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1. HealthconomicCrises

« Rises inunemployment caused many countries to cut
public-sector expenditure on health care

* Increases in mortality rates
* suicide rates
» cardiovasculardisease incidence

->This is due to increased behavioural, mental, and
physiological stress

2. Cancer (worldwide)

Cancer Cases (in 000 000) Direct and Indirect Costs (in hillion)
22 $458
2012 2030 2010 2030

Source: GLOBOCAN 2012 (IARC) Source: American Association of Cancer Research (AACR)
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3. Alzheimer (European Union and US)

Alzheimer Cases in EU (in 000 000) Alzheimer Cases in US (in 000 000)
174 139

8.7

. 5'1
2010 2040 2015 2050
Costs (in hillion)
$1.100

Cost per person with dementia
€22,000 per year
$226

2015 2050
Source: http://www.alzheimer-europe.orqg/ Source: http://alz.org/
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4. The Lancet

Unemployment increases are associated
with rises in cancer mortality

the 2008-10 economic crisis was
associated with about

260 000 excess cancer-related deaths in
the OECD countries
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Articles

Economic downturns, universal health coverage, and cancer
mortality in high-income and middle-income countries,
1990-2010: a longitudinal analysis

Aisyah Mohd Noor, Callum Williams, Raghib Al Richard Sullivan, Themas Zeftner, Rifat Atun

Mahiben Maruthappu, Johnathan Watki

Summary

Background The global economic crisis has been associated with increased unemployment and reduced public-sector
expenditure on health care (PEH). We estimated the effects of changes in unemployment and PEH on cancer
mortality, and identified how universal health coverage (UHC) affected these relationships.

Methods For this longitudinal analysis, we obtained data from the World Bank and WHO (1990-2010). We aggregated
mortality data for breast cancer in women, prostate cancer in men, and colorectal cancers in men and women, which
are associated with survival rates that exceed 50%, into a treatable cancer class. We likewise d data for lung
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and pancreatic cancers, which have 5 year survival rates of less than 10%, into an untreatable cancer class. We used
multivariable regression analysis, controlling for country-specific demographics and infrastructure, with time-lag
analyses and rob checks to i i the ionship between loy PEH, and cancer mortality,
with and without UHC. We used trend analysis to project mortality rates, on the basis of trends before the sharp
unemployment rise that occurred in many countries from 2008 to 2010, and compared them with observed rates.

Results Data were available for 75 countries, representing 2-106 billion people, for the unemployment analysis and
for 79 countries, representing 2-156 billion people, for the PEH analysis. Unemployment rises were significantly
associated with an increase in all-cancer mortality and all specific cancers except lung cancer in women. By contrast,
unireatable cancer mortality was not significantly linked with changes in unemployment. Lag analyses showed
significant associations remained 5 years after unemployment increases for the treatable cancer class. Rerunning
analyses, while accounting for UHC status, removed the significant associations. All-cancer, treatable cancer, and
specific cancer mortalities significantly decreased as PEH increased. Time-series analysis provided an estimate of
more than 40000 excess deaths due to a subset of treatable cancers from 2008 to 2010, on the basis of 200007 trends.
Most of these deaths were in non-UHC countries.

Interpretation Unemployment increases are associated with rises in cancer mortality; UHC seems to protect against
this effect. PEH increases are associated with reduced cancer mortality. Access to health care could underlie these
associations. We estimate that the 2008-10 economic crisis was associated with about 260000 excess cancer-related
deaths in the Organisation for Economic Co-operation and Development alone.

Funding None,

Introduction
The economic crisis beginning in 2008 saw substantial
rises in unemployment, and caused many countries to
cut public-sector expenditure on health care (PEH).
Several studies have shown the impact of such
macroeconomic changes on outcome indicators such as
suicide rates, cardiovascular disease incidence, and all-
cause mortality, with economic downturns leading to
increases in respective mortality rates, likely due o
increased behavioural, mental, and physiclogical stress—
so-called healthconomic crises.®

Cancer is a leading cause of death worldwide,
accounting for 8-2 million deaths in 2012, with estimates
suggesting a rise in annual cancer cases from 14 million
in 2012, to 22 million by 2030.” As such, an understanding
of the effects of macroeconomic changes on cancer
outcomes worldwide is important. However, few studies
have analysed the relation between economic downturns

and cancer outcomes, especially in countries with
underdeveloped social security and health-care systems,
which can be particularly susceptible to economic shocks

Establishment of a causal relation between an
economic change, such as aggregate unemployment,
and cancer mormlity has been challenging because
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downstream  effects of ploymentinduced be-
havioural changes on lifestyle-related cancers manifest
mmuch later (after 20-30 years) than, for example, suicide
or acute stress-related cardiovascular events. However,
access to health care and PEH might act as mediating
factors with more immediate effects on health outcomes.

We examined the association between changes in
aggregate unemployment and PEH with deaths due to
specific cancers, groups of cancers, and all cancers for
countries with available data for 1990-2010 deemed to be
of sufficient quality. Mortality was regarded as a more
reliable measure of health outcomes than incidence
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What economists say about health and economic growth

« Healthisanimportant determinant of economic growth (Barro, 2013)

1. better health tends in various ways to stimulate economic
growth

2. ecog[0{nic growth encourages further accumulation of health
capita

* No clearrelationship (Acemoglu, Johnson, 2006)
» Medicalinnovations from 1940 to 1980:

large increase in smallerincrease in
life population GDP

« Other empirical findings on the impact of health on GDP

» 1 extra year of life expectancy -» 4% increase in GDP per
capita (Bloom et al., 2004)

» 1% increase in life expectancy -» 6% increase in total GDP in
the long run, and 5% increase in GDP per capita (Swift, 2011)
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When one considers developing countries,
the assumption that income growth will
automatically lead to health improvement is
unwarranted; and the assumption that
income growth is the best way to achieve
health improvement is even more
unwarranted.

Deaton (2006) writes, “Economic growth
frequently needs help to gquarantee an
improvement in population health”

David N. Weil (2014)
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9 July 2015
ScientificAB - UN Secretary-General

 Investingup to 3.5% of GDP in
science, technology and innovation
can be "the game changer” for

Scientific Advisory Board

of the Secretary-General of the United Nations

hosted by the
United Nations Educational, Scientific and Cultural Organization

development
Science, Technology and Innovation:

® SCienCE, technology and innovation Critical Means of Implementation for the SDGs
can help alleviate poverty, reduce
inequalities, increase income and
improve health, scientists advising bt ol Dicuin 0 n 22 r 205 U 1 s v
U.N. Secretary-General Ban Ki-moon
on sustainable development said

 Closing the gap between developed

and developing countries depends
on first closing the gap on science,
technology and innovation



How to Investin Science?
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Big vs. Small Science Conundrum

« We just don't know" whether it is "better to spend $3 billion on the
Human Genome Project or to support 6,000 researchers each to the
tune of $500,000" Megaprojects, like epidemiological cohorts, that
“provide inputs for more research down the road” but don't by
themselves, provide answers "“are especially difficult to evaluate.

Paula Stephan. How Economics Shapes Science. Harvard University
Press, 2012

Investing in Distant Reward e

* Would you spend money today to make
the world a substantially better place - [E——
for your children and grandchildren?

Most of us would.

« But what if the benefit would accrue
only to your great-%reat-g reat-great-
grandchildren, not born until the 22nd
century?

William Press, Science, 2013
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» Benefits of scientific discovery are heavy-tailed and
can play paradigmatic changes, but need financial

resources

One of the projects Google eventually settled on was what
Conrad calls the “Nanoparticle Platform,” an effort to build a
cancer-detecting pill, publicly revealed last week. The idea is
that this pill will contain magnetic nanoparticles that can
latch onto certain cancer-related molecules in the
bloodstream—and that a wearable device could then use
magnetic properties to recognize when this happens. As
Gambhir points out, this is just one of many efforts to detect
cancer in vivo—i.e. within the body, without drawing blood.
But he’ll also tell you that Google brings something new to
such a project.

Part of it, he explains, is that Google has built an unusually
talented team that spans multiple disciplines, including
physics, chemistry, and biology. “They have brought on a lot
of very smart people that are thinking about these problems
in very unique ways, * Gambhir says, pointing out the
company has hired some researchers from his lab. Certainly,
some academic centers have built their own multi-discipline
teams, but on top of this, Google provides a new kind of
corporate leverage. It aims to push this sort of thing into the
market at speed.

CADE METZ BUSIN

WIY GOOGLE'S CANCER-
DETECTING PILL IS MORE THAN
JUST HYPE

Google is hoping to build nanoparticles that can detect cancers inside your body-~and notify
a wearable computer on your wrist. @ Google

NEWS & VIEWS
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Cancer vaccine triggers
antiviral-type defences

extremely well suited to handling and present-
ing antigens to actvate T cells, Culiured den-
dritic cells that have been Icaded with antigens
m vifra can boost immunity when given to
‘patients with cancer, but upto now theclinical
efiicacy ai this st tegy has been limited. ost
of these vaccines use dendritic cells that have
been derived i vitro from white blood cells
called monosytes. Exvivoactivation of differ-

leading
features,

with antiviral-1lke
5e.

ent dend 1 subsets that naturally circu-
late in the blood has also been investigated,
using several types af dendritic cell incuding

JOLANDA DE YRIES & CARL FIGDOR

Only relatively modest immune responses

dendritic cells, which produce
‘high levels of the immune-response protein
interferon-a (IFNa) upon viral infection*,

oocur with

we onheal thy tissue. Strong
i when

revent ive most
P ireformot Tt
apaper onling in Nature, Kranz et al.'
describe a vaccination strategy agains cancer
that targets existing tumours by recruiting

«cancer cells express antigens tat are not usu-
allyexpressed in normal adudt cells
Another reason is that the growth of a

immune against
viral infection. The authors used nanoparticles
carrying tumour RHA to simulate the intru-
sion of a viral pathogen into the bloodstream.
‘When the nanoparticles reach lymphoid

mdumngmuplemmmphuum

cancer s not by strong inflam-

‘matorysignals stich as those that occur dur-

ing microbial infection and which initiate a

mﬂglmmummpouse Thisleads to tumour
in which i

talerate, or even promote, cancer growth’.

they in
Jmm!m(iﬂ.ﬂuthsaﬂendmlc(eﬂu The den-
dritic cells translate RNA obtained from the
manoparticlesto express and present tumour
antigens (malecules used by the immune
‘Tespanse as sttack targets) tothe T cells afthe

an antitumour immine réspanse,

waccines must therefore work
‘when the disease has slready taken hold. and
often when it has spread throughout the body.

vaccines
aimed at directly activating the patients own
dendritic cells i vive, which avoidslaborious
and expensive iu vitro culture”. Such avaccine
‘requires at least thiee components: an ddress
Iabel {a dendritic-cell-specific antibody or
ligand molecule such as a carbahydrate)**
that targets the dendritic cell; a tumour anti-
gen;and a compound that readies the dendritic
cells to fiully activate T cells (usually a ligand
fiora Talk-like receptor (TLR}). Manoparticles
containing antigen and TLR ligands, slong
with targeting antibodies or other ligands,
have proved effective in animal models®,
and initial clinical trials using conjugates of

Last, andina

viruses, most
and coevelve with our immune systems over
years. Tesulting in an immunosuppressive

dendritic-cell antibodies bound to
& TMmOUr antigen are under way (see ref. 10 for

examples]
mzsaihm&vﬂqxdadmﬁummx

that addsan extra

Why isit so difficult vaccinate
againgt cancer? One resson is that cancer cells
are similar in many ways to normal cells and
the immune system avoids attacking the self

approaches for a range of dis-

of nanoparticle does nat require
antibodies or ligands to target the dendritic
cells. Instead, they made nanoparticlesconsist-

eases, specialied antigen-presenting cells have
apivotal role. Dendritic cells in particular are

ing af RMA-lipi Theyfira dem-
onstrated that, by meking the nanoparticles

a » Initial T-call priming Atiganspadiic
.  call attack o tumour
migratan a Firal T.call
maturaon primirg,
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Big vs. Small Science Investing
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« We should make risky research-based investments “in
distant rewards” feasible also in the short-run

« Maybe we could reformulate the question as:

HOW CAN WE MIX BIG WITH SMALL SCIENCE PROJECTS?
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Fernandez, Stein, Lo (2012)

- Do notinvestinonesingle
project, instead consider o
. . Commercializing biomedical research through
| ﬂVEStI ﬂ g | n a I'] U I"ﬂ b e r Of securitization techniques
proje cts simultaneous ly T

attractive to pension funds, insurance companies and other and economic circumstances. That hiomedicine is far mor anced

large institutional investors. today than even a decade agoisi

putable, but breakthroughs such

collateral

as malecular biomarkers for certain discases generate many new

Consensus is growing that the bench-to-bedside process of trans-  potential therapies to be investigated, cach of which requires years

lating biomedical rescarch into effective therapeutics is broken. A of translational research at a cost of hundreds of millions of dollars

and more difficult to finance with traditional sources such molecularly targeted oncology drugs, new modes of medical imaging
as private and public equity. Here we propose a financial and radiosurgery, biomarkers for drug response or for such diseases
[ ] ) structure in which a large number of biomedical programs at as prostate cancer and heart disease, and the use of human genome
. E various stages of development are funded by a single entity sequencing to find treatments for diseases that have confounded
E to substantially reduce the portfolio’s risk. The portfolio conventional medicine, not to mention advances in bioinformat-
§  entity can finance its activities by issuing debt, a critical ics and compuling power that have enabled many of these applica-
) ) ) P advantage because a much larger pool of capital is available tions. Moreover, there are many life-threatening diseases for which
= for investment in debt versus equity. By employing financial the number of afflicted individuals continues to increase—if for no
-? engineering technigues such as securitization, it can raise other reason than population growth—implying a growing demand
S even greater amounts of more-patient capital. In a simulation o therapeutics from a grateful and price-insensitive clientele. Why,
. using historical data for new molecular entities in oncology then, does the industry appear 1o be so challenged?
E from 1990 to 2011, we find that megafunds of $5-15 billion Here we propose one explanation for this apparent inconsistency
re S e a rc ro ra I I I S a S L3 may yield average investment returns of 8,9-11.4% for equity  and a possible solution. Our propesed explanation is the trend of
£ holders and 5-8% for ‘research-backed obligation’ holders, increasing risk and complexity in the biopharma industry. This trend
E which are lower than typical venture-capital hurdle rates but can be attributed 1o at t two distinct sources: scientific advances
<
@
=
£
@
=
o
-
[~
o™
©

confluence of factors is responsible for such simism but one of  and has a substantial likelihood of failure. Although such compl
the most widespread is the sense that the current business model for  offers new hope to the afflicted, it also pr
D is flawed' %, The productivity of big pharmac

Indeed
There is "“missing” private
R&D on scientifically feasible
projects that would be
developed but for their long
commercialization lags

pe: ty

nls &n enormous number

life sciences R

euti-  of uncertain prospects that must be triaged by researchers, biopharma

asured by the number of new molecularentity  business executives, investors, policymakers and regulators.

pplications per dollar of R&D) investment—has A hast of economic conditions has also con

and public-poli

rlal

rearsd, and their stock-price performance over  tributed to this un

turn of —1.2% for the New York  drug

y, including declining real prescription
R&D
e ‘patent cliff” of 2012 during which several blockbuster

ending;

ising drug-development costs and shrink

al Tndex during the period from  budgets; t

12—has been equally disappointing.  patents will expire; increased public-policy and regulatory uncer
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« Eroom’s Law: Even with the tremendous and
continued advancements in the R&D cost to bring a
new drug to market is still increasing linearly

FDA tightens
regulation
post-thalidomide

—
o
o

FDA clears backlog
following PDUFA
regulations plus small

Number of drugs per billion US$ R&D spending*

10
bolus of HIV drugs
10— e e el o o oo i oo e o o o - o o 0 Sl N e S N S R I S
First wave of
biotechnology-
derived therapie
O'l — - - - v v .
1950 1960 1970 1980 1990 2000 2010

Jack W. Scannell, Alex Blanckley, Helen Boldon & Brian Warrington
Nature Reviews Drug Discovery11,191-200 (March 2012)

« Reforming (and digitizing?) clinical trials could help
{pwer R&D costs, reduce time to approval and save
ives
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