therapeutic options. However,
these drugs are not even available in high-in-
come countries for all who might benefit from
them because of high prices and limited health-
care resources. These circumstances put increas-
ing demands on healthcare systems to prioritize
between the available treatments and indications
in order to get maximum benefit for their limited
resources.

5 Jénsson, B., Persson, U., Wilking, N.
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REMOVAL OF PRODUCT?

Life cycle of a new pharmaceutical drug

REMOVAL OF PRODUCT FROM MARKET PRE-CLINICAL STUDIES
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Fig. 1.
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The regulation of health products, e.g. cancer
drugs, is a critical component of every country’s
public health system and ensures that high-qual-
ity, safe, and effective products reach those who
need them most as fast as possible. However,
regulatory systems can differ between regions of
the same country, both in terms of the models
applied and their capacity to assess and monitor
drugs. The models to allocate priority to certain
cancer drugs/treatments but not others also dif-
fer between healthcare systems all over the world
and are more or less developed globally®. Thus,
enabling platforms for collaboration and har-
monization of these processes and transferring
knowledge between regulatory authorities in dif-
ferent countries would be one of several actions
which could challenge these differences.

Adopting a lifecycle perspective towards
new cancer drugs

Drug development is a difficult and time-
consuming process often taking up to 10 to 15
years and combining both great potential with
significant risk. The investment required for
individual drug development is high and only a
fraction of the compounds in preclinical testing
ever make it to clinical trials and approval for
patient use. When marketing approval for a drug
is given by the authorities, the decision, based
on the product documentation, is made from a
balanced consideration of the benefits and risks.
However, the true magnitude of the effect of a

6 World Health Organisation, Towards Access 2030,
2017.

new drug is often uncertain at the time of mar-
keting approval. One reason is that the clinical
documentation in the application for marketing
approval is sometimes based on studies with
rather small numbers of patients, and often with
a short-time follow-up (so-called phase-2 studies).
Although there are outcomes in the registration
files that give the authorities useful predictions of
potential benefits of a new drug, many data are
still associated with a high degree of uncertain-
ty. Another reason is that the preconditions for
using a drug in routine clinical practice differ to
those in a clinical trial. Many perspectives, e.g.
patient selection, age, stage of the disease, con-
comitant diseases, etc., may change when a new
drug takes the step from clinical trial into clini-
cal routine. These factors have quite an impor-
tant influence on the outcome of both effects and
side-effects of a drug. Thus, the clinical value

of a new drug is uncertain and not fully deter-
mined at the time of approval, not at least with
respect to long-term data on effect, side-effects
and especially as a basis for health-economic
considerations. The knowledge of the clinical
value of a drug evolves continuously during

its lifecycle (Fig. 1). Thus, there is still much to
do in order to develop a process of continuous
collection of knowledge for the understanding
of the true, short- and long-term clinical value
of new cancer drugs. This is important from
many perspectives, from the patient’s view (e.g.
improved measurements and collections of life
quality data) as well as from the view of society
(e.g. firmer ground for health-economic evalu-
ation compared to already existing treatments
and for price-setting and negotiations).

Thus, when the level of knowledge of a drug at
a certain time during its lifecycle is known, then
the willingness to pay (the buyer’s perspective)
for the product can be based on much firmer
grounds.

Fair price-setting for all stakeholders

New possibilities to cure, or at least delay,
cancer have been presented frequently during
the last decade and often take the form of new
pharmaceutical drugs or a new combination

of drugs. The pharmaceutical industry claims
that the high price-setting of many new drugs is
motivated by high development costs. However,
if new medicines and health products are to be
used to optimal effect, they must be available

at affordable prices. The price paid for new



products (as well as existing ones) must be fair
to all — affordable in different countries yet suffi-
cient to ensure a sustainable industry to produce
them. Establishing fair and transparent pricing
models valid during the lifecycle of a drug is
thus an urgent priority. New drugs, including
cancer drugs, get their marketing approval at a
time point where the effect and safety documen-
tation is limited and partly uncertain, especially
with respect to long-term results. It is therefore
important to find fair pricing models, taking a
lifecycle perspective into account, to share the
financial risks between stakeholders (producers
and vendors; buyers and payers).

Determining the true clinical value.

Can new options be created that enable
continuous collection of evidence after
marketing approval?

This workshop will involve the participants

in suggesting feasible strategies for allocating
priority to certain drugs/treatments and estab-
lishing models for monitoring healthcare out-
comes of new cancer drugs. This will be done
in the context of an imaginary country (e.g. an
OECD-country) with established authorities.

According to which principles should stakehold-
ers (producers and vendors; buyers and payers)
in healthcare make new, promising cancer drugs
available and affordable for those patients where
the effect is optimal?

What options are there to include a lifecycle
perspective for all stakeholders to accumulate
knowledge of a drug post marketing and not
only focus on marketing approval per se, and
what will it take?

What are the prerequisites for sustainable mod-
els for price-setting and financial risk-sharing
between stakeholders (producers and vendors;
buyers and payers)? The more we know about
a drug’s benefits and risks (clinical value), the
more precisely we can find acceptable models
for price-setting and willingness to pay at cer-
tain time-points of knowledge post marketing
approval. Is it possible to allocate priority to
certain cancer drugs/treatments but not to other
cancer drugs?

How should new cancer drugs be monitored
with respect to real-life data after their introduc-
tion into healthcare routines? It is complicated

for practical reasons and often impossible from
an ethical perspective to perform traditional
randomized controlled trials (RCTs) of a certain
drug post marketing approval. But then, what
are the alternative strategies for obtaining data
for the true clinical value based on scientific
methodology? Can data from, for example, a
quality register or computerized medical records
help us to assess the true clinical value of new
drugs? Is the essence of what a market access
decision covers well understood by patients and
healthcare? Or is there a risk of misinterpre-
tation or misunderstanding? Is inclusion and
consideration respectively, of data from patients’
experienced value of the therapy and the life
quality it provided, compulsory in the back-
ground documentation for the determination of
the clinical value of specific new cancer drugs?
How should we consider the perspectives of chil-
dren and older people respectively in order to
achieve information on, for example, the influ-
ence of age-specific factors of life quality, toler-
ance and safety of a specific new cancer drug?

When a new, potentially effective cancer drug
appears in clinical routines, some years from
now, how shall we manage a controlled intro-
duction for access, use and follow-up in order

to assess the true clinical value of the drug?
How acceptable are such measures to different
stakeholders such as regulators and ministries of
health, medical practitioners, consumers, and
pharmaceutical industries?

There is obviously a demand for international
and stakeholder interactive activities to meet the
challenges of all aspects of cancer disease ther-
apies in the future. Do we have the platforms,
national and international, for these types of
interactive discussions between different stake-
holders?
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The number of long-term cancer survivors is
steadily increasing primarily in high-income
countries, with the arrival and increased use
of successful treatments. A similar increase is
projected globally in low- and middle-income
countries alongside the steady improvements
and developments taking place in healthcare
systems, where increasing attention is given to
non-communicable diseases.

Survival rates increased rapidly in the 1970s
and 80s, due to improvements such as novel
intensive treatment regimens, better support-
ive care, and adequate risk-group-adapted
treatment and clinical organization.

Earlier, just being alive was previously an ade-
quate source of contentment for both cancer
survivors and the healthcare professionals who
had treated them. However, with the develop-
ment of more successful treatment methods,
increasing numbers of survivors, and with this
“new normal” where more patient groups are
expected to be cured, this attitude is increas-
ingly being replaced by the understanding
that mere disease cure is not enough. Ex-
cancer patients expect and demand the op-
portunity to live as full and rich a life as pos-
sible. Cumbersome long-term or late side-ef-

fects, such as secondary tumours, infertility,
cardiac and neuropsychiatric toxicity limit their
ability to do so. These issues are now rightly
receiving more attention.

Desired outcomes from the workshop

e Guidance regarding the creation of national
cancer plans globally to include systems
for long-term follow-up of cancer, building
on existing experiences and guidelines for
young cancer survivors

¢ Guidance on development of sustainable
post-cancer knowledge centres or systems
whether virtual or real, adaptable to local
context; defining reasonable minimum ele-
ments required for their establishment

Taking into consideration:

e limited resources in most settings; guidance
on prioritization,

e good patient engagement practices,

¢ the need for effective detection of both
known and hitherto unknown late side-
effects of treatment to allow improved
treatment and potentially prevention,

e variable health literacy among patients:
not every patient can be expected to be
their own strong and responsible advocate.



A paradigm shift in our perception of
cancer could be imminent

With rapid development of targeted drugs and
other modern treatment modalities on the hori-
zon, a true paradigm shift in the perception of
cancer diseases appears to be within reach. If
new drugs continue to deliver improved levels
of disease-free survival, we may in the future be
able to compare development in the cancer field
as a whole with the HIV epidemic before and
after the arrival of antiretrovirals, or with renal
failure before and after the emergence of dialysis
and renal transplants. Zero or low long-term
survival rates could be replaced by a situation
where most cancer patients survive and live long
and healthy lives. Managing and minimizing
the long-term side-effects of treatments, again
when mere survival is not enough to satisfy us, 1s
becoming an important focus for the future.

How do we globally move towards this goal of
post-cancer life being as healthy and fulfilling
as possible? What best practice can we all learn
from and what are the most important issues to
tackle?

PHOTO CREDITS: © ISTOCK/OLASER

Detection—Treatment—Life

The uneasy transition from oncology to
other levels of healthcare for the ex-patient
A young male patient has completed his gruel-
ling treatment for cancer. He is cured. He has
started to adjust following an excruciatingly
overwhelming period of his life where every

day has been meticulously controlled according
to some carefully crafted plan. The staff at the
oncology unit have been his and his family’s
close allies for months or years. The oncology
follow-up is over and he is waved off to live the
rest of his life. After initial adjustments, he starts
believing in a normal future. A bright future lies
ahead. Everything is over. Or 1s it?

Our patient may have received some informa-
tion from his oncologist on the need for future
handling of remaining post-treatment side-
effects or on the potential risk for new cancers.
He may have joined an online support groups of
more or less informed co-patients.
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The gap is enormous between immediate hand-
ling of the disease which the oncologist with
other specialized staff are well equipped to do,
and what comes after this period.

Gaps in the knowledge of the
non-oncologist

When a health problem arises later in a patient’s
life, he may, depending on its nature, not neces-
sarily seek the aid of his oncologist, as he may
not suspect a connection with previous treat-
ment. The non-oncology part of the healthcare
system, e.g. primary healthcare professionals,
will probably lack essential knowledge and in-
sight into the possibility of a causal relationship
with previous cancer treatment. This may lead
to unnecessary delays in correct diagnosis and
treatment or even a lack of adequate treatment.

The patient’s doctor, a general practitioner (GP),
may or may not have been handed information
on the treatment from the treating oncologist,

a treatment she may only be vaguely familiar
with. There may be some suggestions for future
need for further long-term follow-up, whether or
not available. She may have had no training of
common or rare drug-induced long-term health
problems and since she would only rarely meet
such patients, it would be difficult for her to dis-
cern iatrogenic from idiopathic health problems,
which may require very different treatments to
be successfully handled.

In essence, primary and secondary care pro-
fessionals usually lack experience in delivering
effective aftercare to cancer patients. In the best-
case scenario, non-oncology healthcare profes-
sionals may have had some training on diagnos-
ing and managing cancer patients early in their
careers, but as knowledge evolves over time and,
as skills and knowledge not constantly practised
will obviously wane, the management of these
patients may not be optimal even with otherwise
skilled non-oncologists.

One must also realize that not all patients and
settings are equipped to manage larger parts of
their own care to an extent that is sometimes
optimistically projected. Different solutions for
different situations must be considered.

Whose responsibility is it to identify survivors’
health issues as potentially late effects of a pre-
viously treated cancer? Presumably not the
patients themselves, so should their GPs take the
responsibility? How can knowledge be dissemi-
nated throughout healthcare systems? How can
we reach survivors, not yet included in follow-up
programs, to give them access to new methods
for prevention and treatment of long-term nega-
tive health effects of cancer treatment? How can
information on growing needs be integrated in
healthcare systems, what kind of training would
be desired and how can patients themselves be
more actively engaged in the improvements in
this area?

In some settings, creating paramedical onco-
logic positions for specially trained auxiliary
staff could be discussed to cater for some patient
needs, both regarding early and late aftercare,
and act as a filter and contact point for more
qualified oncology staff.

Some long-term negative effects have a high
relative risk and may hence be known to science
and hopefully also clinically. On the other hand,
rarer and/or less severe effects may go undetec-
ted by patients and the healthcare system but
nonetheless affect the survivor’s quality of life.
Effective methods to detect such problems need
to be further developed in relation to long term
follow-up of survivors.

The key role of patient organizations

In diagnoses with a higher incidence and higher
levels of survivorship, patient organizations are
more and more actively pressing for engaging
patients in the development of all parts of care,
e.g. in the increased integration of care between
specialists in oncology care and primary health-
care. Patient groups may also be successful in
detecting and handling (new) side-effects of their
treatments, for example via discussion fora or
other means. Regarding rarer cancer diagnoses,
with their respective treatments, such patient
movements are less powerful to successfully
engage in change. The degree of patient em-
powerment and engagement is influenced by
factors such as the size of the overall population
in a country, language or cultural barriers and
the level of overall health literacy. Patient move-



ments and support organizations have so far
been most prominent in North America, and
European ones are gradually gaining in impor-
tance and visibility.

Electronic medical records accessible to both
healthcare providers within a system and pa-
tients exist in some countries and make the
sharing of information easier. These are still not
commonplace, however, which renders infor-
mation-sharing more challenging. Systems also
vary between countries and regions due to data
protection policies, practical organization and
development levels of healthcare, where different
institutions’ software tools may not “communi-
cate” with each other, creating barriers to im-
provement of patient care.

Resources and constraints

Time and resource constraints are present in
healthcare in most countries. How can we, de-
spite this, achieve high quality in the long-term
care of cancer patients? Primary healthcare, if at
all available, is often under strict time and eco-
nomic pressure, how does this kind of care fit in
and be supported to help manage after-care?

Risk-adapted care is important in order to use
limited resources in a responsible way. To ac-
complish this, cooperation between patients,
specialists from oncology with knowledge of
possible risks from cancer treatments and organ
specialists 1s essential. We need to form multi-
disciplinary teams around these patients.

Often in these situations, one can argue that
the additional effort to provide comprehensive
assessment and management as well as care
coordination for patients with complex needs
may result in further strain at the primary care
level, even if these efforts may generate savings
overall for the healthcare system or the society
as a whole.

Moving forward to achieving sustainable, long-
term aftercare with the ultimate goal of caring
for former cancer patients living a good-quality
life will require joint, forward-looking efforts by
healthcare policymakers, medical professionals,
patients (assumingly predominately through
advocacy organizations), and other stakeholders.

Gathering the experiences from

childhood cancers

Childhood cancer 1s the field where long-term
aftercare efforts have developed the furthest and
hence may serve as best practice for subgroups of
cancers in adults with improving survival rates.
The follow-up organization of childhood cancer
survivors began in the United Kingdom (UK),
where recommendations for long-term-follow

up were published in 1995. The UK National
Health Service (NHS), in the beginning of the
2000, established an organization for long-term
follow-up of childhood cancer survivors.

In North America, the first follow-up recom-
mendations were published a few years later and
have thereafter continuously been upgraded by
the Children’s Oncology Group (COG). In Swe-
den, recommendations for long-term follow-up
of childhood cancer survivors were developed
in 2007 but were mainly known by paediatric
oncologists. This resulted in reasonably good
follow-up until the age of 18, when the patients
were supposed to be incorporated into adult
care. However, many complications develop
later in adult life and are of many different types
which could involve almost any medical special-
ist area. Long-term follow-up for childhood can-
cer survivors in adult care was at that point only
existing in three of the six healthcare regions.

The Swedish Strategic Cancer Plan was pub-
lished 1n 2009. It included five main goals, of
which one was to increase the survival time and
to improve the quality of life of cancer survivors.
This presented a natural opportunity to write
Swedish national guidelines on long-term follow
up for childhood cancer survivors. It included a
cycle of referral to national societies of speciali-
ties and presumed user organizations. This has
increased the awareness of this patient group in
Swedish healthcare. Long-term follow-up clinics
for adult survivors of childhood cancer are now
in operation in five out of seven university hospi-
tals in Sweden.

Examples from Sweden include: A “survivor-
ship passport”, which includes a treatment
summary and recommendations for follow-up,
developed during the 1990s. In 2012, a new part
of the Swedish childhood cancer registry was
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launched, which included treatment summary
data and the possibility to register recommen-
dations for follow-up. The doctor responsible for
the patient can give the patient and other car-
egivers a pdf-version of a personal survivorship
passport from the registry.

The SIOP' Strategic Plan was published in 2015
by the European Network for Cancer Research
in Children and Adolescents (ENCCA), a net-
work of excellence that was run from 2011 to
2015 under the EU 7th Framework Programme
for Research and Innovation. In a subsequent
Horizon 2020 project, there are seven objectives
including: to improve the quality of survivor-
ship; to address the consequences of cancer
treatment such as long-term side-effects; to bet-
ter understand the genetic background/risk of
an individual; and to improve the quality of life
of childhood cancer survivors.

PanCare is a pan-European multidisciplinary
network of health professionals, survivors of
paediatric cancer and their families. Its goal is
to reduce the frequency, severity and impact
of late-treatment side-effects, with the aim of
ensuring that every survivor of childhood can-
cer receives the best possible long-term care.
The number of childhood cancer survivors is
currently estimated to be more than 300 000
in Europe, a figure that is expected to rise to
around 750 000 in 2030.

I The International Society of Paediatric Oncology.

The Childhood Cancer Survivor Study, or
CCSS, is a component of the Long-Term Fol-
low-Up Study, which began in 1994 and is a
collaborative, multi-institutional US study. The
CCSS is coordinated through St. Jude Chil-
dren’s Research Hospital in Memphis, Tennes-
see. The study includes more than 35 000 child-
hood cancer survivors diagnosed between 1970
and 1999, and over 5 000 siblings of survivors
who serve as the comparison group for the study.

The International Late Effects of Childhood
Cancer Guideline Harmonization Group,
IGHG, is a worldwide endeavour initiated

by several national guideline groups and the
Cochrane Childhood Cancer Group in partner-
ship with the PanCareSurFup Consortium to
collaborate in guideline development. The goal
is to establish a common vision and integrated
strategy for the surveillance of chronic health
problems and subsequent cancers in childhood,
adolescent, and young adult cancer survivors. So
far, harmonized guidelines have been published
in four different areas, and work is ongoing for
many more.
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Early discovery followed by efficient surgical
resection of a local tumour translates into high
long-term survival for people with cancer.
Furthermore, the effectiveness of cancer care
would greatly increase if there were simple
tests that determine if a tumour will recur or
respond to a specific treatment. Blood bio-
markers for early detection, as well as predic
tion of drug response or disease recurrence,
have therefore been intense areas of research
for the past decades. However, progress has
been limited as evidenced by the low rate of
regulatory approval of such tests.

In this workshop, we will discuss measures to
enhance and accelerate biomarker discovery
and validation processes to improve effective
transition into clinical use. A breakthrough in
this field would be of great interest to many
actors: oncologists, researchers, regulators,
funders, the pharmaceutical industry, etc. A
greater range of proven biomarkers for all
types of cancer, if quickly and robustly dis-
covered, validated and put to clinical use, will
transform the lives of millions of patients by
greatly improving cancer detection, treatment

selection and knowledge in prognosis decisive
for follow-up and decisions on adjuvant treat-
ment. Much more effective ‘discovery to ap-
plication’ processes would make better use of
scarce funds, precious clinical samples, focus
regulatory attention, target scientific effort,
enhance academic-industry linkages, and has-
ten product to market business cycles.

Questions to be addressed in the workshop
¢ Which forms of cancer are most in need
of diagnostic biomarkers versus prognostic
versus predictive biomarkers?

¢ How should we improve the design of ac-
ademic and industrial biomarker discovery
programmes to better address the criteria
for regulatory approval?

e How can we most effectively build a sound,
best-practice platform for biomarker
development?

¢ What are the benefits of comparative on-
cology for accelerated biomarker discovery
and application?

e How can comparative models (non-rodent
mammals) enhance biomarker discovery
and validation?



What is a biomarker and how is its
performance assessed?

A biomarker 1s a characteristic in the body or
bodily products that can be measured objective-

ly. Tumour biomarkers can be diagnostic, prognostic

and/or predictive.

Diagnostic markers

Population screening programmes are to dis-
cover early stage tumours in seemingly healthy
individuals. Furthermore, better tumour mark-
ers can help to identify cases with unspecific
symptoms that may be tumour-related, this will
enable more advanced diagnostics to be focused
on a lower number of cases. As there would then
be a greater chance of making a correct cancer
diagnosis, this would be of great ethical and
economic value.

Effective early discovery programmes currently
only exist for cancers of the breast, cervix, and
colon but rely on labour-intense procedures.
Academic and corporate biomarker discovery
efforts have therefore sought effective diagnostic
biomarkers based on blood sampling. Despite ma-
jor investment from public and private research
funding bodies, measurable success in terms of
such biomarkers for early discovery regulatory
approved by the Food and Drug Administration,
FDA, in the US remains scant.

Prognostic markers

Prognostic markers are helpful for deciding if,
and when, cancer treatment should be started,
considering the marker reported risk of tumour
progression or recurrence. If tumour markers
could help in prognosticating a treatment out-
come at an early stage of treatment planning,
the probable result would again be positive ef-
fects in terms of both quality of life and health
economy. Iinally, if a marker proves to have the
capacity to detect microscopic disease before re-
lapse is clinically evident, rescue therapy might
be commenced earlier and, at least in theory,
have a better chance of success. Today there are
very few useful tumour markers that meet these
criteria.

Predictive markers

Predictive markers report whether a proposed
treatment will be beneficial or not for the specif-
ic patient. For example, activating mutations in
Ras genes confer resistance to epidermal growth
factor receptor (EGFR) antagonist treatment in

colorectal cancer. Many tyrosine kinases con-
tribute to tumour formation when mutated, and
alarge class of drugs has been developed to in-
hibit them. Thus, assessment of the tyrosine ki-

nase status may predict the efficacy of inhibitors.

Examples of such mutated tyrosine kinases are
Ber-Ablin chronic myelogenous leukaemia and
¢-kit in human and canine mastocytosis. Promis-
ing advances in liquid biopsy technologies based
on detection of mutated tumour DNA in blood
and other bodily fluids have recently been made
in this area.
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Figure 1. lllustration of ROC-curve (right) obtained from biomarker measurements (left) of sets of controls (grey line, left) and cases (red line, left).
Various choices of cutoffs yield numerous sensitivity and specificity pairs, and by plotting all those pairs in a ROC plot, a continuous ROC-curve (right)
is obtained. The higher the ROC-curve, the better the biomarker, and a numeric measure of the overall highness of the ROC-curve is AUC, the area
under the curve (red area, right).

How is the performance of a biomarker
measured?

Ultimately, the performance criterion of a bio-
marker test is its accuracy: to what extent are
subjects with the condition diagnosed positively
and subjects with condition absent diagnosed
negatively. The percentage of subjects with
condition present that are diagnosed positively
1s referred to as sensitivity, and the percentage
of subjects with condition absent that are diag-
nosed negatively is referred to as specificity.! The
sensitivity and spectficity pair is the primary meas-
ure of diagnostic accuracy?. Typically, biomark-
er-based diagnostic tests produce a positive/
negative test result by comparing the biomarker
measurement to a cutoff value. The choice of
cutoff value will highly influence the sensitivity
and specificity pair, and by altering the cutoff,
many distinct pairs of sensitivity and specificity
are obtained. A Receiver Operating Characteristic
(ROC) plot is obtained by plotting all sensitivity
and specificity pairs®. When the cutoff can be
continuously altered, the ROC-points form a

1 CLSI EP12-A (2002), p. 9.
2 U.S Food and Drug Administration, 2007, p. 7.
3 CLSI GP10-A (1995, reathrmed May 2001), p. 9.

ROC-curve. A convenient way of expressing the
performance of a biomarker in a single num-
ber is to compute the Area Under the ROC-Curve
(AUC).* The AUC-value can be interpreted as
the average sensitivity over the range of specifici-
ties. For example, the diagnostic prostate cancer
biomarker Beckman-Coulter PHI (BC-phi) has
AUC-value 0.71°. From a statistics point of view,
an ROC-analysis has several desirable proper-
ties: 1t 18 not affected by normalizations of the
measurement data, and the probability distribu-
tion of the measurement data has no influence
on the ROC-points per se, yielding an intrinsic
robustness. As ROC-analysis also addresses

the core issue of sensitivity and specificity, it is
justified as the method of choice of regulatory
authorities.

Why have past and current discovery
efforts failed to produce clinically useful
blood biomarkers?

There are literally hundreds of research papers
discussing the reasons for failure in cancer bio-
marker discovery. Some well-known shortcom-

4+ CLSI GP10-A, p. 10.
5 U.S Food and Drug Administration, 2012, p. 27.



ings include too small cohorts being used for
biomarker discovery and validation, cases and
controls being drawn from different populations,
variations induced by pre-analytical sample
handling, and too little emphasis on statistical
aspects of study design®. However, the literature
describing how such studies should be designed
to maximize the likelihood of success is scant.
The field appears to lack a common approach,
as studies are regularly underpowered, a wide
variety of statistical approaches are applied to
the datasets, and the statistical methods used in
the discovery part of the vast majority of bio-
marker discovery studies do not concern the core
biomarker properties sensitivity and specificity’,
but rather differences between means of groups.
Since the purpose of the biomarker development
effort 1s success in a prospective clinical study,
the null-hypothesis of the statistical hypothesis
testing during biomarker development must

be chosen so that the biomarker is assessed as
effective for its intended use. For example, the
standard for effectiveness applied in the approval
of the improved PSA test BC-phi® was superiority
relative to an existing biomarker-based diag-
nostic test. Based on these known issues and
observing sound statistical principles, would it
be desirable to develop a consensus framework
for biomarker discovery and early validation to
improve the likelihood of successful translation
into clinical practice?

How can the regulatory requirements guide
biomarker discovery?

Regulatory (e.g. FDA) approval of a biomarker-
based diagnostic test is based on three top-level
criteria: effectiveness, safety, and benefit-risk.
LEffectiveness 1s evaluated through the sensitivity
and specificity pair as determined through a
pivotal clinical study, juxtaposed with the sensi-
tivity and specificity pairs of existing diagnostic
tests. Safety is determined through an analysis of
the consequences of erroneous test results under
the specified intended use and principles of op-
eration of the diagnostic test, as well as analysis
of laboratory test results of interference (effects of
potential interfering substances), precision and
reproducibility (consistency under different lots,
runs and users), robustness (tests under potential
failure modes), guard banding (accepted ranges

6 Pavlou MP, Diamandis EP, Blasutig IM.
7 Baker S.G.
8 U.S. Food and Drug Administration, 2012.

for each reagent and process step), specimen
stability (transport and storage over a five-year
period), intermediate product stability (storage
conditions for extracted intermediate products/
sera), reagent stability (test-kit shelf life), and
any other notion that the regulator deems is
useful for the assessment of the safety of the
biomarker-based diagnostic test. Benefit-risk is
evaluated through an analysis of the benefits of
accurate test results under the specified intend-
ed use, versus the risks of the biomarker-based
diagnostic test. An approval order may include
post-approval requirements and restrictions.

How can the bench to bedside translation
of biomarkers be accelerated?

The clinical trials required for clinical validation
and FDA approval of a cancer biomarker may
require 10 years or more to conclude, depend-
ing on tumour type and the type of biomarker.
Given the significant financial risks involved
with the clinical validation of new biomarkers,
combined with the limited gain from sales of a
diagnostic as compared to drugs, is there a need
for governments and funders to absorb some of
the risk? Early phase risk reduction could be in
the form of collecting and providing the retro-
spective samples required for the early validation
and clinical assessment. The collection efforts
need to be ongoing in several independent popu-
lations, sample patients with cancer at diagnosis
and longitudinally, and be linked to population
based studies where samples before cancer
diagnosis are available’. Late phase support
could target screening centres to enable prospec-
tive evaluation of new tests.

How can veterinary science and
comparative oncology help biomarker
development?

The domestic dog has become increasingly use-
ful as a comparatively spontancous cancer model
to study genetic and environmental risk factors
as well as easing the transition between rodent
and human clinical trials for cancer drug devel-
opment'® "', The many similarities between vari-
ous cancer types affecting humans and dogs and
the spontaneous development of these cancers in
immune competent canine individuals living in
a shared environment with us suggest a common

9 Baker, S.G., 2009.
10 Paoloni M, Khanna C, 2008.
11 Gordon I, et al., 2009.
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actiology. The shorter lifespan of dogs and the
shorter time to relapse after cancer treatment al-
lows data regarding efficacy, short and long-term
toxicity and side-effects of novel cancer drugs to
be generated in years rather than decades as in
human clinical trials.

However, certain limitations need to be over-
come to make full use of the dog model. Slightly
different classification systems for common can-
cers limits translation of data and clinical out-
come from dog to human. The canine genome
and annotation, especially of immune gene
families, could be improved to allow a more
careful and correct comparison with the human
genome. Tumours such as mammary neoplasia
(breast cancer), malignant lymphoma (Non
Hodgkin Lymphoma) and osteosarcoma do all
deserve attention and are found to be similar in
tumour morphology, biology and response to
treatment where improved models would benefit
human studies.

Treatment of metastatic tumours in dogs 1s
generally not successful today and disease pre-
vention and early diagnostics will significantly
reduce animal suffering, improve animal welfare
and reduce costs for pet owners. For biomarker
research, many analyses will be done on already
collected tissue and blood for routine diagnostics
in the clinical setting and thus reduce discomfort
for living animals.

The potential benefits in using dog spontancous

tumor models in biomarker research are manys;

* Trying out new diagnostic techniques and
refine methodology before using in human
oncology where availability of samples many
times are a hurdle for technique testing.

* Rodent models will yield less material and are
not performed in spontaneous tumour models
and translation into human clinical setting has
not always been successful, both in therapeutic
studies as well as in biomarker research.

* Informing on how comorbidities may reduce
sensitivity specificity of one or several bio-
markers in marker panels are of interest to
know early, as comparison between tumour
samples and blood donors seldom reflects how
the markers are used in the clinical setting
and early promising results usually are signif-
icantly revised, when used in more mixed pa-
tient populations. Again, benefiting from the
greater sample pool often available in the dog
models will spare unessecary or non-strategic
use of limited patient material in humans.

* Many technical/diagnostic platforms used in
medical research are already validated in dogs
and with the knowledge of the dog genome
and proteome, validation efforts still needed
are many times easy and cost effective.

Together with studying spontaneous tumours
instead of induced tumours in experimental
animals, this is well in line with the Replace/
Refine/Reduce (3R) principles. Although, bio-
markers in tumour tissue have mostly been in-
vestigated in dogs, recent promising findings on
serum thymidine kinase 1 ('TK1) either alone or
in combination with CRP and also circulating
micro RNAs have been suggested as potential
biomarkers for canine neoplastic disease. With
the necessary tools and resources acquired/sup-
ported, the domestic dog 1s now a fully-fledged
model that is ideally suited to biomarker re-
search and to informing human oncology in a
parallel comparative approach.
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Figure 2. Example on how a protein (Thymidine Kinase 1 - cell cycle regulating protein) from an over-expression in a
tumour can leak out in circulation and be measured in a blood sample.
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In high-income settings, many types of can-
cer are nowadays curable, or treatable in a
way that they can be considered as a chronic
rather than a fatal disease. Nevertheless, the
number of patients being diagnosed with can-
cer every year is increasing and survival and
effective treatment is dependent on early de-
tection as well as on continuous monitoring.
This highlights the importance of collecting
and analyzing large amounts of data in an
effective manner.

At the same time, there are already large
amounts of health-related data that are readi-
ly accessible to healthcare professionals today,
e.g. electronic health records, biobanks, and
knowledge banks. Cancer patients, however,
do not necessarily have access to this kind of
information despite their growing interest.
Furthermore, patients often compile informa-
tion themselves, e.g. regarding nausea, pain,

medication etc. These “medical logbooks” are
currently not used on a regular basis, e.g. dis-
cussed during a visit or used to continuously
monitor progress.

The workshop will address these issues and is
aimed at creating a common understanding of
how the future might be, using a vision semi-
nar process approach.

Main focus areas for the workshop

¢ Joint analysis of critical incidents related
to the diagnosis and treatment of cancer.
The critical incidents will be related to all
stakeholders involved in the process. What
are the enablers, barriers, and learning op-
portunities?

e To create visions of how diagnosis and
treatment of cancer can be informed by
more effective and integrated use of exist-
ing data by different stakeholders.



Introduction
Cancer care has come a long way and treat-

ments are constantly improving. Some cancer
conditions are today considered as chronic and
not necessarily fatal. The number of people
diagnosed with cancer globally is, however,
constantly increasing, particularly in low- and
middle countries. For economic and logistical
reasons, many advances in cancer diagnostics
and treatment are not yet accessible in these
countries, resulting in a high number of fatali-
ties. Equal access to healthcare is still a long way
off. Demographic differences, especially when
it comes to diagnosis and outcome, can be seen
between children and adults. Cancer in children
is often not discovered early enough. More-
over, cancer treatment is facing the same issues
as healthcare at large, including more elderly
patients, gender differences, more patients with
multiple chronic conditions and a major lack of
personnel and considerable differences globally
in access to care. eHealth has emerged as one
possible solution to some of these problems, and

i e
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increased access to and use of healthcare data
1s often mentioned as one way forward. Such
things have the potential to improve quality,
make treatment more efficient, and expand ca-

pacity.

There are three main data user groups in can-
cer care. Healthcare professionals, who need to

see data related to their patients, such as blood
tests, radiology results, and notes from previous
meetings with doctors. Patients, who want to see
not only their own data but also aggregated data
from other patients (available, for example, on
platforms such as www.patientslikeme.com). And
researchers, who both generate and use extensive
amounts of data coming from biobanks and
quality registries, or clinical notes. There are
other kinds of users, such as statisticians, mana-
gers, drug industry representatives, and politi-
cians, but these seldom interact with the data on
a daily basis and their needs are not addressed in
the workshop.
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New technology, new opportunities

New technologies are not only rapidly changing
society, but also opening up for new possibilities
in healthcare. Various data sources have been
available for some time now, and it is likely that
both the number of sources and the amount of
data will increase even more. Digitalization in
healthcare is on top of the agenda all over the
world, though implementation capacity varies
greatly. Eventually all patient data will be digital
and enable analysis that can advance not only re-
search and treatment, but also cancer prevention.

High-performance computing opens

new door for analysis

New technologies also bring new opportunities
to engage in innovative research, for example
making use of large quantities of data to identify
patterns in specific types of cancer. Previously,
this was not possible as the data were either not
available, or high-performance computing was
not sufficiently advanced. Advancements in dis-
tributed computing aim to increase processing
power, for example by making use of idle com-
puters and even smartphones. The technology
knows no limits!

The ever-increasing data points have also given
rise to artificial intelligence solutions, like cogni-
tive computing in diagnostics'. This technology
accesses vast amounts of data sources and finds
patterns that can be vital for cancer diagnostics.
This is one example of how artificial intelligence
has moved into the medical domain, powered by
existing data.

Technology and medical developments also go
hand in hand. For example, due to the decrease
1n cost, genetic sequencing has become more
popular. This is particularly interesting for on-
cology in terms of precision medicine, such as
identifying personalized treatment options for
the patient. Technology can help medical pro-
fessionals find appropriate evidence-based treat-
ment options, explore clinical trial opportuni-
ties, and recruit participants for research studies
much more easily.

Today, genetic testing is even available as a con-
sumer product. Furthermore, the widespread use
of advanced devices, such as smartphones and
wearables, allow users to collect a vast amount
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of data about their own health and wellbeing.
This is not only relevant to current patients, but
to everyone who might become one. In some
incidents, data from fitness trackers have proven
useful in preventing or detecting heart attacks,
for instance. These data could also be used to
measure the continuous health effects of ongoing
cancer treatments.

Barriers to overcome

Although there seems to be no limit to the op-
portunities, there are many barriers to overcome
regarding the successful use of technologies in
healthcare. Sadly, between 50 and 70 per cent
of information and communication technologies
(ICT) development projects fail to reach their
goals. In addition, healthcare professionals and
patients often struggle with the systems imple-
mented in their own organization. Although
automation, big data, smart technologies, and
distributed computing offer great possibilities for
healthcare, they need to be incorporated in an
ecology of computer systems and people that is
already quite complex and becoming more so all
the time. The barriers to the successful imple-
mentation of eHealth initiatives can be catego-
rized in many different ways. Furthermore, they
are interrelated, overlapping, and situated on
different levels in society and organizations.

The barriers to eHealth are often organizational
Many would argue that the challenge for suc-
cessful eHealth implementation is not related to
technical but rather organizational and infra-
structural aspects. Organizational barriers include
managing organizational change and develop-
ment so that technology is efliciently incorpo-
rated into work. Changes may be required in
structures, business processes, and culture. This
can be very challenging, especially in low- and
middle-income countries that are still establish-
ing a basic working infrastructure. Infrastructural
barriers can include access to electricity and inter-
net as well as to high tech I'T solutions.

ICT must be integrated not isolated

A barrier related to ICT 1s usability. Far too
many systems are not effectively integrated into
everyday work practices, and score badly when
it comes to effectiveness, efficiency, and satisfac-
tion. The use of data needs to become part of a
work environment that supports the professional
development of healthcare personnel while pro-
viding useful support in their work.



Technical and ethical aspects of interoperability
Another problem i1s related to system nteroper-
ability, 1.e. programs are not compatible with
one another and thus there is no information
exchange. This makes it more difficult to link up
databases to find new patterns and gather data
from different systems to discover correlations.
Problems with interoperability result in data re-
dundancy as the same information is document-
ed in several systems, inefficient work, and lack
of information from other areas or countries.
The establishment of interoperability is chal-
lenging, as the system architecture has to allow
for efficient exchange of information between
systems with different levels of confidential-

ity, some of which is collected by patients (e.g.
through self-monitoring or wearables), while at
the same time preventing unauthorized access.
In other words: Storing sensitive information in
the same place can be seen as an invitation for
hackers. Therefore, standards and architectures
have to be developed that ensure efficient and
trustworthy exchange of information.

Moreover, eHealth innovations often run into
legal and ethical challenges. Laws and regula-
tions need to be adjusted to accommodate new
initiatives, while also addressing integrity and
privacy issues. Health data used in research are
usually anonymized, however, anonymization 1s
extremely difficult when it comes to big data or
data used in genetics research.

Under-representation of certain cancer types

in existing data banks

Inequality between high-income and low- and
middle-income countries 1s still prevalent as
regards access to data and advanced treatment
methods. Large amounts of data are gathered
through, for example, patient communities and
in biobanks and genetic banks in most Euro-
pean countries and in the United States. Since
the infrastructure and knowledge necessary to
gather and make use of these quantities of data
are not yet in place in low- and middle-income
countries, cancer types which are most frequent
in these countries are under-represented in the
available repositories. This is problematic for
both healthcare professionals and researchers.
This inequality, as well as eliminating the digital
divide, needs to be addressed when discussing
how to utilize existing data in diagnostics and
treatment. Another ethical dilemma relates to
artificial intelligence solutions. Although they

provide great opportunities, it is still open to
question how much the conclusions drawn by a
machine can be trusted.

A watershed in the doctor-patient relationship
thanks to new technology

The introduction of new technologies also has
an cffect on relationships within healthcare.
Patients today are more involved (see, e.g. Chen,
Y., Elenee Argentinis, J.D., and Weber, G), want
to access their medical data, and also contribute,
for example, by sharing data from self-monitor-
ing. Although this provides many opportunities
to increase the quality of care, it also has con-
sequences. These have to be accounted for by
technical and organizational infrastructures,
laws, and medical education, as roles and re-
sponsibilities in the relationship between patients
and healthcare professionals are changing.

Using Critical Incidents and visions

of the future

This workshop will focus on practical issues,
challenges, and opportunities related to using
existing data for the diagnosis and treatment

of cancer. In the first phase of the workshop,
real-life Critical Incidents will be presented
from the perspectives of doctors, nurses, patients
and researchers, respectively, and used to inspire
discussions on how existing data are being used
today, and what the problems and opportunities
are.

The second phase of the workshop will begin
with a keynote on visions of the future, and
what visions are good for in relation to societal
change. Different visions from the stakehold-
ers’ perspectives will then be developed by the
participants. These will include scenarios and
descriptions related to how various types of
existing data can be used for the diagnosis and
treatment of cancer.
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Physical exercise in the context of cancer treat-
ment is a question of global importance given
the rising cancer incidence and growing num-
ber of cancer survivors'. As well as preventing
the development of cancer, physical exercise
also relieves the toxicity of cancer treatment
and diminishes the negative, long-term con-
sequences of both the disease and the treat-
ment. In addition, observational studies in
several diagnostic groups suggest that exercise
is associated with a lower risk of cancer re-
currence and improved survival. Thus, the im-
plementation of clinical guidelines to support
and encourage physical exercise during and
after cancer treatment cannot be overestimat-
ed and will be beneficial for individuals, the
healthcare sector and society as a whole.

Desired outcomes of the workshop

The workshop aims to target implementa-
tion barriers and incentives for promotion
and organization of physical exercise among
cancer survivors during and after treatment
both within and outside the healthcare

I Here the term “cancer survivors” includes not only
persons who are undergoing cancer treatment but
also those who have completed it.

system. Discussions will be on societal,
organizational and individual levels, e.g. cul-
tural aspects, legislation, financial incentives,
subsidized costs, priorities, knowledge and
skills.

Of particular interest will be the identification
of implementation barriers and the devising of
strategies to overcome these.

¢ for policy and decision makers in clini-
cal cancer care to facilitate promotion of
physical exercise among cancer survivors
during and after treatment.

to change clinical cancer care so that

healthcare staff consistently promote physi-

cal exercise among survivors during and
after treatment.

e to involve actors and arenas outside
healthcare in organizing cancer survivors’
physical exercise during and after treat-
ment.

e on an individual level, to inspire motivation
among cancer survivors to initiate and
maintain physical exercise during and after
treatment.



The modern patient — a partner in care
Traditionally, healthcare has applied a paternal-
istic approach, regarding the patient primarily

as a target for medical interventions and thus
mainly focusing on diagnostics and treatment

of the cancer. However, during the past two de-
cades, the necessity of including the patient as a
partner in care has been debated increasingly.
Nowadays, patients are seen as having their own
competence and therefore able to take an active
part in treatment and rehabilitation. They are no
longer simply a victim of the discase. Neverthe-
less, there are still major differences within and
between countries regarding the development of
person-centred care. Building a strong partner-
ship between patient and professional requires a
series of activities that enable a cancer survivor to
implement and sustain behaviours to manage the
illness, including support from actors both within
and outside the healthcare sector.

Long-term consequences of treatment

Cancer treatment often causes events that affect
patients’ wellbeing negatively and make it more
difficult for them to work and manage daily acti-
vities. Cardiovascular disease 1s one of the most
worrying complications of cancer therapies that
may occur not only soon after treatment but also
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many years after treatment completion. Risks
need to be assessed so that the prescribed exer-
cise programme can be adjusted to individual
needs.

Attitudes towards exercise for patients

are changing

In the past, patients were commonly advised to
rest and refrain from physical exercise during
cancer treatment. Nowadays, many (but far
from all) physicians and nurses in cancer care
inform patients about the benefits of physical
exercise, but the prescription of individualized
exercise programmes and support to implement
exercise in daily life are usually not part of clini-
cal care. Thus, there is a widespread lack of evi-
dence-based interventions to promote physical
exercise during treatment in clinical cancer care.
This 1s confirmed in scientific studies revealing
that many people decrease their physical activity
when they are diagnosed with cancer, a result
recognized by professionals.

Also among children struck by cancer, a de-
crease in physical activity has been noted both
during and after completion of treatment. This
is alarming given that a majority of childhood
cancer survivors develop late complications
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from treatment that could be prevented, at least
to some extent, by a healthy lifestyle including
regular physical exercise.

The scientific evidence of benefits of physical
exercise during and after cancer treatment

The first randomized controlled trials (RCTs)
investigating the effects of physical exercise
during cancer treatment were conducted in the
late 1980s and early 1990s. During the past two
decades, the number of RC'Ts in this field has
increased rapidly. The most common diagnostic
groups included are women with breast cancer
and men with prostate cancer but several other
groups have also been investigated, including
patients with a curable and an incurable disease.
Trials have been conducted globally but with a
prominent overemphasis on high-income coun-
tries.

Results from RCTs and systematic reviews show
that physical exercise during and after can-

cer treatment has beneficial effects on muscle
mass and strength, cardiorespiratory fitness,
cancer-related fatigue, emotional status and
other aspects of quality of life. Also, supervised
exercise seems to be more efficient than unsu-
pervised. However, there 1s still a need for addi-
tional research. Questions to be asked include
the optimal duration of the exercise programme,
frequency, intensity, type and time.

Few adverse events from exercise have been
reported, the most frequently reported being
common musculoskeletal disorders related to
physical exercise, hypertension and dizziness. In
addition, single serious complications including
cardiac events have been reported. To conclude,
physical exercise during and after cancer treat-
ment is regarded as feasible and safe and there is
strong scientific evidence suggesting it improves
physical status and quality of life.

The effects of physical exercise for children
undergoing cancer treatment have not been
nvestigated to the same extent as for adults but
there is preliminary evidence suggesting that
an individualized physical exercise programme
during treatment is feasible, safe and potentially
beneficial.

Creating individual exercise guidelines for adults
Evidence-based clinical guidelines regard-
ing exercise for adults with cancer have been

developed in some countries but is not clear to
what extent these have been implemented in
routine cancer care. Existing guidelines suggest
that people who are undergoing treatment can
be prescribed exercise programmes in a similar
way to healthy individuals. Thus, cancer survi-
vors should be advised to engage in 150 minutes
of weekly moderate-intensity acrobic exercise
and resistance training at least two times per
week. Those who are unable to exercise due to
their health status should be as physically active
as their conditions allow and inactivity should be
avoided. Thus, the exercise programme needs to
be adapted to the individual survivor based on
their health status, treatment and disease trajec-
tory. A medical assessment is needed to ensure
the safety of exercise.

Challenges to physical exercise promotion
The consensus in international recommen-
dations is a good starting point, but there are
obvious challenges to performing and maintain-
ing physical exercise during cancer treatment.
Disease and treatment may affect physical,
psychological and social aspects of health, po-
tentially decreasing the chances of maintaining
recommended levels of physical exercise. People
accustomed to a sedentary lifestyle are likely to
face even greater barriers.

The role of information

Health professionals have an important task to
provide information and give advice to patients
concerning disease, treatment and symptom
management. When it comes to physical exer-
cise, they should give a clear and consistent mes-
sage to patients: given individual adaptations,

it is safe and beneficial in terms of health and
quality of life. As credible sources in this context,
their capacity to impact patients’ health should
be used strategically. Can professionals change
their clinical practice and provide both general
and individualized advice based on patients’
conditions and preferences as a routine? What-
ever the case, information alone will not be suffi-
cient to actually change patient behaviour.

Changing behaviour

To actually understand and possibly influence
exercise habits, it is necessary to explore the per-
son’s motivation, incentives, expectations, limita-
tions and resources as well as contextual factors
such as culture, family, physical environment
and exercise history.



Motivation is closely linked to incentives and
seems to be a mixture of importance, beliefs in
own capability, and readiness to take action.
Different cultural contexts influence attitudes to
exercise —1s it viewed as something beneficial or
something to be avoided? The following three
questions can be useful: How important is it to
you to perform a specific type of exercise? How
confident are you about doing it? How ready are
you to do it? Rating answers on a 0—10 scale pro-
vides information about that the likelihood of a
person actually performing a specific behaviour.
Other important incentives refer to joy and re-
wards: rewarding activities boost autonomous
motivation and facilitate exercise.

There are several effective behaviour change
techniques in the field of exercise. Self-mon-
itoring, which is about registering behaviour
and outcomes, e.g. by using exercise diaries

or pedometers, can be effective. Individual
goal-setting and planning are also useful, as long
as they are relevant and realistic.

How can this knowledge be used to implement
physical exercise among cancer survivors?
Drawing on research and clinical experiences,
we know that supervised exercise is better than
simply home-based activity and a group setting
is better than an individual one (with reserva-
tions for individual preferences). How can health
professionals learn to use powerful behaviour
change techniques and prompt cancer survivors
to seek social support for their exercise? Is it
possible for cancer care to inform and initiate
physical exercise, explore patients’ history and
preferences, and then guide them towards a
committed pathway to other exercise options
outside the hospital? Such changes would need
some changes in clinical practice, which may
take considerable time and effort.
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Changing clinical practice

Successful implementation of physical exercise
in cancer care, namely individualized recom-
mendations of suitable exercise options, is de-
pendent on a number of factors. To start with,
how are the suggestions perceived by health
professionals? If they are clear-cut and seen as
beneficial, they are more likely to be implement-
ed. Another prerequisite is that the professionals
have adequate knowledge and skills to give ad-
vice and guidance. If not, what can be done to
improve the situation? The relationship between
health professionals and patients is important
and varies between countries and cultures. The
readiness for change among cancer survivors

is also important — do they have the necessary
knowledge and attitude? And is exercise highly
valued or not? The professional interaction con-
text has to be considered: colleagues who are
hesitant about changing clinical routines may
hinder the implementation process. Moreover,
are there resources in terms of information, in-
centives, time, and feedback? System barriers in
terms of leadership, workload or feelings of ten-
sion about change have to be addressed, as well
as any political and legal issues likely to hinder
implementation. The local climate and the pro-
vision of a secure environment are important
when it comes to outdoor exercise, and women
may face specific challenges in some countries
and cultures. All of these domains may need to

be addressed.

Physical exercise promotes health but organiz-
ing it needs resources and funding. How can we
develop cooperation between actors to facilitate
the process, and how can we identify ways to
exercise that are cheap and feasible in different
cultural contexts? Workshop discussions during
Uppsala Health Summit will help to identify
ideas for change and collaboration to move for-
ward in a way that will ensure health benefits
and quality of life among cancer survivors.
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This workshop will focus on a less conven-
tional way to develop new cancer drugs, i.e.
‘drug repositioning’: the use of a drug already
approved for another indication. In the light
of several successful examples of this strategy,
along with the often-modest benefit from and
low cost-effectiveness of new cancer drugs,
drug repositioning is seemingly a promising
approach that could, in theory, provide new
cancer drugs more rapidly and at considera-
bly lower costs for the development phase.
Randomized clinical trials based on national
registers are one approach that have proved
to be successful and could be developed. In
addition, drugs that are candidates for reposi-
tioning into cancer drugs could be offered as
‘last-line” treatments to patients with disease
progression while on established treatment.

However, both drug development based on
repositioning and individual patient use of
drug repositioning candidates outside of clini-
cal trials within routine healthcare run into
problems from scientific, economic, ethical
and healthcare resources points of view. This
workshop will address these issues from the
perspectives of the different parties mainly
involved: patients, healthcare staff, medical
authorities and pharmaceutical companies.

Workshop key issues to be addressed

e Assess the overall potential and limitations
of ‘drug repositioning’ for development of
new cancer drugs and in ‘innovative prac
tice’.

e Discuss if there are ways to make cancer
clinical trials less complicated, resource-
demanding and expensive with the overall
aim to allow for more patients to partic-
ipate in drug development based on the
principle of drug repositioning and, thus,
to more rapidly move cancer drug develop-
ment forward. Furthermore, are there ways
to make cancer drug development based
on drug repositioning more attractive for
pharmaceutical companies?

e Elaborate on ways to use ‘innovative prac
tice’ based on drug repositioning and with-
in a scientific context to the potential bene-
fit of the individual patient and as a starting
point for more definitive clinical trials and
preclinical research.

o Consider the ethical, scientific and health-
care issues of drug repositioning and ‘inno-
vative practice’.



New drugs, high costs, unclear benefit
Despite considerable progress in basic cancer
biology knowledge in recent years, the develop-
ment of new, more efficient cancer drugs has,
with some exceptions, not been very succesful®2.
Thus, newly introduced drugs, mostly catego-
rized as 'targeted’, for the most common solid
cancer types have typically provided little bene-
fit and meant nothing more than adverse effects
and very high costs®. This situation increases the
need to look into complementary drug develop-
ment strategies, e.g. drug repositioning, exploit-
ing the possible use of substances on the market
that, if properly investigated, can propose addi-
tional treatment options.

The cancer patient’s ‘last-line’ dilemma

For cancer drug treatment in advanced disease
settings, the evidence cumulated through ran-
domized trials in the major cancer diagnoses
typically results in the recommended use of a
limited number, up to a handful but often fewer,
‘lines’ of treatment that can be used in sequence,
with the use of a ‘next-line’ treatment following
on from the previous one. After the last line of
recommended treatment, or its cessation for

I Davis C., Naci H., Gurpinar E., et al, 2017.
2 Prisad V., 2017.
3 Workman P., Guilio F., Schellens J., et al., 2017.
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other reasons, e.g. intolerance, the performance
status of many cancer patients does not allow for
consideration of new treatments directed to-
wards the disease itself and the best option from
a quality-of-life perspective is to provide symp-
tom-guided palliative care.

When palliative care is not the only option
However, more than a few patients still have a
good performance status following guidelines
directed by the last-line treatment and are not
in need of advanced palliative care. For very
understandable reasons, these patients and their
relatives frequently ask for additional treatment
attempts.

If the treatment centre has an active clinical
trial in which the patient could participate, this
may be an alternative to providing the patient
with yet another ‘line’ of treatment hopefully for
a treatment benefit while at the same time con-
tributing to the accumulation of new knowledge
that might benefit future cancer patients.

But when no clinical trial protocol is available
or the patient status does not fit with an active
protocol, the patient could be said to be in ‘no
man’s land™ too fit for advanced palliative care
but with no cancer treatment options left.
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Many patients and relatives accept this situation
while others turn to alternative, unscientific
treatments or try to find clinical trials at other
hospitals, in their own country or abroad, with
the hope of travelling there and participating.
Often these strategies are felt to be very unsatis-
fying, both from the point of view of the patient
and relatives and from that of the physician

in charge of the patient. In addition, for many
these alternatives are beyond reach.

Drugs approved for other medical
conditions offer new possibilities

A physician would still be allowed to prescribe
an ‘old’ drug to an individual patient, provided
there 1s sufficient scientific evidence behind such
a decision. Such a procedure could be beneficial
for the individual patient. But to drive the devel-
opment of healthcare forward, benefitting the
global cancer community, a clinical trial proce-
dure would be needed.

For the sake of patient safety, a clinical trial

has to be preceded by numerous safety studies.
Even if the drug substance is already on the
market, such pre-clinical studies may need to be
performed in order to evaluate potential risks
and benefits related to the specific disease in
question. The actual clinical trial will typically
need a large number of patients, recruited, treat-
ed and monitored according to a standardized
protocol.

An additional challenge for setting up clinical
trials is, of course, that the number of patients
suitable to be included will most surely be very
small if data and patients cannot be gathered
from a very large community of healthcare
centres.

Considering the complexity of clinical trials,
why not just continue with individual pa-
tient-based prescriptions of old drugs?

A more structured approach to evaluating the
effects of old drugs for new indications can
provide knowledge on how to treat cancer that,
if successful, can benefit a much larger patient
group. If unsuccessful, the results should also be
shared with the research community.

A structured evaluation for repositioning of
drugs would also be necessary for most health-
care systems to include the treatment in stand-
ardized care plans.

From an ethical point of view, leaving patients in
the no-man’s land between approved treatments
and palliative care, or risking ‘losing’ them to
unscientific programmes, is, of course, most un-
satisfactory.

Finally, considering the increasing pressure on
healthcare budgets, repositioning of old drugs
may be a cost-efficient contribution to the selec-
tion of cancer treatments.

Even if much new knowledge and data needs

to be gathered when repositioning an approved
drug, an advantage is that basic knowledge and
investigations are already there and, that the
drugs are immediately available for testing in
patients for the new indication®.

The starting point for a drug repositioning pro-
ject is mostly findings in preclinical research
using various cancer models but can also be
based on epidemiological data or serendipitous
findings of unexpected anti-cancer effects in pa-
tients starting drug treatment for a concomitant
disease. Going through published data thus pro-
vides a great number of reasonably well-founded
ideas for the repositioning of available drugs for
use in cancer.

The quest for an alternative to
conventional clinical trials

The process for starting and performing clinical
trials has been criticized for becoming not only
over-regulated, but also slow and very expensive.
This makes cost-effectiveness so low that the

use of some of the approved drugs 1s prohibited
in many healthcare systems. The complexity of
the process limits the performance of pivotal,
game-changing clinical trials to those initiated
or supported by major pharmaceutical compa-
nies.

Clinical trials for new substances are mostly
sponsored by a commercial pharma company,
with the financial and administrative resources
available to conduct the pivotal clinical trial.

4 Pantziarka P., 2017.



However, when it comes to a possible reposition-
ing of already available drugs, there are rarely
such actors to support and drive a clinical study.

The pharmaceutical industry has however little
interest in supporting and financing such clinical
trials. Among the obstacles are, e.g. the risk that
the trial reveals new adverse effects or simply
because the patent is about to, or has, expired.
Thus, most cancer drug repositioning candi-
dates will never move beyond the status of being
promising based on preclinical and in some
cases also very preliminary clinical findings.

A strategy for drug repositioning?

Thus, given the relatively modest progress in
cancer drug development based on completely
new molecular entities and the complexity of this
process, as described above, there is an increas-
ing interest in this much simpler repositioning
strategy that, at least, could be considered as a
potentially fruitful approach which is comple-
mentary to the traditional one.

National registries offer opportunities

for a new approach

Pioneering work has been done by Uppsala
Clinical Research Centre on the concept of
building prospective randomized trials based
on the Swedish national clinical registries,
using the existing hospital networks and the
registry infrastructure for patient identification,
trial enrolment, randomization and follow-up.
These registry-based randomised clinical trials
(R-RCT) are now well developed as a type of
pragmatic trial and a number of studies have
been successfully concluded and changed inter-
national guidelines.

The new R-RCT concept provides the means
for a faster and more cost-effective process for
bringing approved drugs into use for new indica-
tions and at the same time limiting the cost and
some of the burden for the investigators. The
trial concept has been developed in the cardio-
vascular field but is moving on to other areas of
medicine. Oncology is a field with a considerable
need for more extensive evaluation of pharma-
ceutical agents in large representative patient
cohorts.

However, some challenges and hurdles remain,
regulative as well as practical. A guideline docu-
ment has been written explaining how to design
and run such trials and there is a belief that

they have the potential to revolutionize the way
future prospective trials are conducted. It is pos-
sible to design studies for building evidence for
drug repositioning of already approved drugs for
new indications. In this way we can avoid hav-
ing to go through the costly and time-consuming
work of building trial platforms, extensive safety
testing and repeated patient visits and instead
focus on the eflicacy of the new indication.

Healthcare as an arena for research

and development

Closely related to the problem of selecting drugs
for repositioning into evidenced-based options
by means of the generation of data from clinical
trials, 1s how to deal with patients in ‘no man’s
land’. How can we help when clinical trial pro-
tocols are not available but there are published
scientific data, preclinical, clinical or epidemio-
logical, that one or more established drug in use
for other purposes could have beneficial effects
for the cancer type in question? If such a drug
is inexpensive and known to be well tolerated, it
is tempting to let the patient try it in what could
be denoted ‘innovative practice’. Such treatment
of an individual or even a few patients would be
in agreement with the Declaration of Helsinki,
provided that patient-informed consent is ob-
tained and that the information so generated 1is
documented and, as applicable, made publicly
available and then made the focus for research.

However, this would potentially be in conflict
with the basic principle that healthcare should
always be based on scientific evidence and/or
extensive experience and mere preclinical data
will probably be considered insufficient for this
in most healthcare systems. There 1s, of course,
also a risk that individual physicians set the level
of scientific evidence for individual ‘reposition-
ing treatment’ too low, putting the patient at risk
and undermining the confidence in healthcare.
In addition, this kind of treatment very soon
comes close to research and would then run into
conflict with the principle of committee and
authority approval to safeguard ethics and scien-
tific quality.
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There 1s an obvious bridge from healthcare to
science here if the experience and outcome of
treatment of individual patients based on a sci-
entifically based ‘repurposing’ rational are made
public as ‘N of 1 or few’ studies. Such case stud-
ies could then form a basis for the selection of
treatments which are worthwhile to investigate
more thoroughly in adequately powered and
controlled clinical trials.

Overall, this sensitive grey zone between health-
care, science and unacceptable use of unjustified
beliefs seems relevant to discuss with the aim of
finding ways forward to benefit individual pa-
tients while simultaneously satisfying scientific
and ethical principles.
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Astra Zeneca is investing heavily in all
aspects of precision medicine, from
identifying new drug targets through
genome sequencing, to the development
of biomarkers for diagnostics and
combinatorial treatments. In this interview,
Senior Vice President and Head for Global
Medicine Developments, Oncology, Dr.
Klaus Edvardsen, outlines the opportunities
and challenges associated with the
advancement around implementing
medical advancements, such as targeted
therapies.

“We are in the beginning of a new era in
medicine which provides enormous opportuni-
ties. Science is at the heart of everything we
do, but it will be of no use to society if cant
deliver new medicines to patients. The new
therapies are very costly, therefore we have

to also be involved in delivery and in working
out mechanisms for pricing that will work for
different healthcare systems. But it is all in the
beginning, we need to have a differentiated
way of looking at it. As we develop an oncolo-
gy medicine, we often develop it for different
indications, the effect size may differ in various
indications. Therefore, there has to be a mech-
anism in discussions with payers that the price
will also be related to the effect size, which is a
direct translation of the value it offers.

The pharmaceutical industry plays an important
role in helping build the evidence-base need-
ed for healthcare planners to make priorities
and assign value to targeted therapies and
biomarkers. This is necessary to know what
treatments are efficacious and to avoid spend-
ing resources on giving medicine to patients
that will not benefit. Fundamentally, we as an
industry have an accountability to make sure
that we deliver that value from a scientific per-
spective.

We do this through trials where biomarkers
define patient populations to a large extent.
As an example, Astra Zeneca and the investi-
gators we are collaborating with are currently
involved in more than 500 active oncology
trials that enrolled almost 90,000 patients to
date.

A concrete example, which really highlights the
success we can have when we aim for some-

thing very specific is Astra Zeneca's molecule
which is targeting a specific mutation driving
a number of cancers, especially non-small
lung cancer. The Phase 3 AURAS trial results
show a median progression free survival of
10.1 months for patients on this new thera-
py versus only 4.4 months for patients using
the second-line treatment of platinum-based
chemotherapy.”

An important part of precision medicine

is the uncovering of the genetic drivers
which creates unprecedented opportunities
for drug discovery. Can you tell us about
Astra Zeneca's involvement here and the
challenges to overcome before genome
sequencing becomes an integrated part of
general healthcare?

“Our AstraZeneca Medlmmune Genomics
Initiative is a partnership which was launched
in 2016 together with the UK Biobank, the
FinnGen consortium, Wellcome Trust Sanger
Institute, University of Cambridge, UK, Colum-
bia University, US, and several other partners
with the bold ambition to analyze up to two
million genomes by 2026. It will lead to new
insights into the biology of disease and create
a foundation from which we can create new
medicines. It goes for all therapeutic areas, not
just cancer, but cardiovascular and metabolic
diseases as well. It will allow us to stratify our
clinical trials and lead to an understanding why
some patients respond to treatments when
others don't. It really is a crucial aspect of pre-
cision medicine. But it is not something the
pharmaceutical companies can lift alone.

As an example, the Medlmmune Genom-

ics initiative, will be sequencing 500,000
genomic samples donated by patients from
Astra Zeneca’s own clinical trials that we have
collected over a 15 year period, so we have a
huge amount of material internally. To make
something out of it in the long-term, we are
completely dependent on partnerships with
the outside world; the academic research and
hospitals where the patients are. For the next
step, and for genome sequencing to really be
an integrated part of healthcare, we also need
to get the healthcare financiers and the regula-
tory agencies into play. Each healthcare system
will need to see the value of investing in the in-
frastructure that is needed to use the technol-
ogy, including the biomarkers and diagnostic



testing to find the right patients, otherwise it

will be like finding a needle in a haystack. The
pharma industry can help in building the evi-

dence-base that all healthcare planners need

for any investment.

So we have a big task ahead of us of develop-
ing pricing mechanisms and regulatory pro-
cesses around precision medicine to make it
available for all the patient groups it holds
promises for.”

With genetic testing and biomarkers comes
the opportunity to use combinatorial
treatments. What are the obstacles
associated with taking these treatments
from the lab to the patient?

“If you really want to make sure that you tai-
lor treatments, you have to have a very broad
approach and partnerships, because it will
unlikely be one single company that has all of
the compounds that can target all of the ge-
netic abnormalities that drives one phenotype.
Imagine that as a doctor, | have a complete
understanding of the genetic make-up of what
drives a specific phenotype in the patient in
front of me. The best treatment would be to
perhaps combine compound X from Astra
Zeneca with compound Y from another com-
pany. But how do you conduct clinical trials
around these possibilities? We don’t yet have
a good mechanism for how to handle these
opportunities because that is not how drug
development is traditionally done.

| think one important aspect of combinatorial
treatments is to look at the diagnostic part.
The use of circulating tumour DNA Biomarkers,
liquid biopsies, might be what enables the use
of the combination therapies. Improving and
facilitating the process of biomarkers is an in-
tegrated part of our strategy, which has to go
hand in hand with the development of med-
icine. You need to find the patient in the real
world setting that would benefit from your
medicine, so it is complex and we are not quite
there yet, but it is an ambition.”

Despite the complexities and challenges
that we need to overcome, are you hopeful
that in a not too distant future we will

be able to bridge the advancement in
technology with the growing cancer
patient population globally?

Dr. Klaus Edvardsen, Senior Vice President and Head for Global Medicine
Developments, Oncology, AstraZeneca.

“I am extremely hopeful. To take the example
of lung cancer, not that many years back, we
didn’t even have the wildest belief that we
could cure non-small cell lung cancer patients
or transforming them into long term survivors.
Over the past years there has been a tremen-
dous development in targeted therapies that
are really substantially benefitting patients that
we never thought we could manage before, so
I am very hopeful.

| believe that we are just in the beginning of

all of this and the more we get involved in
genomics and the more we understand about
the drivers of disease, the better we can tailor
treatments. It is an extremely exciting moment.
| am not denying the obstacles; there are ob-
viously many things that needs to go hand in
hand to be successful here, but | fundamental-
ly believe that we all work for the same goal
and we are making progress every day towards
curing cancer.”
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The importance of patient power is being
recognised across healthcare, including the
pharmaceutical industry. In this interview,
Judith Love, General Manager for Novartis
Oncology Nordics, explains what a patient
focus means for development of cancer
care. She also discusses how to provide
safe patient access to Car-T cell treatments
and what the company is doing to increase
access to cancer treatment in regions where
resources are scarce.

“There are two aspects to patient involvement,
internally how we operate as an organization,
and externally how we enable a better expe-
rience for patients and their families through
working to make healthcare more accessible.

| think the pharmaceutical industry in general
can go a long way in improving the perception
people have of us as an industry, in some ways
we need to re-write our contract with society.
At Novartis, we have a commitment to be-
come more patient focused across the organ-
ization; it is part of our vision of re-imagining
medicine. That means we need to make it real
and alive in our everyday actions.

We have a new Novartis commitment to pa-
tients and to caregivers so that we can make
a bigger impact on patients at the end. This
commitment was co-created with patients’
input so that we focused on what was im-
portant to them. We worked with 40 patient
organizations, representing over 200 million
patients, so it is a good start.

From an outside societal perspective, we need
to find ways to address the gap between avail-
able infrastructure and the technological ad-
vances that enable better screening, diagnosis
and treatment. This will allow treating patients
with the right drug at the right time. The tech-
nology is moving faster than the regulations
and policies and in my view, from the pharma-
ceutical perspective, the gap just keeps grow-
ing. There is a massive disconnect between the
two. We got to shorten that timeline.”

In August 2017, the U.S. FDA approved
the first Car-T cell treatment to treat
children and young adults suffering from
acute lymphoblastic leukaemia (ALL). The

treatment is not yet approved in Europe,
and healthcare is aware that though the
treatment may save lives, it is not an easy
treatment to give, nor to receive. How is
Novartis collaborating with healthcare to
develop safe patient access?

“Car-T cell treatment is a real breakthrough;

it is trail blazing and requires that we work
together with the healthcare system. It is

not a drug; instead, it is a completely novel
therapeutic process that enables the patient'’s
own T-cells to be re-engineered via a unique
manufacturing process to be reinfused into the
patient.

We started collaborating with University of
Pennsylvania in 2012. Thanks to that collabora-
tion, we now have a very good understanding
of what it takes to successfully launch, man-
ufacture and establish a network of certified
treatment centres that are able to actually car-
ry out this therapeutic procedure in a way that
is safe for the patient. We need a rigorous ap-
proval system to ensure that we have the right
medical centres to treat these patients. We
also need to develop novel pricing and access
schemes that are outcome- and value-based.

Novartis has never walked down this path be-
fore — nor has the healthcare system, so this is
our opportunity to sit together and find ways
to bring this exciting treatment to the patient.
What is required at a hospital level, from pric-
ing and from policy? It is a unigue opportunity
to work together, but of course that is also
where many of the challenges lie. Imagine if
we get this right, and what it could mean for
other novel therapies.”

The majority of new cancer cases are
projected to occur in low-and middle-
income countries the next twenty years.
Can you tell us something how you can
contribute to developing care in these
regions?

“Novartis collaborates with the Max Founda-
tion on a broad initiative that is very patient fo-
cused in that we are working with an NGO for
the treatment and support at no cost for the
individual patient. We do this with the explicit
goal of assisting people living with Chronic



Judith Love, General Manager, Oncology Nordics.

Myeloid Leukaemia and to ensure that they
receive hands-on support, not just providing
the drug like many other projects would do.
This is more of a closed loop that entails four
key steps which includes donating the medi-
cine, funding the Max Foundation which then
delivers the medicine to the health centres
where physicians provide the medicine. The
last step is the Max Foundation providing con-
tinued psycho-social support and education
through their local advocacy organization.

We plan to invest more than 29 million into
this collaboration and provide 315 million
doses of medicines over the next four years.
We have 34 000 patients currently in the pro-
gramme in 70 countries across 4 continents,
that involves 1 400 trained physicians and 450
treatment centres. So, it is more than a dona-
tion, it's more of a sustainable footprint that

enables the system to be educated at the same

time”
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What are your expectations for Uppsala
Health Summit?

“I hope that there will be a lot of really con-
structive dialogue on the issues that count. It is
about understanding each of our perspectives
and working together with a shared view to
transform cancer. We only need to do it on

a small scale to begin with, just pick small
projects to collaborate together on, give it a
go and then see how we can work together
and scale it further. We all need to have the
courage to try to work together on mutual
challenges!”
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Programme Uppsala Health Summit 2018

Care for Cancer

Uppsala Castle, Sweden

Wednesday 13 June

17:30

Reception at the Skandion Clinic, Scandinavia’s proton therapy centre,
including a guided tour.

Thursday 14 June

09:00
09:15

10:30
11:15

12:45
13:45
15:15
16:00

17:10
19:00

Official opening

A Visionary Outlook

Dr. Susan Galbraith, Head of Oncology, iMed, Innovative Medicines, AstraZeneca
Professor Max Parkin, Nuffield Dept. of Population Health, Oxford University
Professor Klas Karre, Chairman of the Swedish Cancer Society’s research committee

Coffee break, with delegate match-making

Workshops in parallel

A. Precision Medicine in Cancer Care

B. Biobanking for Global Cancer Care

C. Clinical Value and Price Setting for New Cancer Drugs
D. Long Term Care for Cancer survivors

Lunch
Workshops continue
Coffee break, with delegate match-making

Patients as a driving force to develop care
Gregory C. Simon J.D., President, Biden Cancer Initiative

Ingela Franck Lissbrant, MD, PhD, Sahlgrenska University Hospital and
Swedish National Prostate Cancer Registry

Marie Ennis O'Connor, Patient Empowerment Foundation and Health Care
Social Media.

Kelechi Eguzo, MD, MPH, Nigerian Christian Hospital; Chairman Marjorie Bash
Foundation, Nigeria

Reports from workshops

Dinner



Friday 15 June

08:45
09:00

10:00
10:45

12:15
13:15
14:45
15:15

16:25
16:55

Welcome back

Access to treatments and diagnostics

Dr. Mariangela Simao, WHO, Assistant Director General

Professor Arnie Purushotham, King's College London and Tata Trust, Mumbai
Thomas B. Cueni, Director General, International Federation of Pharmaceutical
Manufacturers & Associations (IFPMA)

Coffee break, with delegate match-making

Workshops in parallel:

E. Towards Useful Biomarkers for Cancer Care

F. Using Data for Better Cancer Treatments

G. Implementing Physical Exercise in Cancer Care
H. Cancer Drug Repositioning

Lunch
Workshops continue
Coffee break

The threats against public health: Governance vs behavioural changes to stop
smoking

Professor Mike Kelly, Institute of Public Health, University of Cambridge

Dr. Vinayak Mohan Prasad, Programme Manager, WHO Tobacco Free Initiative
Professor emerita Barbro Westerholm, Member of Swedish Parliament

Reports from workshops

Conclusions and take-home messages

A summarising dialogue with Programme Committee Chair Professor Lars Holmberg
and delegates
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Senior Advisor, the Swedish Research Council for Health,
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Advisory Board
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Former chairman of the Council of the World Medical
Association; former CEO and Secretary General of

the Swedish Medical Association, of the Swedish Red
Cross and of the Swedish Confederation of Professional
Associations

Dr. Elisabeth Bjork
VP, Head of Cardiovascular and Metabolic development
unit (CVMD), AstraZeneca

Dr. Gilles Forte
Coordinator Policy, Governance and Knowledge
Management, EMP, World Health Organization

Professor Florence Haseltine
Founder Society for Women’s Health Research;
Former Director NIH Center for Population Research

Dr. Bernadette Klapper
Director of Health, Robert Bosch Foundation

Thomas Lonngren
Strategic Advisor NDA Group AB; former Excutive
Director European Medicine Agency, EMA

Joy Phumaphi
Executive secretary African Leaders Malaria Alliance,
Former minister of Health Botswana

Dr. Ingrid Wiinning Tschol
Senior Vice President, Strategy, Robert Bosch
Foundation Think Tank

Project management

Madeleine Neil
MSc Ba and Econ., Project manager Uppsala Health
Summit, Uppsala University

Kerstin Stewart
MSc Public Health, M.Soc.Sci, Deputy Project Manager,
Uppsala Health Summit, Uppsala University

Program Committee

Chair: Professor emeritus Lars Holmberg
Uppsala University, King’s College of London

Professor Erik Bongcam Rudloff
Head of SLU Global Bioinformatics Centre, Swedish
University for Agricultural Sciences

Dr. Asa Cajander

Senior Lecturer, Division of Visual Information and
Interaction, Department of Information Technology,
Uppsala University

Dr. Ingrid Demmelmaier
Researcher, Department of Public Health and Caring
Sciences, Uppsala University



Dr. Birgitta Grundmark

Researcher, Specialist physician at
Department of Surgical Sciences, Uppsala
University; Senior Researcher WHO-Uppsala
Monitoring Centre

Dr. Birgitta Johansson
Senior Lecturer, Department of Immunology,
Genetics and Pathology, Uppsala University

Professor emeritus Lars Loof
NT-Radet, The New Therapies Council

Dr. Ulla Martinsson
Senior Consultant, Uppsala University Hospital
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Department of Medical Biochemistry
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Department of Immunology, Genetics
and Pathology, Uppsala University; Senior
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