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Medicine goes digital

The conergence of biology and engineering is turning health car
into an inbrmation indugy. That will be disptive, sas \fjay
Vaitheeswaain, but also hugely benefcial to patients

NNOVATIO N and medicine go together.

The ancient Egyptians are thought to
have performed surgery back in 2750BG
and the Romans developed medical tools
such as forceps and surgical needles. In
modern times medicine has been trans-
formed by waves of discovery that have
brought marvels like antibiotics, vaccines
and heart stents.

Given its history of inno vation, the
health-care sed¢or has been surprisingly re-
luctant to embrace information technol-
ogy (IT). Whereas every other big industry
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But now, in tts and garts, medicine is at
long last catching up. As this special report
will explain, it is likely to be transformed
by the introduction of electronic health re-
cords that can be turned into searchable
medical databases providing a Esart
gride for medicine th at will not onl y im-
prove dinical practice but also help to re-
vive drugs researd. Developin g countries
are already using mobile phones to put a
doctor into patients' pockets. Devices ard
diagnostics are also going digital, advanc-

ing such long-heralded ideas as elemedi-
cine, personal medical devices for the
home and smart pills.

The trst technological revolution in
modern biolo gy started when James Wat-
son and Francis Crick desaibed the struc-
ture of DNA half a century ago. That estab-
lished the tfelds of molecular and cell
biology, the basis of the biotechnology in-
dustry. The sequencing of the human ge-
nome nearly a decade ago set 0... a seand
revolution w hich has garted to illuminate
the origins of diseases.

The great convergence

Now the in dustry i s nvinc ed that a third
revolution is under way: the convergence
of biology and engineering. A recert re-
port from the Massachusets Institute of
Technology (MIT) says that physical sci-
ences have already been transformed by
their adoption of informa tion technology,
advanced materials, imaging, nanotech-
nology and sophisticated modelling and
simulation. Phillip Sharp, a Nobel prize-
winner at that university, believes that
those tools are ebout to be brought to bear
on biology too.
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Robert Langer, a biochemist at MIT
who holds over 500 patents in biotechnol-
ogy and medical technologies and has
started or advi sed more than 100 new com-
panies, think s innovation in medic al tech-
nologies is éout to take o.... Menno Pins
of Philips, a Dutch multination alwithab ig
medical-technology division, explains
that, Elike lcemistry before it, biology is
movin g fromaw orld ofalchemy andigno-
rance to becoming a predictable, repeat-
able science.s Ajay Royyuru of IBM, anIT
giant, argues that Eit's the &nsformation
of biology into an information science
from adiscovery science.e

This special report will a sk how m uch
ofthisgrandvisionislik elyto become real-
ity. Some of the industry's optimism ap-
pears to be well-founded. As the rich
world gets older and sicker and the poor
world gets wealthier and fatter, the market
for medical innovations of all kinds is
boundto grow. Clevertechnology can help
solve two big problems in health care:
overspending in the rich w orld and under-

HIT or miss

provisionin ginthe poorw orld.

But the chances ae that this will t ake
time, and turn out to be more of ar eforma-
tion than a revolution. The hidebound
health-care systems of the rich w orld may
resig newt echnologies e/en as poor coun-
tries leapfrog ahead. There is already a
backlash against genomics, which has
been oversold to consumers as a dgermin-
istic science. And given soaring health-care
costs, insurers and health systems may not
want to adopt new t echnologies unless in-
ventors can show conclusively that they
will produce better outcomes and o..er
value for money.

If these obstades can be overcome,
thenthe biggegwinnerwillbe the p atient.
In the past medicine has taken a paternal-
istic stance, with the all-kno win g phys-
ician dispensing wisdom from on hi gh, but
that is becoming increasingly untenable.
Digitisation promises to @nnect doctors
not only to e verythin g they need to know
about their patients but also to other doc-
tors who h ave treated simil ar disorders.

The digitisation of medical records éttipg closer

REN GREENBLAT is ba%.ed by the
technical backwardness of America's
costly health system. He own s Marlin Steel
Wire Products, a snall Trm b ased in Balti-
more that makes mmponents for Toyota,
Roche and other multinational s. He o.ers
good health coverage for his employees,
but his health costs have nearly doubled
since 2000. Last Sepgember he went to
Congress to plead for legislation that
would modernise the information tech-
nology used by Americ a's medical system.
@y receptionist, my shippin g derk and
even the industrial robots on my factory
fooruse e-nail,* he says, Eso Wy can't| e-
mail my d octor?e
It is a reasonabe question. After all,
America spends some 16% of its GDP on
health care, the largegd share of any big
country. Aman from Mars would certainly
expect doctors in the world's most techno-
logically advanced country to have ready
access to e-mail, and probably also to so-
phisticated health information technol-
ogies HIT) such as eledronic health re-
cords (EHRs). Rut simply , EHRs are digitised
versions of all the bits of paper usually
keptin fles by all the d octors a patient sees

regularly. HIT describes all the hardware,

softwar e and other kit needed to make
sense of the data and to give remote aaess
tothem. Yet although most health-care pro-
viders have installed computer systems to
deal with b ack-o"c e tasks such as hilling,

shockingly few h ave modernised the bits
of their business that patients like Mr
Greenblatt encounter.

Pass the papyrus scroll
Recent studies suggeg thatfewerthan one-
tfth of the d octors' 0”ces in Americ ao..er
EHRs. Many other rich countries are doing
better. Denmark has an eledronic health
(e-health) system to which nearly every-
oneis cnnected, and away to track w hich
drugs have been prescribed to whom, by
whom and when. Other c ontinental Euro-
pean countries are buildin gHIT grids.
More impressively, parts of the devel-
oping world are leapfrogging the richer
countries' technologies. India's Apollo
hospital chain has for years been using an
advanced EHRs system, built locally, that
integrates back-o"c e functions with the
sortof d ata on patients doctors need o see
Apollo Health Street, a successtil 0..shoot,
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The coming oonvergence of biology
and engineering will be led by inf orma-
tion technologies, which in medicine
means the digitisation of medical r ecords
andthe egablishmentofanin telligent net-
work for sharing those records. That essen-
tial reform will en able many other big
technological changes to be introduced.

Justasimportant, it can make thatinfor-
mation available to the patients too, em-
powerin g them to play a bigger part in
managing their own he alth a..airs. This is
controversial , and with good r eason. Many
doctors, and some patients, reckon they
lack the knowledge to make informed de-
cisions. But patients adually know a great
deal about many diseases egecially
chronic ones like diabetes and heart pro-
blems with w hich they often live for many
years. The beg¢ way to deal with those is
for individual s to take more responsibility
for their own he alth and prevent problems
before they require costly hospital visits.
That means putting eledronic health re-
cords directly into patients' hands.7

sells HIT softwar e and services b Ameri-
can hospitals. Rathap Reddy, Apollo's
founder, wants to build an open-source
(Bealth superhighwaye in India from
which everyone can beneft, not just the
better-o... who use his hepitals.

Another developing-country pioneeris
aThaicompany, Bumrungrad. Foreign visi-
torstoits hospital in Bangkok are often sur-
prised by its geaming new facilities, com-
plete with a Starbucks ..ee dop in the
lobby, and by its superb customer service.
Those visible signs of modernity, along
with its high-quality, low-cost medical of-
ferings, have helped to make it a popular
destination for m any medical tourists
from the rich w orld. Bumrungrad makes
innovativ e use of HIT. In the absence of
suitable o..erings from Western software
vendors, the company also built its hospi-
tal-management system from scratch.
When Microsoft decided to enter this in-
dustry afewy ears ago, itwas so impressed
thatitbought the Thai trm's softwar e divi-
sion outright.

If health providers were to switch to
EHRs integrated into a GEwart gride of in-
formation technologies, the future of1l
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2 medicine could look a lot b righter. Herbert
Pardes, the head of N ew York-Presbyterian
Hospital, believes that if used properly this
bundle of technologies @uld give more
power to patients, transform the daily
practice of medicine and assig research
into new p harmaceuticals.

The RAND Corporation, an American
think-tank, examined the potential bene-
ftsof digitising health systemsina 2005 re-
port. It estimated that, if 90% of hospitals
and doctors in America were to adopt HIT
over 15 years, the health system could save
some $77 billion a year from ecienc y
gains (see bart 1. If health-and-safety
benetts are aken into account, the gains
could double, saving about 6% of the $26
trillion th at will be s pent on health care in
Americathisyear.

HIT sceptics including some leading
doctors, have pointed out that the RAND
forecad is merely a theoretical calculation,
but real-world experience now supports
its conclusions. A gudy published in the
Archives of Internal Medicine in January
compared a group of hospitals in Texas
that has adopted advanced HIT systems
with a group that has not. It found that the
frst group su...eed 5% éwer deaths and
16% ewer complications, as well as enjoy-
ing low er costs.

Even gtronger evidence comes fom
Kaiser Rermanente, an unusual American
health-care chain w hose 8.6m matients re-
ceive fully integrated care, rather as they
would from a government-run service
such as Britain's National Health Service
(NHS). That made it much easier to imp le-
ment an ambitious HIT system costing
over $4 billion. It says it now h as 0%
compliances from doctors.

In March Kaiser Rermanente published
evidence in Health A...airsshowin g that its
digital e..orts have cut visits per patient by
an average of 26%, thranks to more e-mail
and telephone consultations. That saves
money and increases e"ciency, but pa-
tients seemto like it too.

So America has at last decided to get se-
rious about digital medicine. The giant 1s-
cal-stimulus package passed earlier this
year by Congress includes nearly $20 bil-
lion to create a national health-informa-
tion network , includin gincentiv es for hos-
pitals and doctors to adopt EHRs. But
various obstades auld yet getinthe w ay.

Backin the early 1960s Morris Collen of
Kaiser Rermanente attended the trst glo-
bal conference on Emedical elgonicse
and became mnvinced that this was the
future<onl y to see one e...ort &er another
fail over the next 40 years. Eve Kurtin of
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Vantage Roint, an American venture-capi-
tal fund, says her company has also tried
and failed repeatedly over the past 20
years. Bven Google seens uncharacteristi-
cally cautious. The head of its EHRs e.ort
concedes that Ehalthis hard.e

One stumblin g block has been privacy,
but the technical tools to safeguard it, such
as enayption software, have improved so
much that this should no lon ger be a pro-
blem. Recertlegal changes also help. Aw
passed in America last year stops insurers
or employers from using genetic informa-
tion as a hasis for discrimination. Lorenzo
Valeri of RAND's European division poin ts
to a web of EU-wide and national regula-
tions that provi de strong safeguards.

A bigger obstade has been resistance
from doctors, some of which stems from
failed previous e.orts to introduce HIT.
Doctors and nurses have too often been re-
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quired to learn how to use new software
but have rarely been compensated for
their time or seen tangible medical bene-
fts. Thatis why much of the health money
in the American stimulu s package will go
on providin g tnancial incentives to en-
courage doctors to go digital.

But fancy kit and pots of money alone
are not enough, as Britain has discovered
to its cost. Under a scheme known a s Con-
necting for Health, the NHS is spending
nearly £13 billion digitising Emgland's
health system. It may succeed in the end,
but the process has been ggonising. The re-
formers drove ruthless bargains with the
HIT vendors involved, but that policy
backtred, says James Brlow of Imperi al
College's business school. o big ven-
dors, Accenture and Fujitsu, were
squeezed out. In January a parliamentary
report concluded that the project was at
lead four years behind schedule and that
the tnal costmightyet soar.

An even bigger faw w as that the pro-
ject was too top-down. Doctors and hospi-
tals groused that their concerns were not
retected in its desgn. John Halamka, the
chief inf ormation o"cer at Harv ard Medi-
cal School, thinks that reformers need
take a bottom-up approach and listen to
both doctors and patients. He has shared
EHRs with p atients at Boston's Beth Israel
Deacones Medical Centre for years and is
convinc ed patient control w orks better.

Top-downorbo ttom-up?

Smon Eccles the medical director at Con-
necting for Health, counters that Esome-
times centralisation i s good.» A top-down
approach, he says, makes it easier to set
common security standards and data-
sharing protocols, for example. That may
well be true for small countries. Denmark,
for example, has done well with a modes t
top-down HIT system. Butit will p robably
work less well in a large and heteroge-
neous system like the NHS Dr Ecdes mon-
cedes that his system could have provided
more choice to local hospitals.

Kaiser Rermanente's Dr Collen, now in
his 90s thinks that technology has at last
beocome robust and reliable enough to im-
plement the vision he had over four de-
cades ago. But the father of HIT insists that
digitisation will s ucceed only if coupled
with empowerment: (EThe g@tient has
lived with his medical problem and often
know s it better than the doctor.«

The American HIT reform s will unf old
inthree phases (seebart 2, next page). The
frst will in volv e health-informa tion ex-
changesto make sure that systems work to-
gether. The next phase<whic h may run
concurrently wi th the frstwwill be the
adoption of EHRs. The tnal phase will in-
volve the analysis of patient data to im-
prove medical practice and drugs research.

One concern is that big software ven-
dors or health providers with expensive
legag/ systems may try to slow thin gs
down so that they can milk their e xisting
businesses. Rter Neupert, who heads Mi-
crosoft's HIT e...ort fears that a debate
about standards oould turn in to an excuse
for inaction: Ekt's remember HIT is not
like railways, where the cauges had to
match perfectly forin teroperability .

America's respeced Institute of Medi-
cine has expressed gmil ar concerns. In a
recert report it pointed to the dangers of
too Emonolithice an approach and said
that medical information must be free to
move about on rival softwar e systems.

The best way to ensure that the frst
phase does not get captured by interest1
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I As easy as one, two, three

America's forgag investment in hedh information technology, $bn
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2 groups may be to push ahead wi th phase
two at the same time by putting EHRs in
the hands of patients. But this is controver-
sial. Thomas Lee, the boss of Partners
Communi ty Healthcare, a large health pro-
vider in Boston, and a medical doctor him-
self, acknowledg es that the days of the all-
knowin g doctor are gone. CEl penly Goo-
gle things | don't know in front of my
patients,e he says. But nor does he think

patients should be given a free hand: Il

Hying blind

want the provider to control records be-
hind a tfrewall, and to let patients peepinto
them as ne@ssary.e

That view is sq uarely opposed by Aure-
lia Boyer, the chief information o"c er for
New York-Presbyterian Hospital and a for-
mer nurse. She thinks that health care is
(Baternalistic by n ature.» Rather than wait
for HIT integration among lumbering
health-care giants, she wants to give pa-
tients acess to their data immediately, in
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the hope of linking up the di sconnected
bits of the health system more speedily.

Her hospital has just launched a pilot
EHRs sdeme using Microsoft's Health
Vault software that gives full control of
data to individual s. Ritients can now de-
cide which bits of their records they wi sh
to share with whom: all of themwi th their
emergency medical doctor, most with
their in surers, some with their derm atolo-
gist, and so on. Some dctors worry th at
patients may not alway s make the right de-
cisions, but at least an electronic system
will elimin ate the mix-ups that happen in
today's paper-based g/stem.

Arecentinvestigation ofthe NHSby the
Health Senice durnal foun d thatmany pa-
per-based records are lost or misplaced. It
calculated that perhaps 12m Bitish pa-
tients are being treated each year by doc-
torswithout proper notes to hand. lan Gal-
lifant of Zaptag, a brash British frmth at is
tryin g to prise ontrol of medical r ecords
away from doctors, puts it this way: E&
cords have to be owned by someone and
the trials in Britain are perhaps indicating
that the NHSis not the entity to h ave that
responsibility. Why not the individual,
who has the mostto gain?e7

Digital medicine will iprove medical care<and possiblgvive drug discary too

NDY GROVE thinks health-care experts
should study the chip business. The

former boss of Intel, a pioneering micro-
processor trm, has gent a lot of time in
hospitals of late because he has been batt-
ling with prostate cancer and Parkinson's
disease His experience with uneven care,
medical errors and slow inno vation has
convinced him that the health industry
needs to do much better.

Dr Grove adknowledges that health
care is much more complex than chip
manufacturing, but argues that the learn-
ing process in medicine is needlessly slow.
In his business frms always reserve a
small portion of e ach newl y designed chip
for testing. This reduces the part available
for commercial use, but it allows Trms to
learn quickly from failures. By ontrast,
health care often lacks real-time informa-
tion systems and data feedbad loops are
sluggish. Learning comes in batches like
slow and inf requent trains, not like contin-
uous Federal Express deliveries.

In the past, observes Dr Grove, hospi-
tals rarely designed experiments to mea-
sure the omparativ e e. ectiveness of alter-
native interventions. Even in drugs trials
researches donottry h ard enoughtolearn
from failure. He cites in evidence a drug
trial by Am gen, a biotech giant, where the
researches concluded that the drug was
not e..ective. But it did work in some peo-
ple, just not su”cientl y well in enough of
them to countas a siccess.

So why did it work at all in anyone?
Someone with a physics background
would think th at the problem was poorly
targeted delivery of the drug wi thin the
body, he says, not the drug itself. EW've
gotto know.e

A growin g chorus of think ers is arguing
that health-care providers and drug com-
panies must shift to a culture of continu-
ous improvement of the sort that made
Toyota famous. In fts and darts, this is be-
ginnin g to happen. Intime, as muntriesin-
tegratt EHRs with clinical practice and

drugs researd, it will become the norm.

Ehe dirty li ttle seaet about medicines,
contdes Rl Yock of Stanford University,
s that we physicians make decisions all
the time based on woefully incomplete in-
formation.e He is convinced that invest-
ment in a medical smart grid can make
medicine more systematic and evidence-
based. A present, health outcomes vary
enormously among and even wi thin in sti-
tutions. HIT, done properly, can produce
systems that advise doctors on best prac-
tice and help hospitals identify the causes
of variability.

W innin g hearts and min ds

Buyin g a lot of expensive computers is not
the answer. As Harvard's Dr Halamka puts
it, @jst automating a broken process
doesn't accomplish much. Indeed, the
bo™n s at the Institute of Medicine reckon
that spending on digitisation wi thout con-
necting itto the organisational cultur e risks
making things worse. Any new HIT sys-1
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2 tems, they say, must include &mgnitive
supporte th at helps doctors and patients
make sense of the delige of medical data
that will come theirw ay.

Oneway to do this is to devise sotware
systems that mine data on large numbers
of patients with simil ar illnesses and po-
vide guidance to doctors in real time. The
system used by Kaiser Rermanente can
spot potential interactions among drugs or
alert nurses sy, that an elderly patient
should come in for a $u shot.

Big health-care payers, whether private
insurers or governments, are bemming
convinced that this kind of HIT not only
improv es medical practice but can save
money too. Ronald Williams, the head of
Aetna, an American health-insurance
giant, says his Trm has invested $L billion
so it can mine its austomer database for in-
formation to be conveyed to physicians
electronically.

Notthisle g

Smart softwar e can also reduce medical er-
rors. A gudy published in the British Medi-
cal Journal in 2007 edimated that 30,000
hospital patients in the Netherlands suf-
fered avoidab le harm each year because of
such mistakes and 1,700 of them lo st their
lives. A report by the Institute of Medicine
estimated that up to 100,000 Americans
are killed each year by preventable mis-
haps such as wrong-side surgery, medica-
tion errors and hospital-acquired infec-
tions<a larger number than die from
breast cancer or AIDS.

Sometimes such errors can be prevent-
ed without fancy technology. It helps to
write Enotths lege on a patient's left leg be-
fore surgery on his right leg. When Kaiser
Permanente's  innovation |aboratory
looked into errors in medication d osage it
found that a lot of them w ere due to inter-
ruptions. Now nurses geparing complex

medications wear (Edo not dsturbe sashes,

which has caused ermors to drop notice-
ably. A strikin g sudy in the New England
Journal of Medicine showed that surgical
errors and complication s fall by one-third
if hospitals use a smple safety checklist
before, durin g and after surgery.

Another e..ective Tx is the eledronic
tracking of medications and patients with
radio-frequency identitcation (RFID) tags
orbarcodes. Butforth attowork, a hospital
must put adecent HIT system in place frst.

The health-care industry h as garted to
learn from the successtil e..orts at quality
improvementin other big and complexin-
dustries. Many health providers now em-
ploy statistical tools like Six Sgma, long
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used by Trms lik e GEto reduce variability
in manufacturing , and other methods bor-
row ed fromin dustry.

Some doctors remain suspicious, fear-
ing that the number crunchers will com-
moditi se medicine. Bill G ates, Microsoft's
former boss adknowledges that it is im-
possible to Gwutini sesthe momplexjobofa
doctor, and feels that techniques which
worked in other in dustries cannot be ap-
plied to medicine wi thoutfurther thou ght.
Sill, he is gruck by the enormous v ariance
between average and best outcomes in
hospitals: EWre not even dose to our po-
tentialin thi sindustry. Given our very hi gh
costs, America must be the pioneer.s

One physician who readily admits to
being a technosceptic is Craig Smith of
New York-Presbyterian Hospital. A cardiac
surgeon, he insists that Emedicine is a per-
forming art, and you'll never end var-
iance.e He concedes that he used to seeHIT
as more of a nuisance than a help. But in
the past year patient-centric EHRS, dinical-
decison support systems and hospital-an-
alytics software have become so ser-
friendly and useful that he is now an en-
thusiastic convert: EWhen you gt HIT
right, a doctor is no longer limited by the
lessors of personal experience.»

Another area where HIT could prove
very helpful is in the di scovery, dispensa-
tion and d osing of pharmaceuticals. At the
moment there is precious little informa-
tion about how dru gs are adually used
and how di.. erentdrugs interact wi th each
other. Some «perts suggeg that perhaps
half of all medicines are taken at the
wrong dose and frequency.

A smart grid for medicine could change
that. Dr Ecdes of the NHSs Connecting for
Health scheme is convinced that if such a
system had been in place, the trouble wi th
Vioxx (a painkiller made by Merck that
was recalled after a gpate of deaths) would
have been gotted sooner. Advocates en-
visage linking EHRs with researd so that
patient records can be Emmbined and
mined- to look for s imil ar correlation s.

Done right, such a system could even
answer Dr Grove's call for faster Eirdrma-
tion turnse th at could lead to speedier de-
velopment of new tr eatments. Daniel Va-
sella, chairman of N ovartis, a Sviss drugs
giant, thinks that any future HIT systems
must measure outcomes in a sandardised
format, capture any side-e...ect and feed
that information b ack to the pharmaceuti-
cals researches.

But the idea of allowin g researches to
harvest patient data, even if privacy safe-
guards are in place, is provin g controver-

sial. ADutch e..orttoimplement EHRs was
delayed earlier this year because inade-
quate safeguards for patient privacy
caused a public backlash. And in Britainin
March angry medical groups protested to
the justice minister about a proposed
scheme to harvest medical data. Apparent-
ly the government's initial plan had been
to scour EHRs not only for medical pur-
poses sich as drugs researd but also for
political objectives such as tnding out
who w as eligible for free school meals.

A sense of ownership

Such incidents bolster the arguments for
ensuring that EHRs be Trmly controlled by
patients rather than doctors or hospitals,
let alone governments. Bven Dr Eccles
agrees: (ElIn Eland we h ave a paternalistic
approach akin to a parent-child relation-
ship.s At the moment, he explains, patient
records are leally the property of the gov-
ernment, but in practice hospitals ad as
though they own them. In f uture he wants
to see mtients being gven equal access: EIf
done this way, | think di gitisation can put
the patient back in charge of hisown c are.»
That may even allow p atients to drive
medical researd. 7




Cetting personal

The promise of cheap genomeusaging

WENTY years ago doctors had tight

control over all medical informa-
tion. We want that power to shift to indi-
viduals,e says Anne Woijcicki, a co-founder
of 23andMe, a Californi an genomics trm
that counts Google as one of its investors.
Her frm takes in saliva samples by mail,
analyses a tiry bit of the genetic material
they contain and posts information about
the provi der's health and ancestry gleaned
from them on a secure website.

She wants to extend the idea of patient
empowermen t to the age of genomics (the
study of all genes in the genome and the
interactions among them). Her austomers
are already forming online chat groups
and blogs to share detail s of specitc ggnet-
ic mutation s and exchange family and ge-
nomic hi stories.

Does the amalysis done by her frm
have enough predictive value for its sub-
jectsto take adion? She poirts to the exam-
ple of Sergey Brin, a @-founder of Google,
who happensto be her husband. When an
analysis by her company found that Mr
Brin had an above-average risk of getting
Parkinson's disease he begn to take his
exercise (vhic h is thought to help prevent
this diseasg much more seriously.

The consumer-genomics trms that
have sorungupinthe pastfewy ears are all
similarl y up beat about their prospects. Da-
vid Agus of the University of Southern
Californi a (USQ), an advi ser to Navigenics,
another such start-up, thinks that compa-
nies wanting to promote employ ee Ewll-
nesse will boo st this trend. Among the in-
vestors in Navigenics is Kleiner Rerkins, a
venture-capital trm that was an early
backer of Google, Amazon and AOL.

But consumer genomics is not just a Sil-
icon Valley fad. YiGene, a Chinese sart up,

is jostling with several local rivals to pro-
vide genetic testing and counselling to
Asian consumers. And it was Iceland's de-
CODEthat led the way by creating a mas-
sive database<made up of the country's
entire population<tha titisnowt appingto
do genomic researd. Kari Sefansson, its
boss thinks that in future genomic tests
will be done on personal computers, and
that all children will h ave their genomes
fully sequenced at birth.

In the decade since the Human Ge-
nome Project reported prelimin ary results
in 2000, the promi sed benefts of genome-
inspired drugs and more individualised
health care have failed to materialise.
Could personalised medicine now be clos-
erathand?

Snipin gatsnips

Some academics remain deeply sceptical.
Allan Balmain of the Uni versity of C alifor-
nia, San Fancisco questions the sciertitc
basis for the claims made by such frms.
David Altshuler ofthe Broad Institute, a ge-
netics-researt centre run jointly by Har-
vard and MIT, thinks the Trms enmurage
people to read too much into their results.
Such Ellaciese, he sys, are causing a pub-
lic backlash that could divert attention and
resources from the worthier g oal of geno-
mics-inspired disease research.

One big concern is that the frms in
question do not, in fact, sequence the en-
tire genome for their analysis. That would
be far too expensive, even though se-
guencing oosts are falling fast. The frms
analyse only a tiny part of a customer's
DNA. In particular, they look at certain
parts of a chromo some known as single-
nucleotide polymorphisms (SNBs, pro-
nounced Espse). They argue that varia-

tions in SNFs are correlated wi th the lik eli-
hood of developing a range of nasty
diseases. The frns' sciertists insist they
rely only on the best peer-review ed scien-
titc studies on the matter, and itis true that
over the past two y ears a food of well-de-
signed gudies, known as genome-wide as-
sociation studies, has edablished correla-
tions between a mange of common SNP
variants and diseases anging from diabe-
testo various forms of cancer.

Craig Venter, a biotechnology pioneer,
is usually a fan of b rash upstarts. A deade
ago he upstaged the bo™n s of the o"ci al
Human Genome Project by privately se-
quencing his own genome faster and more
cheaply. Buthe remains s@ptical about an-
alysing only the SNFs. He wants to see
whole genomes seqienced because Ew
don'tyetknow w hich parts of the genome
are medically relevant.»

Others agree that sni'n g around SN
is an imperfed substitute for doing com-
prehensive sans of the full human ge-
nome. The gne-variant SNFs reported in
those ggnome-wide studies are undoubt-
edly associaied with di seases but some
believe their signitcance is greatly over-
stated. Bven if Trms uncover a handful of
S\Ps that suggeg an increased risk of get-
ting a disease the customer may have a
dozen other genes that low er the risk.

Some say that the common v ariants
easily uncovered by today's sequencing
technologies are much less importantthan
other, rarer variants. There is not enough
knowledg e to make sense of the brrent of
genetic information bein g uncovered. The
problem is that today's tool of choice, the
genome-wide associdion studies, which
link genetic variants in a given population
with known di seases cannot easily thd1
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2 such needles in a haystack. But as the oost
of sequencing drops, Trms hope to be able
to get much better at needle-potting.

Yet another camp of sceptics rejects the
wholeideathat medicine wille verbe truly
personalised. t is unusual for a di sease o
be caused by only one or a few genetic de-
fects. Most disorders, such as diabetes and
heart diseaseare linked to dozens or possi-

bly hundreds of genes. Ard those genes af-

fectonly anindividu al's susceptibility to a
disease Choices &out exercise, diet,
smokin g and so on uld have a bigger in-
tuence. So Dr Altshuler thinks it unlik ely
that scientists will ever be able to predict
disease perfectly, never mind devise truly
personal therapies.

Keepo... my genome

Though he has the world's most advanced
gene-sequencirg technology at his tnger-
tips, Dr Altshuler refuses b get his own ge-
nome sequenced: EIf someone @ye it to
me on aCD, I'd refuse o look at the disc.
The information is meaningless.s Bill
Gates ayrees. He tas not had his genome
sequenced either, nor does he pan to,
though after a moment's refedion he
adds, Eunless | Tnd out | Bve cancer.e

This last observation suggess that there
is a future for the diagnogtic use of whole-
genome sequencing. But frst the cost will
have to come down with a b ump, from
perhaps $100,000 per scan today to below
$1,000. That could happen in less than a
decade Untilthen, the bigged use of geno-
micsis likely to be in dru gs discovery.

Big pharmaceutical companies have
watched theirinno vation pipelines dry up
inrecerntyears, butrapid advancesin geno-
mics now promise o change that. Cancer
is a last beginning to reveal its secets,
thanks to a technology known as the bio-
marker, which is a genetic indicator di..er-
ent from an SNP. Bomarkers reveal such
useful thin gs as the e.ectiveness of poten-
tial new dru gs in individual s or groups, as
wellas the likelihood of a dverse reactions.
A forthcomin g report from the OECDar-
gues that genetic biomarkers are ememging
as one of the most e..ective means of im-
provin g the e"ciency of drug di scovery.

Researches are now tryin g to tnd out
to what extent the e"c acy and safety of
many new dru gs is infuenced by genetic
factors. For example, durin g trials of an ap-
parently unsuccesstil drug for | ung cancer
made by AstraZenea@, a Bitish drugs Trm,
USCs Dr Agus discovered that the drug
worked well in some of his p atients of
Asian descent. Similarly, some peqle of
African origin seem to respond well t o Bi-
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Dil, a heart drug, whereas those of other
ethnic stock do lesswellonit.

Itis surprising, therefore, that the ailin g
drugs industry seems indi...erer to geno-
mics, except in cancer researd. Dr Venter

believes the reason is emnomic: EGeno-

mics is totally changing the basis of medi-
cal researd, but Big Fharma was better o...
whenwe knew less.e

Russ Altman of Stanford University
agrees that the big drugs companies are
dragging their feet on genomics, noting
that the industry's tradition al blockbuster
modelwithi ts huge potential marketrelies
on standard remedies that w ork for every-
one. That was a plausible strategy when
scientists had few tools to determine the
likely risks and benetts of new dru gs, but
given the advances in pharmacogenetics it
isnolonger sustainable.

Dr Altman's team recently published a
study in the New England burnal of M edi-
cine on how to d ose warfarin. This drug is
widely used to prevent blood clots that
could lead to strokes or heart atacks, but
the correct dose @n vary wi dely from pa-
tientto patient. Too high a dose @n cause a
patient to bleed dangerously, whereas too
low a dose @n lead to deadly clots. The
study show ed that dosing decisions that
took account of v ariation s in just two s pe-
citc genes in adition to factors like age,
weight and race produced far better out-
comes than decisions based only on the
latter tradition al factors. Dr Altman think s
the Vioxx tragedy could have been avoid-
ed with p roper genetic screening, but tfrms
have little incentiv e to do this.

Now some dru gs companies seem will-
ing to plunge into targeted therapies. San-
dra Peterson of Bayer, a German pharma-
ceutical giant, adknowledges that Eal-
fashioned blockbusters just aren't going to
happen any more.e She thinks the way to

I The road teommoditisation
DNA sequencing and growth in DNA data
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Ttxthe drugs pipelines at big tfrmsis to link
pharmacogenetics with the inf ormation
supplied by medical smart grids, moving
toward s a model of innovation that is in-
formed, targeted and cheaper.

But Novartis's Dr Vasella still rejects the
notion of per sonalised medicine, pointing
out that it would be economic folly for
trmsto develop a special pill f or every pa-
tient. He accepts that linking in dividu al ge-
netics with specitc therapies is the hig
challenge for his industry today, but he is
stilllooking for a s uitable business model.

Perhaps a beter way of describin g how
genomics will c hange the drugs business
model is mass austomisation. The obvious
parallel is clothing, which is rarely tailor-
made but often personalised to refed an
individu al's needs and doices. GQayton
Christensen of Harvard Business Sdool
0...es a useful phrase o desaibe the point
where pharmacogenetics and personal-
ised medicine meet: Epecision medicinee.

AnewM oore's law

Purists like Dr Venter sni... that the technol-
ogy for reading SNF is not good enough
for serious application s like medicine, nev-
er mind how cheap it gets: only reliable
full-genome sans will d 0. These ae much
more expensive becuse they must cap-
ture information about all 3 billion b ase
pairs, the genetic Ehterseinthe human ge-
nome. The gene dips used to sudy SN
today can capture pethapsim.

(Espent ten years serching for just one
gene,s says Dr Venter about his early ca-
reer. Edday anyone can do it in 15 sec-
onds.e The o°ci al Human Genome Ro-
jed sequenced a Ingle genome at the cost
of about$4 billion. D r Venter'srival project
did the same thing for $100m. The two
competin g teams agreed in 2003 that each
of them had independently sequenced a
human genome. Sine then the industry
has undergone a technological transfor-
mation. Sequencing equipment has been
improvin g even faster than microproces-
sor performance, which doubles roughly
every 18 months for the same outlay under
arule dubbed Moore's law (see chart 3).

The sequencing technology works by
tguring out the precise sequence of letters
that make up the genetic code of life. The
trst generation of sequencing equipment
was thorough but extremely slow and ex-
pensive. George Church of Harv ard Uni-
versity, who w orked on the original Hu-
man Genome Poject and now advises
several genomics trms, compares that
cumbersome old technology to main-
frame computing . Today's se@mnd-genera-1
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2 tion technologies, he sys, are already as
disruptiv e as the original personal com-
puters were to mainframes.

The newer sequencing machines bor-
row ideas from silicon-chip manufactur-
ing. One consumer-genomics trm called
Knome (pronounced Eknow-mes) ses
nimble machines that deposit millions of
tiny dots tlled with DNA snippets on a at
surface, typically glass. The DNA in these
dots can be @ade by molec ular machines
to signal the presence of di..erent DNA
variants. This process has brought down
prices by a factor of ten every year since its
introduction in 2005.

The next sequencing technologies pro-
mise to read w hole genomes quickly and
at areasonable cost, and several rival frms
are already racing to get them to market.
When they do, it will h ave a profoun d im-
pact on the economics of health care.

The X Prize Foundation, a darity, is
now o..ering $1I0m to the trst outtt to se-
guence 100 human genomes in ten days at
acost of $10,000 or less per genome. Many
teams have sgned up, but the most pro-
mising have their eyes on an even more lu-
crativ e prize: the multi-billion-doll ar com-
mercial market for a..ordable, acurate
sequencing of whole genomes.

One such trm is Pacitc Bosciences,
based in Menlo Park, Californi a. It makes
novel use of fuorescert labels that allows
itto read long stretches of DNA fragments,
base by base quickly and e"cien tly. Se-
phen Turner, the Trm's founder and chief
technology o°c er, is cmntdent that his
Trm will soon be a ble to sequence a mm-
plete human genome in under 15 minutes.
He expects its frst commercial product
withintwoy ears.

Another, more tight-lipped, contender
in the race for cheap full-genome seaquenc-
ing is Oxfor d Nanopore. The British tTrmis
developing a promisin g technology which
involv es passing genetic material through
atiny hole in a specially seleced protein.
This promises to ead DNA directly, with-
out a need for fuorescent labels. This
would be a big breakthrough, but the Trm
will not y et say w hen it will be r eady for
commercial use or at what price.

Perhaps the most intriguing of the ri-
vals is Complete Genomics. ks 0°c es in
Mountain View, Californi a, are not far
from the headquarters of Google, and are
modest by comparison, but its business
strategy is noless aidaciousthanthat ofits
big neighbour. The Trm's technical innova-
tion involves packing lots of DNA into
great numbers of tiny dense Eanoballse
w hich, in turn, are assembled in a highly
e’cien tway into arrays that resemble mi-
croscope dides. The DNA sequene is
worked out by using fuorescert tags but
doessoinaway, developed by DrChurch's
laboratory at Harv ard, that is much more
accurate and quicker than the methods
used up to now.

Servic e with a smile

This process is too complex for the average
customer to handle, an apparent draw-
backthatledtoabrillian tcommercialidea:
rather than sell the equipment, Complete
Genomics intends to sell a sequencing ser-
vice. Cli...od Reid, the chief executive, ex-
plains that his frm's process can easily be
adapted to huge volumes. By June he will
be able to sequence a mmplete genome for
under $5,000, and wi thin a year his trm
willh ave ammmercial 0..ering, he says.

Adoctor in your pocket
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If whole-genome sequencing can be
done cheaply and accurately, it will be
used much more widely in dru g discovery
and clinical practice. The consumer-geno-
mics companies' controversial promise of
personalisation will at | ast be put to a
proper tes. In time the costs of sequencing
will p lunge toward s §I00 a genome. When
it does, says Dr Altman, sequencing will
become a commodity .

Dr Church even argues that genome se-
quencing Ewill in e.ect be available frees
because mmpanies will give avay se-
qguencing to sell other services, such as ge-
netic interpretation<smuc h as mobile oper-
ators (Ege awaye handsets to get
customers to sign up for | ucrative service
plans. And when this h appens, he reckons,
@ will be j ustlike the internet: once all this
information is foating around, a lot of cre-
ative people with PCs will nose around
and develop applications.e7

Deweloping countries are using mobile phones to leapfrog to personalised medicine

AN new t echnologies help to tackle
the health problems of the world's
poorest? At Trstsight, it seems a dlly ques-
tion. After all, the public-health systems in
much of sub-Sahasmn Africa and parts of
Asiaand Latin Americaare rudimentary at
bed. With many vill ages having no dean
water or basic sanitation , let alone reliable
access to dinics and doctors, modern wi z-
ardry like molec ular diagnogtics and digi-

tal medical records seem irrelevant.
Bill Gates used b be on the side of the

sceptics. Nearly a decade ago, when he
was boss of Microsoft, he delivered a
speech at a conference on technology for
the developin g world, inveighing against
the idea that modern technologies like sat-
ellite communication s links, solar power
and internet-enabled computers ould
magically imp rove the lives of the poorest.
Did they have any idea, he asked his listen-
ers, what it means to live on less than $. a
day? ®&XU're just buyin g food, you're try-
ingto stay alive.e

Last year Mr Gates gepped down from
Microsoft to run his family's charitable
foundation , which has beamme the richest
and most infuential new v oice in global
public health. His decade or so of experi-
ence with the foundation's w ork in p ublic
health seems to have changed his mind
about what is good for the developing
world. He now says that Epoor peple ab-
solutely deserve better technology.e

Sometimes those technical advances
can be incremental. The poor dearly bene-1
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2 ft from technical improvements that cut
the cost of m anufacturin g medical devices,
make drugs more e. ective or elimin ate the
need for refrigeratin g vaccines. But there is
also the chance of big breakthroughs that
save many millions of li ves. Mr Gates
points to the examples of mass vaccina-
tion and antibiotics. Modern antiretroviral
drugs to treat HIV/AIDS could be added to
that list of breakthroughs, becuse they
too have improved countless lives in the
poor w orld. His foundation i s now spend-
ing heavily to Tnd new v accines for HIV/
AIDS and malaria, and encouraging re-
search into cures for antibiotic-resistant
forms oftuberculosis.

Given the risk-averse allture of the
health systems of the rich w orld, Mr Gates
suggess that some great advances ould
emerge as leapfrogging innovation s in the
poor world. As it happens, the next great
technology revolution in health care is
even now b ubblin g up from the vill ages of
Africa and may in time benett the rich
worldtoo. Itis built on the astounding suc-
cess of the most famous of all leapfrog
technologies: maoile phones.

DialMforM asiluleke

To see a pace where gizmos and gadgets
seem utterly unequal to dealing with a
health challenge, go to KwaZulu-Natal.
This heavily populated provinc e of South
Africa has one of the highed rates of HIV
infection in the w orld, despite recent ad-
vances in tackling the disease

For years the South African govern-
ment undermined e..orts to contain AIDS
by casting doubtonitsviral origins, butthe
current health mini ster has abandoned
that outrageous sance. There was also a le-
gal stand-o... béween adivists and drug
companies that threatened to cut o... the
country's access to antiretrovir aldrugs, but
in the end Big Fharma backed o.... dday
South Africans can munt on a supportive
(albeit overstretched) public-health sys-
tem, acess to a.ordable drugs and free
testing and counselling. Bven so,HIV/AIDS
remains rampantin KwaZulu-Natal.

Zinhle Thabethe explain s why. So geat
is the gigma attached to the disease that
some four-tfth's of victims in the region
willnotv enture into their local clinicto g et
an HIV test. Across South Africa perhaps a
quarter of the population is HIV-positive,
but fewer than 5% knaw their status. As an
HIV patient herself, Ms Thabethe was so
incensed by this state of a..airs that she
helped startiTeach, a outreach programme
based at one of the busiest hospitals in
KwaZulu-Natal. She and her ollaborators
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came up with a clever way to use mobile
phonestoreachreticent su...erers.

In co-operation wi th MTN, a big mobile
carrier in South Africa, American academ-
ics and several other innovative groups,
iTeach has launched Project Masiluleke.
Using a form of t ext messaging smil ar to
SMS, this serds out up to a million s hort
messa@s a day, enaouraging the recipients
in their local language to contact the na-
tional AIDS hot line. The response has
been gectacular, epecially among young
men who h ave proved hard to reac in the
past. When people ring, they are often told
aboutclinics outside theirimmedi ate com-
munity ; in future they will be o...ered spe-
cialteg kits they can use @ home.

This stheme is already the w orld's big-
ged teld trial of mo bile health technology

(or mHealth), and Ms Thabethe is con-
vinced it can be cpied across Africa. She
believes it works not just because so many
people have mobiles but because it Eisle-
steps the gigma as mobile phones are very
personal. And unlike radio or billboard
ads, a message on your phone forces you
to take amomentto thinkand m aybe ad.e

She is not alone in puttin g her faith in
the ubiquity , personal convenience and in-
teractivity of mo bile phones. &k not just
about technology, says Karl Brown of the
Rockefeller Foundation, a dharity with e x-
pertise in this area. (EBemise mobile
phones enable multidirection al fows of
information even in the mo st remote parts
ofthe w orld, they have the power to trans-
form health care.«

The most promising applications of
mHealth for now are p ublic-health mes-
saging, ditching together smart medical
grids, extendin g the reach of scarce health
workers and egtablishin g surveillanc e net-

works for infectious diseases. The use of
the technology is spreading: arecernt report

funded by the UN Foundation and the Vo-

dafone Foundation, two charities, docu-

mented more than four d ozen projects

across the developin g world.

InUganda, Textto Change uses anSMS
based quiz to raise avareness among
phone users about HIV/AIDS that brought
a 40% inaease in the number of people
getting tested. A gudy in Thailand in 2007
show ed that compliance with a drug regi-
men to tackle TB jumped to over 90%
w hen patients were sent daily text remind-
ersto take their pill s ontime.

Another promising application of
mHealth involv es integrating mobiles into
EHRs and software for clinical-decision
support. In w estern Kenya a new counsel-
ling and HIV-testing project allows rural
health-care surveyor s to set up EHRs from
patients' homes by puttin g their data into
mobile phones. Developed by a team led
by Kenya's Moi Uni versity, this aims to es-
tablish EHRs for some 2m patients. Rublic-
health o"ci als think this will help them
identify and treat HIV patients and im-
prove continuin g patient care.

One lesson emeging from these va-
rious experiments is that the vi sible face of
any mHealth or e-health scheme, regard-
less of where it operates needs to be &
simple and user-friendly as possible,
w hereas the hidden back end should use
sophisticated softwar e and hardware .

The mobile-based technology provid-
ed to Rwand an health w orkers by Voxiva,
an American trm, should make users in
rich countries jealous. Local o°ci als in
Rwand a now h ave mobile phones loaded
with software that allows them to enter
and transmit health data back to their base
so they can access informa tion on pot en-
tial outbreaks, shortages of medicines and
sooninrealtime. They also use mobiles to
order medicines, send public-health alerts
and downloa d medical guidelines.

Oncall

Another area in which mHealth could
make abig di..erenceisin helpingto getthe
most out of the in adequate ga... of halth-
care systems in the poor w orld. Some ait-
ics maintain thatw hat Africaneeds mostis
more money for doctors, not fancy tech-
nology. But Laurie Garrett of the Council
on Foreign Relations (CFR), a think-tank,
argues that even with extra money for
medical trainin g Africa cannot realistically
hope to have enough doctors in rural areas
in the near future. Trainin g doctors takes
time, and many of them do not w ant tol
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2 workinremote areas. So Ms @rrett w ants
to see @mmuni ty health w orkers trained
to perform m any of the simpler medical
tasks currently done by d octors.

This new sort of r emote medicine is
gaining currency. CFRhas come up with a
concept it calls Edc in a boxe, w hich is a
standard cargo container ttted up to serve
as a badc rural health clinic. The box,
which costs a few thou sand dollars to
make, allows trained villagers to o..er
many services, such as vaccinations and
basic malaria treatment, that w ould other-
wise require a trip to a faraway clinic. The
units will be link ed by mobile phone to
fully trained p rofessionals.

In Mexico an mHealth initiative is al-
ready turnin g a proft. Some 4.5m Mexi-
cans are aistomers of Medicall Home, a
trm th at provi des unlimi ted consultations
by mo bile phone with d octors for a fat fee
of about $5 a month. Redro Yrigoyen, one
of its founders, explain s that many of hi s
countrymen | ack health insurance or live
in remote areas far from hospitals, but al-
most alway s have mobile phones. His Trm
is now w orkin g with Voxiva to o...er moe
mHealth services and to extend them
across Latin America. With fundin g from
Fundacion Carso, a charity funded by Car-
los Slim, a Mexican telecoms magnate, the
group hopes to mine its data to benett
both patients and public-health o”ci als.

Preventin gthe next AIDS
How far can thist echnology go? Larry Bril-
liant, a physician who is the o"cial Edief
philanthropy evangeliste for Goo gle's
charitable arm, has an audacious goal. He
believes that a combination of mo bile tele-
phony and inf ormation technologies, de-
ployed in a robust global surveillanc e sys-
tem, can catch the next SARSor HIV long
before it turns into a gobal pandemic. The
key, he says, is (Erly detection and e..ec-
tive early response.s

That is easier said than done, as Gabriel
Leung knows all too well. Dr Leung is the
Hong Kong government o"cial in ¢ harge
of pandemic preparedness. The city is es-
pecially import ant to the res of the w orld
for tw o reasors. Hrst, itis dose o the Pearl
River delta, one of a handful of viral Ehot-
spotse which, thanks to close ontact be-
tween humans and wild anim als, is the

source of many potential viral thr eats. Sec-

ond, Hong Kong is a major hub for air tra-
vel, so adeadly bugthat passes urdetected
by the city's health o"ci als could quickly

travel around the world and cause a poten-
tial pandemic, asSARSIid a few y ears ago.
@Ve are the world's sentinel for pandem-

ics,» DrLeung says. Butheis contdent that
his city is well eq uip ped for i ts task.

Dr Brillian t explain s that his scheme for
predicting and preventing infectious dis-
eases deperds on information fed in f rom
the grassroots. The need for this was
brought home to him in In dia where he
was helping to eradicate the last remnants
of smallpox . EWeauldn'tj ust periodically
blanket every home with v accinations,»
he says. EWe&d to knoww here to look.»

One relatively new tool in the bo x is
digital detection. Researches at Google,
MIT's Media Lab,IBM and other outtts are
applyin g sophisticated software tools to
try to predict outbreaks of disease For ex-
ample, softwar e can Gaw I the w eb and
look for press reports in many languages
that point to the outbreak of an unusual
disease In a study published in Nature in
February, Google demonstrated how thi s
technique was able to predict tu outbreaks
in America a w eek or mor e before the gov-
ernment's Centres for Disease Control did.

Such Erumour egidriese are useful, but
any leads must be validated by boots on
the ground. Public-health surveillanc e sys-
tems are increasingly using mobile phones
and smart hand-held devices for this task
too. When Kenyan o°ci als last autumn
suspected that Somali refugees might have
brought polio in to the country for the fr st
time in 20 y ears, they alerted health w ork-
ers in the area who used their mo bile
phones to log patient symptoms , medica-
tions dispensed and so on. B/ analysing
those data remotely, health o"ci als in the
capital w ere able to contain the outbreak.

Nathan Wolfe wants to transform sur-
veillance into a predictiv e tool rather than
waitforsigns oftrouble. He recently lefthis
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post at the University of Californi a, Los
Angeles to head the Global Viral Forecast-
ing Initiativ e (GVFI). Since mast deadly vi-

ruses like HIV and SARSoriginate in wil d

animals, he gpends much of his time t est-
ing the blood of humans such as hunters
of bushmeat who are in constant contact
with such animals.

One technology he considers promis-
ing is the @b on a chipe. Researchers
around the world are now w orking to de-
velop portable, fastand a..ordable ways of
analysing samples out in the feld. Dr
Wolfe thinks he will soon h ave a device
that will i dentify an unknown b ug by us-
ing advanced genetic analysis.

Onthe spot

Dr Wolfe sees geat potential in the mo bile
phone. When he visits remote parts of
Congo not connected by road or electricity

grid, he often tnds that locals are ale to
use a mabile-phone service, recharging
their phones at night using portable gener-
ators. His team is developing a sotware

system to o...er lunters a tiny tnancial re-
ward to send an SMSmessag letting him

know when they are ill, w hich would pro-
vide a useful early warning. Health w ork-
erswouldthenbe senttotest the ailin g per-
sonto see if there is cause for alarm.

Global-health vi sionaries are now pon-
dering a much more interactive smart grid
that can make serse of that hunter's initial
warning. One possible technology is
Frontline SMS a free application th at al-
lows health o°ci als to analyse a huge
Food of text messages without the need
for central servers or internet access.

Eric Rasmussen chief executive of In-
STEDD, a not-for-prott softwar e developer
in Californi a, believes that G fst-worl d sol-
utions smply won't work in places with
constrained resources and intermittent
connectivity.e For a global surveillance
system to be robust, he sys, it must pro-
vide the people closeg to the trouble wi th
the information and authority they need
to act swiftly . His outtt has aeated an
open-source application th at puts together
data from disparate mobile sources and
combines it with m aps and other data to
be used by fTeld workers to act on a warn-
ing. Rockefeller, along with the UN Foun-
dation and others, is now encouraging
such mobile innovators to agree on bed
practices and common standards to allow
the most promisin g ideas to spread easily,
quickly and wi dely. EIf the iternet is hu-
manity's planetary nervous s/stem, we
are now buildin g our planetary imm une
system,e says Dr Wolfe. 7
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Fantastic Voyage

Technology is making health care moreéadue, precise and monal

ALF a eentury ago, in a tlm called

(Eantadic Voyagee, a tiny Raquel
Welch and her team w ere sertinto a dying
patient's body in a nano-submarine to
save his life. Technology has still not ad-
vanced quite that far, but today's sophisti-
cated devices and diagnogtics are getting
ever doser.

At the university hospital in the Ger-
man city of A achen, near the border with
Belgium and the Netherlands, complex
heart surgery that would once have re-
quired a lengthy and costly hospital stay
has been turned into a routine procedure.
Harald Kuhl, a professor of cardiolo gy at
the hospital, says that patients who have
been given heart-valve replacements in
the morning are now u sually back on their
feet the same evening and discharged the
nextday.

The main operating room in Aachen is
larger than normal and crammed full of
advanced imaging technologies. In ®l-
laboration wi th Philips, a Dutch electron-
ics gant, the researches have fused to-
gether X-ray, ultrasound and magnetic-
resonance s@nners that provide detailed
images of people's innards in real time.
That allow s them to perform p recise oper-
ation s using techniques that leave virtu al-
ly no scars. Bven less invasive is Eatural
oritcee surgery. In America a woman's
gallblad der was recently removed by sur-
gical and optical tools that entered her
body through her vagina.

Robotics is also making surgery more
precise Futurists at the Sanford Research
Institute in Californi a have developed ro-
bots that are used to perform remote sur-
gery on w ounded soldiers near the battle-
teld. Da Vinci robots are now regularly
used to carry out delicate operations, such
as those for prostate cancer. These are arge
machines, but robots are getting smaller.
Lord Darz, a British health mini ster and
professor at Imperial College, thinks the
next wave will be mic ro-sized, with tiny
motors that can roam around the body
and deliver radio w aves to kill tumour s. In
adecade he says, nano-robots will 0 perate
atthe molecular scale.

But high-tech applications are no lon-
gerautomaticall y seen as a good thing. The
proliferation of m achinery such as fancy

scanners, once applauded, is now criti-
cised as a main @use of runaway health
costs. National health systems, private in-
surers and others who hold the purse
strings increasingly demand that innova-
tion be link ed dearly to economic value
and imp roved health outcomes. Rl Yock
of Stanford's bio-design programme says
that innovators must now start with the
medical need rather than inventin g nifty
kitand then searching for an application.

The advances in genomics and infor-
mation and communication stechnologies
discussed earlier in this report m atter be-
cause they are ermbling other telds«<in-
cludin g nanotechnology, robotics, molec-
ular diagnogics and micro-fuidics<that
had previously made dow progress in
health care to advance much more rapidly.

Taken as a whole, all this has meant a
big shift in care avay from a centralised
model that puts the physician at its core to
a smarter, more decentralised approach
centred on the patient. This ift also
opens up new w ays of coping with the
huge problemss of ageing population s and
surgesin chronic ailments such as diabetes
and heartdisease The result willbe amor e
portable, precise and personal way to de-
liver health care.

Traditionally , most import ant diagnos-
tic tests have been done on hig, expensive
machines in central laboratories. Usually
the patient gives a ample one day and
then has to return another d ay to see the
doctor and discuss the results.

This is inconvenient enough for pa-

I Ready for take-off
Sales oS personal medical-monitoring
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tients in the rich world, says Mr Gates, but
in developin g countries it is often unfeasi-
ble. Ratients there typically lose a day's
work as they walk to distant medical clin-
icsand cannota..ordtolose anotherdayto
return forther esults.

The doctors' dilemma s that there is no
quick and reliable tes for certain diseases,
such as malaria, so in sub-Sahaman Africa
malaria medicine is automatically dis-
pensed to dhildr en displayin g malaria-like
symptom s. But retrospective sudies have
shown th at many of tho se dildren did
not, in fact, have the disease The lack of a
quick ted therefore means that precious
antimalari al drugs are wasted and other
illnesses may go untreated.

Youcantakeitwithy ou

Fortunately, portable and rapid diagnostic
tools are on the way, says Gary Cohen of
Becton, Dickinson (BD), an American diag-
nostics giant. His trm believes that a new
type of diagnogic toolkit is emerging,
thanksto the fusion of genomics, proteom-
ics (vhic h analyses specitc poteins) and
information technologies. The impact of
such Epoint of @ree diagnostics will be as
big as that of mo bile phones, extendin g the
reach of modern medicine to p laces that
are underserved or unserved today.

Big companies like GE BD and Philips
are investing heavily in this ar ea, but some
surprisin g advances are ®min g from start-
ups too. One trm has produced a cheap
testing kit that can be thrown away after
use. Diagnostics for All , garted by students
at MIT and Harvard, has developed arange
of diagnodic tests that are printed on or-
dinary paper. The key is the use of micro-
fuidics technology to dired the sample
(say, a drop of blood) thr ough tiny grooved
channels to various chambers. Chemicals
then read with the s ample, providin g rap-
id diagnogtic results.

Ustar Biotechnologies, a Chinese
start-up, has developed a cheap and porta-
ble diagnogtic kit th at it is marketing with
BioHelix , a Baston-based frm. Qimin You,
itsinventor and Ustar's founder, graduated
in North America and w orked for Western
multinational sformanyy ears. His propos-
als for cheap diagnogtic technologies were
turned down by frms un willin g to under-1



2 mine their existin g products, so he left to
setup hisown trmin C hina.

@Ve'v e got the technology, and nobody
can compete with u s on cost,* he dedares,
forecasting a great future for such devices
in rich and poor countries alike. Robert
Harrison, head of the Clinton Global Ini-
tiative, a charity started by Bill Clinton,
agrees. Hb organisation has enmuntered
many simil ar frms from developin g coun-
tries now researching desgning and
manufacturin g medical technology local-
ly, which helps to ensure that solution s are
bed suited to local conditions.

A guided mi ssile

More edablished rivals are not ganding
still. Stephen Oesterle, chief medical o0™-
cer of M edtronic, a large medical-devices
trm, argues that the mirade cures prom-
ised by biotechnology will depend on
much more targeted drug delivery. Old-
fashioned pills were swvallow ed and ab-
sorbed through the gut, but that does not
work for biotech drugs because gsomach
acid would wipe them out. His Trmii s in-
vesting in imp lanted pumps, precision de-
vices and other clever ways of putting
medicine where itis meantto go.

Philip s has developed a way for drugs
to be encapsulated in bubbles made of
biodegradable polymers that can be deliv-
ered to a tumour lik e a guided missile. Se-
lecta BioSciencesan American frm, is test-
ing biodegradable nanoparticles, atechno-
logy developed by MIT's Dr Langer that it
hopes to use to farget lymp h nodes.

Another new w ay of t argeting drugs in-
volves the use of a pecially designed sli-
con chip that is able to store and release
drugs on demand. When a remote wire-
less ggnal is sert, a tiny electrical current
zaps the chip to release the desred quanti-
ty of the dru g. The trst generation of such
chips, made by MicroChips, an American
Trm, tackles diabetes. t will g o to clinical
trials this year and is expected to be com-
mercialised in four years. Future applica-
tions will inc lude chips that monitor pa-
tients a home for signs of a heart attack or
hypoglycaemia and can release the appro-
priate life-saving drugs. John Santini, the
boss of MicroChips, believes that over the
nextdecade deviceswillinc reasingly inter-
act with the body and ¢ ommunicat e medi-
cal data directly to portable devices or
EhRs, thus helping patients to manage
their own c hronic diseases.

For several decades now, visionaries
have tried to shift the medical model from
expensive hospital interventions for sick
people to cheaper preventive care in the
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home. They have promoted ideas ranging
from kio sks for lon g-distanae medical con-
sultation s to smart toilets that tell your
doctor about the blood-sugar levels in
your urine . Most of these ideas have failed.

Jmes Sveeney is one of the few entre-
preneurs to have adchieved commercial
success not once but half a d ozen times,
with businesses sellig personal medical
devices. His airrent tfrm, America's Intelli-
DOT, makes gnall wir eless devices used
for medical moni toring.

He saysthe biggeg di"c ulty he has had
to confron t is not the limi ts of technology
butthe unwillingnes s of insurance compa-
nies and health systems to reward innova-
tors for products that keep patients at
home, where monitoring and care can be
provi ded more easily and cheaply than at
the doctor's surgery. But even this grizzled
veteran think s the tipping point for perso-
nalised medical devices has arrived, for
three reasors.

Frst, thanks to much-improv ed tech-
nologies for remote communications , @G-
lemedicinee is a last taking o... Seond,
thanks to cheap and ubiquitou s dmnsumer
electronics, medical devices in the home
are at last movin g beyond clunky medical
monitors and creepy lavatories. Third,
cheap sensors and smart phones are al-
lowin g a shiftto Ebody omputin ge.

Two di..erentkinds of telemedicine are
being tried outin Britain. In three locations
in England the NHSis now running one of
the larged trials of (Elecares, which aims
to monitor and o..er remote medical care
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to the elderly in their homes. The Swottish
Centre for Tele-Heakh has sd up video ki-
osks 0..ering medical consultations in re-
mote areas to minimi se the need for travel
to distant hospitals. A trial concluded last
month using video equipment made by
Cisco, an American technology trm,
found that doctors and patients consid-
ered this high-tech version of care to be as
e...ectie as pesonal consultations.

Comin gtoavill age greenneary ou

The Mayo Clinic, another American hospi-
tal chain o..ering integrated care, is also
runnin g a number of tri als. Kaiser Rerma-
nente already o..ers remote medical con-
sultation s to its patients in Hawaii, and
conducts dermatological examinations
this way in Californi a. India's Apollo ho s-
pitals regularly use remote video links to
connect specialists with di stant facilities.
And Aravind BEye Hospitals, another pio-
neering Indian chain, has s up many re-
mote eye-care kiosks in vill ages.

The sophisticated equipment in Ara-
vind's kiosks is run by w ell-trained local
women, not expensive and elusive doc-
tors. Once an gye tes is completed, the pa-
tientand all his di gitised data are linked by
internet video to a physician at the main
hospital who decides whether the patient
just needs spectades (made on the spot) or
has to go to the hospital.

Christofer Tomazou of Imperial C ol-
lege a pioneer in thi s teld, argues that de-
vices and diagnogtics could transform
chronic care if they can leave behind their 1
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2 baggag of GElinky electronics and Big
Brother moni torin g method se.

Dr Oesterle of M edtronics, a market
leader in Telds such as remote monitoring
of patients with pacemakers says that
cheap (Bmnsumer-gradee electronics now
make it possible to produce such devices as
disposable insulin p umps, which his Trm
plans to start selling soon. As more such
devices win consumer acceptance care
will get both cheaper and better. His trm
might become a provider of services &
well as hardware.

For his part, Dr Tomazou believes the
future belongs not to medical devices en-
hanced by consumer electronics but to
ubiquitou s and user-friendly devices like

Health 2.0
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personal digital assistants and mobile
phones. These are Gary useful for hi ding
medical monitoringe and for displaying
data in ways that enable patients to act on
that information. Qualcomm, which
makes wireless-communications equip-
ment, thinks a good way to do this is to in-
tegrate advanced sensors and short-range
wireless networks (known as Q&mto-
cellse) to create ®Ehome halth hubse.

On April 2nd In tel announced a $50m
joint venture with GEto market a range of
snazzy internet-connected devices that al-
low d octors to monitor patients at home.
The company also helped organise a ©n-
sortium of companies, known as the Con-
tinua Health Alli ance, that has produced
standards on (Eiteroperabilitye and com-
munication s for such products.

Tim Brown of | deo, a dedgn consultan-
¢y, goes firther, arguing that in future
(edical devices for the home will s imply
disappear into our built environment , our
consumer products, our clothin g or even
our bodies. Philip s has already developed
bedsheet with metal strands woven into
them to allow a p atient's heart to be mon-
itored as he deeps. Dozens of frms, from
clothin g and shoe manufacturers to con-
sumer-electronics trms, are developing
other such (Ebogl-computin ge tools, both
for health application s and for sports.

Devices that will be dep loyed inside
the body are just around the corner. Ro-
teus Bomedical, a Californi an trm, has de-
veloped a tiny computer chip that can be
put inside a normal pharmaceutical pill.
This Emart pille sends an eledrical signal
when, forexample, itis swallow ed by a pa-
tient. The message is read and stored by
electronic equipment inside a small ban-
dage worn by the p atient. That informa-

How far can intexctive digital medicine go?

HE advances in digital medicine de-

scribed in this special report have al-
ready started to move patients from the
margins of the medical systemtoits centre.
Some think there are bigger thin gs to come.
{Ehe key is patient-driven researd,» ex-
plains Gregory Simon, head of Faster
Cures, an advocacy group in W ashington,
DC. Most of the push for adopting elec-
tronic health records has come from in sti-
tutions anxious to cut costs and reduce

medical errors, but he thinks the biggest
gains willcome inthe s hape of better treat-
ments for di"c ult diseases. He sees @a-
tients increasingly getting together online
and sharing medical data and treatment
histories.

On a website called PatientsLikeMe,
members from around the world swap sto-
ries about their ailmen ts and discuss sub-
jects like adverse drug interactions, dosing
strategies new dru gs and trials for more

tion can be downloa ded fromtime totime,
or beamed wirelessly to a device in the
home that e-mails the patient's doctor.

The point is to monitor the patient's
health and ensure compliance with dru g
regimens. This matters, because dudies
have shown th at patients often fail to t ake
medication as instructed, sometimes with
fatal results. The tst clinic al trial will be of
smart pills for tuberculosis. Roteus Bo-
medical's boss Andrew Thompson, sees
scope for application s to tackle counterfeit-
ing and even interactions betw een drugs.

Waitforthe ¢ atch

Like all things that sound too good to be
true, these tchnologies have a atch. The
torrent of medical d ata that will be g ener-
ated by all these smartdevices willneedto
be analysed. Sofwar e can help by sending
summaries and alerts, but Kaiser Rerma-
nente's Yan Chow think s Gchnology is
runnin g ahead of our capacity to absorb
it.e For instance will d octors be leally ob-
liged to act on that information ? Sill, he is
an enthusiast. Moments later he is gushing
about a devious software program de-
signed for the Nintend o Wii, a popular vid-
eogaming system, that has proved highly
e...ectie in getting recalcitrant children to
stick to physical-therapy regimens.

The bigger concern is that technology
can never be a aubstitute for personal re-
sponsibility . As Mr Gates points out, Eath-
room scales have been around along time
and obesity is still on the ri se.s Yet there is
no denyin g that the medical technologies
now rapidly movin g toward s ommercial-
isation have the potential to empower pa-
tients and give them the tools and data
needed o take charge of their own he alth.
Thisis already beginning to h appen. 7

than adozen diseases. Areport by the Cali-
fornia HealthCare Foundation, a think-
tank, argues that in dealing with m ultiple
sclerosis, a neurological disorder forw hich
there is as yet no cure, Ethedlective wis-
dom on this w ebsite may rival the body of
information that any single medical
school or p harmaceutical company has as-
sembledinthe teld.e

Mr Brown of Ideo ar gues that until r e-
cently the fow of inf ormationin medicine 1



2 has tended to be one way. In future, he
thinks, medical knowledge will inc reas-
ingly fow in m any dir ections. Mr Brown
points to a proliferation of he alth blogs,
online groups and peer-b-peer portalsas a
sign that the age of social networkin g in
medicine has arrived. Google already has
a feature that allows users of its EHRs to
share their health inf ormation with other s.
Itis easy to be sceptical about such on-
line communi ties. A fatal illness will not
be cured by Twitterin g about it. And for
many people nothing will r eplace the per-
sonal relationship between a patient and
his doctor. But it seems dear that patients
are going online to get more information
ontheirillnes s, to see what other consum-
ers think of new medic ations and to get
emotion al supportfromfellow su...eres.

Good forthem, g ood forus

Even doctors, who may seem to have the
most to lose from patient-centred digital
medicine, increasingly support the move
online. Many of them are them selves keen
users of seaure medical chatrooms. Thom-
as Lee of Partners Communi ty Healthcare
think s such social networkin g helps make
up for the Evater-cooler chatse of yester-
year that allowed doctors to exchange
knowledg e aaoss secialisations.

How far c ould all this go? Neil Seenan,
who runs a health-strategy innovation
group at the University of Toronto's Mas-
sey College, thinks that EHalth 2.0¢ i s im-
portant Ebeause itreinvents howw eiden-
tify opinion le aders and exploi t disruptive
innovation.s His researd has shown th at
the most active communi ties on social net-
works such as MySpace concentrate not on
celebrity gossp or sport but on chroniciill-
ness<especially stigmatised @nditions
like depresson.

The mostinf uential health blogs onthe
web, he tnds, are those that o..er people
with chronic illnesses medially relevant
and accurate information. One post from a
trusted surgeon blogger, he says,nowh as a
far more immedi ate impact on imp roving
surgical care gobally than a peer-reviewed
trial published in a prestigious journal.
WebMD and America's Centres for Dis-
ease (ontrol (CDC), sandard-bearers of
the old model of one-way information
fow online, are now o..ering socil net-
workin g tools like blogs and wikis. CDC
even has a presence on Seond Life, an on-
line virtu al-reality game.

One manwho has seen all this bebre is
Steven Case He founded America Online,
apioneering internet tfrm, and made a for-
tune selling it to Time Warner just before

14 Aspecial report orhealth care and technology

the technology-stock bubble burst. A few
years ago he became onvinced that the
next big thing on the internet was health,
so he launched Revolution Health, which
after recent acquisition s has bemme the
bigged online health Trm. The Trm's early
e...ors were dow t o develop, he mncedes,
in part because health care is a ®nserva-
tive business and the tnancial-reimburse-
ment models in health care are extremely
convolut ed.

But Mr Case remains convinced that
digital medicine will t ake o.... & people
live longer and spend an ever larger pro-
portion of theirincome on he alth, he says,
@he consumer will dem and to know and

O..er to readers
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willw antto be empowered.« He likens the
current state of digital medicine to the
heady days of the late 1970s when Apple
ushered in the age of personal computing .

Doctors are quick to point out that tran-
sistors are not the same & transplants.
Medicine is more complex than electron-
ics or even the internet. And there are a
number of thin gs about established medi-
cal practice that are to be cherished and not
recklessy castaside in the name of change.

Reforma tion, notr evolution

Thatis why it m ay make more sense to see
the move to digital medicine as a reforma-
tion rather than arevolution. In anissue of
the British Medicd Journal which was de-
voted largely to this topic last month, Jo-
anne Shaw, a prominent tgure in the Brit-
ish medical esablishment, argues that
(Eadition al paternalistic relationships be-
tween patients and doctors are being un-
dermined in m uch the same way as the re-
ligious Reformation of the 16th century
empower ed the laity and threatened the
1000-year-old hierarchy of the Catholic
church in Europe. The Reformation had ir-
reversible consequences for Western soci-
ety; the implication s of the health-care ref-
ormation could also be profoun d. Fiona
Godlee, the journal's editor, agrees with
her that the shift toward s patient empow-
ermentis (Eustoppables.

As bottom-up digital medicine arrives
infull f orce, itwillatl ast provi de reformers
with the tools they need to tackle the great
health-care challenges of this century:
dealing with the cost of chronic care for the
ageing population s of the rich world and
helping the weak health systems in poor
countries tackle deadly diseases.7
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