First of all, I am amazed and humbled by
the number of people who have come great dis-
tances to participate in this event. Americans
have come from 8 different states. A whole dele-
gation of luminaries have come from Edinburgh.
Switzerland, France, Germany, and of course
neighboring Belgium are represented. So it is a
great honor for me to welcome all of you to
Maastricht, the charm and beauty of which were
factors that helped lure me here two decades ago.

The title of this lecure is taken from a
comment by Winston Churchill November, 1941,
following the Batle of El Alamein. He famously
described the situation as being -not yet the
beginning of the end, but certainly the end of the
beginning.»

Using that phrase here begs that you
ask: the beginning of what? The answer, of
course, has to do in part with what [ have done
here since 1986, and.in part with how that relates
to my other interests.

[ have no family roots here. The main
tether has been my long friendship and strong
intellectual ties with Professor Harty Striuijker-
Boudier. That originated a decade earlier in
1976, and it is an essential part of the present
story, so 1 begin there.

Harry and I met when he was a post-
doctoral fellow with the late Arthur Guyton, Pro-
fessor of Physiology & Biophysics at the Univer-
sity of Mississippi. [ was wvisiting Guyton's
department as part of an official «site visits for the
National Institutes of Health, to which Arthur had
applied for renewal of his grant support. [ had

been there previously for a prior renewal review,
anid for the first time in 1968 when I was there
for a week as Visiting Professor of Physiology.

This was to be my last site visit, as T had
a few years earlier resigned my tenured profes-
sorship to become Principal Scientist and R&D
Director of ALZA Corporation in Palo Alto, Cali-
fornia. ALZA pioneered the development of rate-
controlled drug  delivery systems, and Felix
Theeuwes, who spoke earlier, was one of the
main sources of innovation at that guintessen-
tially innovative firm that Alex Zaffaroni had
founded in 1968, and which Felix and I joined at
about the same time in 1970

My defection to industry put me into the
category for which Walter Nimmo and 1 have
coined the term «defrocked professorss, My days
as a consultant to the research grants side of NIF
were thus numbered, though I later served a
3-year term on the NIH Director’s Advisory Come-
mittee in the later 80's. But, back to my first
meeting with Harry Struijker-Boudier.

Ag site visitors, our job was to review
the scientific quality of Guyton's research pro-
gram, which had a staff of about 70 people. Dur-
ing our visit, 4 lunch was organized that brought
the site visitors together with the entire faculty
and staff of Guytor's group. By chance, 1 was
seated opposite Harry, who, at that time, was a
freshly minted PhD in pharmacology doing post-
doctoral research in cardiovascular physiclogy
and systems analysis. 1 was stunned by this
highly wnusual combination of pre- and post
doctoral work. Most pharmacologists shun both
physiology and even the simplest concepts in



systems analysis.  Harry was — and 3 decades
later still is ~ a lone but now internationally
recognized leader in integrating pharmacology
and systems physiology. The fact that we are
here today is a direct consequence of that
chance meeting in 1976, Given the numbers of
people at the lunch, there was about a 1.5%
chance that we should have ended up sitting
close enough to carry on a serious conversation:

We site-visitors strongly endorsed Guy-
ton's program, and Harry and 1 kept in touch.
About a year later 1 phoned Harry about the pos-
sibility of running some computer simulations of
the actions of a group of polymers of hemoglobin
that my ALZA colleague, Pieter Bonsen (also
Dutch), had made. We had the idea that substi-
tuting the hemoglobin polymer for red blood cells
could reduce the viscosity of blood, and thus
recduce the work load of a damaged heart, giving
it a better chance to recover. Guyton’s computer
model of the mammalian cardiovascular system
was appealing, because he had been steadily
developing it for 25 years, By 1976 it embodied
the findings of hundreds of published cardiovas-
cular research studies, and thus had most of the
interactivity and self-regulatory properties of the
actual system. It was a unique resource, and an
ideal way to study the therapeutic usefulness of
Pieter Bongen's hermoglobin polymers.

Harry agreed to collaborate, so Bonsen
and T flew to Jackson. We had precise physical
and chemical data on the hemoglobin polymers,
andd Harry knew how to adapt the model 1o
incorporate the new prope of blood created
by substituting varying amounts of the polymer
for red blood cells. We then ran many simula-

tions with different degrees of cardiac damage to
see if the substitution of polymer for red cells
made any difference in the subsequent course of
cardiovascular events. The simulations ran
accelerated time, so that we were quickly able
to examine dozens of scenarios. Within about
4 hours we had the answer: there was no benefit
from substituting any of the family of polymers
we had for red blood cells.

TrE WHOLE IS GREATER THAN THE SUM OF ITS PARTS:
EMERGENT FUNCTIONAL PROPERTIES OF HIERARCHI-
CAL SYSTEMS

The reason was a classic illustration of
how differently whole systems can behave, com-
pared to thelr individual component parts. At
ALZA, we had been thinking only of how the
heart would respond to lowering the viscosity of
the blood it pumped. What we had not foreseen
was that low-viscosity blood flows with unusual
ease through the blood vessels, resulting in a hig
increase in (otal flow running off from the arte-
rial to the venous side of the vascular tree, then
returning to the heart, which it, in turn had to
pump. So the potential benefits of lessening the
work of the heart, by lowering blood viscosity,
were offset by a big increase in the volume of
blood the heart had to pump.

As we were shutting down the com-
puter, Arthur Guyton came in and asked us how
our work had gone. | told him that we had got-
ten a very clear answer to our question. He
asked me to tell him again what our question
was. 1 told him about the idea of lessening the
work of the heart by reducing blood viscosity.
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He then sank into deep thought for what must
have been at least 3 minutes — a long time when
people are just standing around [ooking at each
other. Finally, he said: «It won't work+, and pro-
ceeded to tell us what we'd learned from the sim-
ulations. He had run the simulations in his head,
based on his 25 years of experience in building
and refining the model. It was a good reality
check on our simulations. It was also a vivid
demonstration of the power of human thought,
disciplined by experience in both qualitative and
guantitative analysis.

In the succeeding 28 vears, events have
only strengthened the conclusions we reached
during this remarkable half-day of work in Jack-
son, back in 1976, We spared ALZA from enter-
ing into what would been an ultimately fruitless
but costly endeavor in product development.
Others have tried things similar since, with big
losses arxd no success.

HISTORICAL ASIDE: THE INDUSTRIAL INCUBATOR ROLE
OF ALZA CORPORATION

I believe that this was the first application
of modeling & simulation in pharmaceutical product
development. Others started using modeling &
simulation during the last decade. 1 have sug-
gested that Harry, Pieter Bonsen, and [ jointly have
re-enacted the roles of Prince Henry the Navigator,
Vasco da Gama, and Vasco's first officer in respect
to modeling and sirmulation in drug development.

This story is just one of many examples
of ALZA’s remarkable history of innovations that
were highly effective for the tasks at hand, but

have had little or no recognition within the phar-
maceutical sciences. Certainly we never shy about
promoting ALZA technology and products, but
we put the emphasis almost entirely on the main
theme, which was improving the therapeutic
value of drugs by delivering therm continuously at
controlled rates, rather than intermittently in
shugs. Some of the unsung but important firsts'
at ALZA were, besides the first use of computer
modeling and simulation in drug development
and decision-making, development of the first
electronically monitored drug package to compile
dosing histories in ambulatory patients, the first
radiation-sterilized human pharmaceutical product,
the first pharmaceutical product to have s
strength specified by its rate of drug release in
vivo, rather than by the amount of drug it con-
tains, and the rewriting of the pharmacologies of
scopolamine, pilocarpine, and nifedipine.

As for modeling & simulation, T had
already made heavy academic use of this
approach during the lawer 1960's (1) in my ear
lier career as Professor of Physiology in the
Department of the late Ernst Knobil at the Uni-
versity of Pittsburgh.  Ernie Knobil is present in
spirit here today.

The story of the hemoglobin polymer
not only describes my first link to Harry Struijleer-
Boudier, but also highlights my most basic intel-
lectual interest. That is why 1 labor a bit over it,
for it is the wellspring of all my subsequent inter-
esis — drug delivery systems, patient compliance,
pharmaco-epidemiology, and physiological sys-
temns analysis. To give this wellspring a name,
I would suggest: the emergent properties of com-
plex systems,



ON EMERGENT PROPERTIES

The term ‘emergent’ means that, when
you put several components together in a work-
ing systern; the systemn acquires funictional prop-
erties not seen in the individual components
operating in isclation. Novel properties emerge
from the interactions of the component parts.

It points to 4 very basic problem in bio-
medical research; embodied i the present exu-
berance about the human genome., We now
have the human genome defined - a phenome-
nal accomplishiment, considering that the basic
genetic code was discovered only 50 years ago.
But having gotten the map of the human
genome, with due accolades to those who
worked it out, where do we now stand? Natu-
rally we are beter-informed, but the quest to
cure carnicer has not suddenly ended. Far from i,
for recently we were informed that it is going to

TABLE 1
LEVEL CONSTITIUENTS

take maybe 25 years to understand how o inter-
pret the genome. That prediction has to be
seen in light of the fact that 7 vears is about the
limit of credibility in the predictions business, «
25 yearss is tantamount to saying «longer than
P'll be around to be accountable for the predic-
tions.

S50, all those claims for all those years
that getting down to the molecular level would
solve the big problems in medicine and biology
have turned out to be the ‘hype’ of a faulty epis-
temology — not an automatic solution to the big
problems, but just another step along the way.

The genome is 4 component at the bot-
tom end of hierarchical organization of biology.
As Table 1 shows, one can readily identify
11 discernibly distinct levels of organization,
each with its own functional characteristics that
emerge from its components.

1 Populations

2 Closely intercommunicating groups of organisms (herds, feedlots, villages, tribes, watersheds, sales territories, special interest groups, etc.)

3 Mather & fetus(es)

4 Whole organisms (mature or immature males, females)

5 Organ systems (heart, lungs, kidneys, adrenals in congestive heart failare; CNS, heart, lungs, muscles in exercise, etc)

b Organs (brain, heart, muscles, liver, kidneys, endocrine glands, etc)

7 Groups of directly intercommunicating cells (the nephron, the hypothalamic-pituitary axis, adrenal medulla being downstream from the
adrenal cortex, etc)

8 Cells

9 Subeellular structures (microsomes, mitochondria, the nucleus, etc)

{i] Groups of interacting molecules (the genome, enzyme systems, drug receptors & internal signalling mechanisms, etc)

I Molecules (genes, enzymes, drug receptors, ete)



Omne could use different terms, or difféerent
approaches to categorization of these different
levels of biological organization, but the essential
point is that each of these levels of organization
manifests emergent properties.

These 11 different levels have academic
disciplinary echoes, starting with biochemistry
and medicinal chemisty at levels 11 & 10, virol-
ogy at level 10, cell biology at 9 and 8, physiclogy
and classical pharmacology at 7 through 3,
epidemiology at 2 and 1. Note that the upper
levels are not much in academic vogue in recent
years. That will have to change, as the task for
the next half-century is the understanding of
those emergent properties, how they arise from
and link back to mechanisms at the lower levels
in the hierarchy.

To anticipate a key conclusion pertinent
to pharmaco-epidemiology, one can see that
classical pharmacologists work at levels 3-7,
molecular pharmacologists work at 10 and 11,
and pharmaco-epidemiologists work at levels
2 and 1. At level 2, for example, an especially
persuasive sales rep can have a major influence
within his or her sales territory on how a drug is
used and the prevailing health status of the
patients who are prescribed the drug in question.

Of course one of the reasons for rapid
advances in the discovery of, e.g., antiretroviral
drugs for treatment of HIV infections, is the fact
that the retroviruses are organisms that basically
represent level 10. Mechanisms operating on
groups of molecules are not subject to modifica-
tion or nullification by emergent properties at
levels higher than 10. At the same time, how-

ever, the more successful drugs are those thar
have not single but muliple mechanisms of
action. Antiretroviral drugs, like systemically
administered drugs of any class, have 1o be
absorbed, distributed, and metabolized, and so
they pass through levels 5-9 before gewing, in
some form or other, and at some concentration
or other, tw the rewroviruses which they are
designed to attack.

The developmemnt of diug resistance is a
major problem in all areas of infectious disease
geatment, and that process dependds on muta-
tions. Resistance is readily achieved If only one
mutation is required, but slowly achieved if it
takes a half dozen or more mutations.  But even
viruses are influenced by the hwman biological
hierarchy, for the whole topic of emergent drug
resistance is dominated by level 4, where
patients’ negligent dosing patterns can allow
drug levels in blood to fall to a critcal range -
low enough to permit viral replication, but high
enough to exert selection pressure favoring the
replication of drug resistant mutations.

Let us now turn to the specifics of why [
came here, and what has been accomplished in
the intervening 18 years.

How I CAME 1O COME HERE

One day in 1982, the late Brost Barany
and | were at a terribly boring imeeting in Gothen-
burg. We slipped away and took a long walk.
Ernst was a member of ALZA’s Scientific Advisory
Board, Professor of Pharmacology at the Univer-
sity of Uppsala, Sweden, and had the professorial




chair of Carl Linnaeus, who had, in poctic terms,
«named the Howers», and, in biclogical terms, had
created the taxonomy of botanicals. Ernst is also
here in spirit. During our walk, be and 1 dis-
cussed the lack of good drugs for weating con-
gestive heant failure, which, during the 201 cen-
wiry replaced infectious diseases in the westemn
courntiles as the main pathway to the grave.

Ernst made the suggestion that ALZA
sponsor a systematic exploration of how the
available drugs for the failing heart might be
used in combinations. Most cardiotonic drugs
have very narrow marging between effective and
toxic doses. One would look for combinations
where two drugs levels of effectiveness were
additive, but where the side-effects differed and
were not additive, It was an excellert idea, well-
suited to ALZA’s capabilities and needs, and
capable of meeting a major unmet medical neecl.
But it ealled for very careful work in thoroughly
understood animal models. [ immediatety thought
of Harry and his colleague, Jos Smits, who had
already demonstrated their mastery of careful,
quantitative analysis of cardiovascular drug
actions in well-understood animal models. Harry
and Jos liked the idea, and, in due course, they
decided to undertake the work, but they said thae
they would like me to come over for several
months to work with them as the prograr
underway, 1 convinced my ALZA colleagy
this was a good thing to do, and so went off on
what amounted to a self-created sabbatical during
the summer of 1984.

Dusiing the previous year, T had endured
a grueling controversy about an ALZA product
on which high hopes had rested: the oral

osmotic pump form of the widely-used but side-
effects prone anti-inflammatory drug,
indomethacin. The new osmotic pump formula-
tion had been jointly developed by ALZA and
Merck, Sharp & Dohme, and was launched under
the trademark, OSMOSIN, in the UK, Germany,
and 5 other countries in the spring of 1983
Many patierts found it a substantially beuer

product  than  conventionally  formulated
indomethacin, and that clinical impression

quickly trned the product into the most suc-
cessful new product in the history of the UK
pharmaceuticals market. But by mid-summer,
adverse reaction reports were beginning to come
in at a brisk rate, and by August there began a
media frenzy in the German press, based on
news leaking out of the British drug regulatory
authority. The British press more or less goes on
holiday in August, but when they returned in
early September, they, oo, joined the frenzy, and
by the end of the month the product was forced
off the market.

As these events were coming to a crisis,
[ put together a program with Bill Inman, to ana-
lyze the British reports of adverse drug reactions,
and to use Bill's prescription event monitoring
system to understand as well as we could what
had gone wrong. Bill had coined the term phar-
maco-epidemiology, and was the world's First
professor of the discipline at the University of
Sharp & Dolune appeared to want nothing other
than to put this bad experience behind them as
rapidly as possible and move on to other things.
The burning question for ALZA was whether this
was inherently a drug problem or a delivery sys-
tem problem, a question that was beginning to
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enter public debate. It was certainly known at a
qualitative level that indomethacin had created
alcers in every segment of the gut, from the
esophagus to the rectum.  Since the introduction
of indomethacin in conventional capsule form a
decade earlier, however, new methods for gath-
ering information on adverse drug reactions had
come onstream generating quantitative data on
OSMOSIN, but only qualitative data on
indomethacin in capsule form.  That one-sided
comparison created the illusion that the new,
osmotic pump form of indomethacin product
was much more hazardous than the old, capsule
form of the drug.

Qur aim at ALZA was to understand
those matters fully. By the time [ came over to
Maastricht in the summer of 1984, there was
already clear evidence that many prescribers had
responded to news about the favorable side-
effects profile of OSMOSIN, and had opted to
prescribe the product to patients with an unusu-
ally high background incidence of peptic ulcer
disease. It was also clear that there were sub-
stantial errors in the database on which the deci-
sion to withdraw the drug had been taken,
including some patients who had never gotten
OSMOSIN in the first place, and others who were
double-counted because of clerical errors. 1 was
brooding over these problems, how to measure
them, and how to prevent them, while working
with Jos Smits on heart failure models,

Also, during the summer of 1984, Joan
and T did a lot of bicycling in the area around
Maastricht, which served to fix the geography in
my head. I formed the idea that South Limburg,
surrounded by Belgium and Germany, with its

major medical center in Ma;
good region fn which © esablish a research pro-
gram in pharmaco-epidemiology. So, 1 wibte o
letter to Dean Co Greep, also here today in spirit,
suggesting that the University could meet .
unmet need in postmarketing surveillance ©
prescriprion drugs if it could mount & program in
its surrounding region that could insure reliable
ascertainment of drug exposure. That letter trig-
gered the formation of a study-team, which
included the then-Professor of Epidemiology,
Ferd Sturmans, Harry, and the then-Secretary to
the University, Edward Steur.

Meanwhile, back at ALZA, my sell-
created, one-off sabbatical had wriggered bureau-
cratic reactions, one of which was the creation
of a sabbatical program within the company. |
could see that bureaucratic sclerosis was making
headway at ALZA when [ was notifed officially
that, because of my 14 years of service, T was
awarded a 3 month sabbatdcal.  So, 1 took the
system at its word and spent a second summer in
Maastricht, in 1985. T was also by then worlking
on the founding of a new company, APREX Cor-
poration, to develop electronically monitored
pharmaceutical packages that could measure
patients’ compliance with prescribed drug dosing
regimens by compiling smbuldatory patiepts’ dos-
irig histories.

Meanwhile the heart Failure work was
progressing nicely under Jos Smits's direction,
and, without going into details, 1 would just say
that that by the time the animal model work was
well-encugh along to begin studying the interae-
tions of cardiotonic drugs, 1 had left ALZA and
the work here began to veer in other, equally




interesting directions which have been tremen-
dously productive, including many publicationis
and jos Smite’s later receipt of an Established
Investigatorship from the Dutch Heart Fund in
1986, and the Organon Award of the Dutch Phiar-
macological Society in 1990, The original sug-
gestionn of Brast Barany still awaits study. I'm
thinking that [ might apply for a post-doctoral
fellowship in the Department of Pharmacology to
pursue that original question.

Jos Smits noted, in checking the dates of

liis various awards, the following note: «I think
that also the 11 million Buro grant that T recently
got for ‘molecular imaging of myocardial
ischemia’ can, to a large extent, be considered as
a apin=off of the things you initiated in 1984,

During 1985, several key things hap-
pened. The idea of starting research in phar-
maco-epidemiology in Maastricht was supported
by all involved. The Dutch government had
informed the pharmacists that they would pay
for drugs within 3 days on electronic data, versus
10 days eon paper data. That administrative
change created the key economic stimulus to
computerization of pharmacies.

Then it gradually dawned on me that the
real opportunity here lay, not in the special geog-
raphy of South Limburg, but in the fact that com-
munity pharmacies were now computerized, and
that the Sickfunds' long requirement for insured
patients to designate a single pharmacy for all
reimbursed prescriptions created a  unique
opportunity o have essentially complete, reli-
able, abjective data on large numbers of ambula-
tory patlents’ exposure (o prescription drugs. We

devised strict controls to protect patients’ privacy.
We could work with drug dispensing records that
showed the patient’s age and gender, which was
good enough to minimize confusion of two
patients and robust enocugh to protect patient
privacy. Moreover, the study of drugs actually
dispensed bypasses one of the gaps in ambula-
tory care, created when preseriptions are written
but never taken to the pharmacy for dispensing.
Those prescriptions create no exposure to drug,
and are not counted because our method counts
prescriptions dispensed.

As occasionally happens in epidemiol-
ogy, administrative mechanisms create unique
opportunities for epidemiological research. Here
the Sickfunds' requirement for a patient-designated
single pharmacy assured virtual completeness of
tecords, and the change in payment times intro-
cced the computer into cornmunity pharmacies
all over the country, making it practical 1o gather
and analyze large numbers of patients’ drug
dispensing histories. It is a good illustration of
Pasteur's dictum that «in research, chance favors
the prepared mind.»

One further and very important aspect of
the work was the recognition that a prescription
drug history is in fact a kind of cameo medical
history, because of the relatively specific medical
indications for use of almost all modern prescrip-
tion drugs. [ frankly don't know whether I was
the first person to grasp that point, but certainly
my prior 15 years of work in the pharmaceutical
indastry made me quite aware of the fact that
what it says in the labeling focuses how drugs are
marketed and used. So regardless of the origi-
nality of the concept that a dispensing history can



9

be read as a cameo medical history, it has been a
fundamental in all the work done here since its
inceptions in 1986. It is a very important point,
for pharmacy data are uniformly formatted and
must comain essential features for them to be the
basis for reimbursement.  Thys, they have the
quality of financially auditable records.

[ had no interest in poking around in
physicians' records, which are often haphazardly
formatted, and sometimes vague in respeci to
prescribing information.  There are, 10 be sure,
occasional instances in which interpretation of
drug dispensing data requires some extra infor-
mation from the prescriber. These have been
infrequent, but we devised a way to discuss indi-
vidual patients with the prescriber without
breaching patient privacy. We inform the phar-
macist which record we need to discuss, and the
pharmacist in turmn informs the prescriber which
patient it was we wanted to inquire about. Thus,
patient privacy is preserved.

So we had in outline the basis for a sys-
tem that could be expanded w include multiple
community pharmacies, which assured strict
maintenance of patient privacy, which provided
solid evidence for drug exposure, and which,
maost imporandy, allowed us to look back at what
drugs the patient had been prescribed before the
appearance of a new drug in the market. Thus
we could assess channeling, which, until our
work, had been only a theoretical construct.

The late Alvan Feinstein, who is also
here in spirit, and his colleague Joseph Con-
cato.had faced a similar problem of characterizing
the comparative severities of co-morbid condi-

tions among groups of patients (2. They
attacked it by brute forde - ¢ g
of three experienced internists o do a
review of the medical records of large numbe
of patients. They did this as a one-off procedy
to resolve a question about differences in the
longterm after-effects of the two main types of
prostate surgery. They were they able to elimi-
nate the suspicion that there was a difference in
long-term after-effects of the two types of sur-
gery. The proper explanation was selection bias,
created by the fact that the one wpe of surgery
tended to be used in patlents who were sicker
than those who got the other type of surgery.
Naturally, the originally sicker patients fared less
well in the long run than did the healthier ones,
Such intensity of review presumed, of course,
good data in medical records — possible for con-
ditions that had patients in hospital, but not pos-
sible in ambulatory care.

The indtial pilot work here (3) was done
by Hans Petri, with the collaboration of Rieki de
Vet and Fons Kessels, using, to start with, the dis-
pensing data in the computer of Jack Naus at the
Apotheek Nederweert. Nederweert is a lovely vil-
lage about an hour's drive north of Maastricht,

Jack Naus has been an unstintingly enthusiastic

collaboraror and confident ploneer in the work
done i Maasticht, his willingness o make
anonymized data available for pharmaco-cpi-
demiological analysis created the cornerstone of
the work.,  Hans Petri has been an invaluable co-
worker throughout the formative stiges of this
work, and his thesis on the prescription drug
history and what can be done with it, is a
cornerstone of pharmaco-epidemiologic research
on ambulatory patients (4). Hans also hds good




organizational skills, and played a leading role in
creating the Stichting Parmacoepidemiologie,
which allowed creation the chair in pharmaco-
epidemiology at Maastricht that 1 have held since
199, Hans was my second graduate student, and
his thesis (4) is an excellent record of the unfold-
ing of pharmaco-epidemiological research here.
My very first stadent, Richard Bergman; is, by
remarkable coincidende, being honored this very
day by the American Diabetes Association with a
special dinner in Los Angeles. Richard is Profes-
sor and Chairman of Physiology at the University
of Southern California School of Medicine, and is
a recipient of the Lilly Award from the American
Diabetes Associdtion (5) and-other honors. He
did his graduate studies in physiology under my
direction at Pinsburgh, finishing in 1970.

Jack Naus has ably and enthusiastically
served as the Stichting's treasurer, which has
been real wark, Jack and I found novel ways to
keep the Stiehwing financed, which was easiest
when an affluent pharmaceutical industry was
paving [ront-of-plane air fares, and 1 was willing
10 fly in the back of the plane, with the huge dif-
ferences nurturing the Stichting. Lately, the pres-
sures on the industry have made that maneuver
much more difficult, so my successor will have o
find other ways to keep the Stichting healthy.

This chair is the first in the Netherlands,
and the second worldwide, Since Bill Inman's
et at Southampton, 1 have deseribed
olf as the word’s oldest, longest-serving, and
professor of pharmaco-epidemiology.

Having wiumphed over the dreaded curse of

anorexia, T am virtually assured that my succes-
gors will be smaller people than L

There was never any question of my doing
this work on a full-time basis, for 1 had 100 many
other things going on to allow this activity 1o he
more than a fractional one. The same vear I started
coming here, T cofounded APREX Corporation in
Palo Alto, California. That company’s mission was
w develop elecronic methods for cempiling drug
dosing histories in ambulatory patients, using time-
keeping and dme-stamping microcircuity  inte-
grated into pharmaceutical packages. This method
— formally called electronic medication event mon-
itoring ~ provides data complementary to what we
were starting to gather from Dutch community
pharmacies: Electronic monitoring provides the
micro-ascertainment of drug exposure, hour by
hour, day by day, week by week. The prescription
dispensing records we studied here in the Nether-
lands are a semi-micro ascertainment of drug expo-
sure, for they do not show the hour by hour or day
by day detail, only when a prescription was dis-
pensed, what the prescription called for in the way
of drug, dose, dosing frequency, and quantity of
drug dispensed —which created a de facto definition
of the duration of dosing under the prescription. Of
course it depended on how regular the patient was
in taking the medicine. If the prescription called for
once-daily dosing of a single tablet, and 60 tablets
were dispensed, you could expect that patients
who dosed regularly and punctually would take the
last of the 60 tablets precisely 60 days after the first
dose. In contrast, if the patient skipped half of the
scheduled dases, then it would wke 120 days to
finally come to the last tablet. We wrestled with
such uncertainties inherent in dispensing data, but
it was clear from the outset that we had in hand a
system that was a quantum jumgp in the reliabilicy of
ascertaining ambulatory patients’ exposure to pre-
saription drugs.

10
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Today, there is increasing integration of
the dispensing history data with electronic dos-
ing history capture, and, in some instances hos-
pital admission and discharge diagnoses, and
laboratory test results.  Such capa abilities were
only a distant vision in 1986. They have been
catalyzed by the insightful thesis research of Erik
de Klerk (6), whom 1 count as my second
graduate student here, though officially he was
categorized as a student in rheumatology.

You will note that I have had only
3 graduate students — Bergman, Petri, and de
Klerk. My real interest is not in teaching stu-
dents to become analysts, which is the orienta-
tion of the PhD thesis, but rather to teach peo-
ple how to integrate. Skilled integrators in
today's world become Chief Executive Officers
or Chairmen of their respective firms. 1 count
14 people who have worked for me, and who
have gone on to be CEC’s or chairmen. I
believe strongly that a major challenge to aca-
demia is to reorient graduate study towards
integration and integrative systems analysis,
from which will come the minds that will solve
such problems as how to understand the func-
tionality of the human genome, how to predict
emergent characteristics of complex hierarchical
systems, how best to manage large organiza-
tions, and the like.

Very soon after getting started, Hans
Petri and I were joined in our work by Bert
Leufkens, who was then still a graduate student
at Utrecht, originally interested in what was
called ‘social pharmacy’. Bert and his mentor,
Albert Bakker, Professor of Community Phar-
macy at Utrecht, quickly realized that epidemio-

logical analysis of prescription drug dispensing
data wus to become an mportant component of
the pharmaceutical sciences. More about Bert
fater.

This basic approach, for which Jack
Naus's pharmacy was the pilot, has steod the test
of time and increasing numbers, Today, starting
from our pilot work with Jack and his half<dozen
physician  colleagues in  Nederweert, the
approach was adopted and greatly expanded by
Bert Leufkens and his colleagues at the School of
Pharmacy in Utrecht, and has been recently
extended, under the direction of Ron Herings,
into a commercial venture, the PHARMO Institute
of Drug Outcome Research. 1 view commercial-
ization  of the  pharmaco-epidemiologic
approaches we pioneered here as the ultimate
ratification of their value, PHARMO has access to
dispensing records in the computers of Dutch
pharmacies serving in excess of 4 million
patients.

Many take a negative view of commer:
cialization of what has started as an academic pro-
gram, but when success of the academic program
begins to attain a certain size, it is time to spin the
activity out into the marketplace and not try to run
a de facto commercial activity from inside the Uni-
versity. My views on this were originally inf
when [ came as a junior faculty member (o Lhu
University of Pitsburgh School of Medicine imme-
diately after Jonas Salk had departed to La Jolla,
California. Salk had run a commercialsscale vac-
cine development and production enterprise
inside the University, That big enterprise ruined
many academic careers, for it i$ not in the nature
of industrial-scale activities to provide publishing




opportunities. The spin-out of PHARMO from the
Departiment of Pharmaco-epidemialogy and Ther-
apeutics at Utrecht has conie at precisely the right
point in the scaleup of commuanity phiarmiacy-
based ascertainment of drug exposure.

On the academic side; there are now
three professorial chairs in pharmaco-epidemiol-
CEY, W "l@ﬂ‘f ‘Ehcﬂrﬁ' were none whm I smrﬁed here
in 1986

lh'm any mhu* umnftry in Lm, wmi(. and wlm[
is called the <Duch School of Pharmaco-
epidemiologys is a leading part of the International
Society of Pharmaco-epidemiology, of which
Bert Leufkens is past-president.

Bert Leufkens has brought uniquely
effective leadership to pharmaco-epidemiology
fior only at Utrecht, but nationally and interna-
tionally. His predecessor, Albert Bakker, had the
great foresight to recognize both the growing
importance of pharmaco-epidemiology and the
unique contribution that this country can make
to the discipline. As Albert was retiting, he
organized the transition of what had been a
Department of Community Pharmacy to a
Depariment of Pharmaco-epidemiology & Thera-
peutics, with Ben Leutkens as its Frst Chairman.
Albert also promoted me for a honorary degree
from Utrecht in 1997, which was a splendid way
o help promote pharmacoepidemiology.

Bert Leutkens brings unique skills in
analysis, organization, and management to the
full range of challenges that beset the Professor
and Chairman of a large department. We have
had many adventures together over the past 18

years. Just a year ago, Bert and I wook a week of
his well-carned sabbatical to drive across the
1.5, in a rented Cadillac, from San Francisco to
the Fast Coast, with intermediate stops in Death
Valley, Bryce Canyon, an unseasonal heavy snow
in the Rockies, antiques in Kansas, the architectural
gem of Columbus, Indiang; Abraham Lincoln's
log cabin birthplace, a Shaker Village in eastern
Kentucky, and the monumental art collection
of the Barnes Foundation in Philadelphia. In
addition to all the scenic splendors, we had the
opportunity for many discussions. 1 brought
along my radar derectar, so we also refined the
art of early detection of police radar signals,
which greatly facilitated our forward motion.
(Radar detectors are legal in most American
states.) Each day’s twilight was mellowed by
moderate portions of Lagavulin, one of the finest
of the single-malt scotch whiskies.

ON CHANNELING

The most important finding to come out
of the pharmacoepidemiologic work in Maas-
tricht has been the discovery of the phenomenon
we call ‘channeling’ (7). It describes an impor-
tant effect of market positioning on the compo-
sition of the groups of patients who are pre-
scribed the product. The concept is at once both
simple and subtle. Imagine a new pharmaceuti-
cal product that is the 4th entry in its field. So
already there are 3 other like-indicated products
competing for share in the market. The new
product’s management faces the challenge of
creating for the new product some distinguishing
feature that would cause physicians to prescribe
it. «Strongers is one possibility; sfewer side effectss




or <better tolerated- are others. «Longer lasting»
~ maybe. Or an additional pharmacological fea-
ture — e.g., let us say that the new product hap-
pens to have the property, besides its main indi-
cation, of preventing seizures, or lowering LDL
cholesterol. If there is something in the promo-
tional program that moves physicians o pre-
scribe the new product relatively selectively for
patients who have unusual co-morbidity or
unusually severity of the disease which is the pri-
mary indication for prescribing, then the resulting
group of users of the new product will bring
those atributes and their sequellae into the post-
marketing surveillance data on the new product.

Hans Petri discovered a particularly
strong example of channeling in asthma patients
prescribed one of the three then-available types
of inhaled beta-2 agonists — salbutamol, terbuti-

lene, or fenoterol. In asthma, a key indicator of

disease severity is the prescribing of systemically
administered steroids. Hans found that a much
higher proportion of patients prescribed fenoterol
were coincidentally receiving systemic steroids
than either of the other two agents. The mar-
keting program for fenoterol was centered
around two features: (a) an implicit claim that
fenoterol was inherently more powerful than
either of the other two beta-agonists; (b) promo-
tion focussed on pulmonologists rather than on
general practitioners.  Some combination of these
two factors, and perhaps others, was responsible
for fenoterol’s channeling into patients with more
severe asthma (8). The upshot of the channeling,
however, is that, ceferis paribus, the occurrence
of adverse events, and the flow of reports about
them, will be higher in recipients of fenoterol
than in recipients of the other two agents.

Note that this is an emergeat property of
this class of drags. The several drugs in the class
went into patients with quite different co-mor-
bidiries. Yet if studied in carefully controlled i
als they are not distinguishably different:  Clini-
cal pharmacologists study the actions of the
drugs in controlled wials destgned so that the
drugs are tested in comparable padents. That is
the root reason for randomized assignment of
trial participants to each test agent, to assure that
observed differences can be atributed o differ-
ences in treatment agents, and not subtle differences
in the patients receiving the different agents.
But at the higher level of organization, where
real patients are prescribed the agents for pre-
vailing reasons, fenoterol acquires the emergerit
property of having a flow of adverse reaction
reports driven by the peculiarities of the patients
to whom it is being prescribed. Failure to grasp
this important emergent property of the drug in
its everyday use led to its withdrawal in some
countries, and to suspicions about its relative
safety that have curtailed its use elsewhere.

Hans Petri, Bert Leufkens, 1 and others
found the same sort of thing happening with a
delivery systems form of a nonsteroidal anti-
inflarmmatory drug called ketoprofen, introduced
into the Dutch market by SmithKline. The pro-
maotional program for the SmithKline product
looked like a photocopy of the earlier MSD mur-
keting plan for OSMOSIN, emphasizing  the
advanced technology of the diug delivery syster
ancd how it can mitigate the usual gastro-intes-
tinal side-effects of the drug. We could now do
for the SmithKline product what no one was able
to do (or even thought about) for OSMOSIN, We
used the patients’ prior receipt of prescriptions




for cimetidine, ranitidine, and other inhibitors of
pastric aeid secretion, used for dyspepsia and
peptic-ulcer-disease, as markers for prior history
of these conditions. The delivery system formof
ketoprofen indeed fiad a uniquely high prior use
of acid-inhibiting drugs compared w other anti-
inflammiatory agents being introduced at the time
into the marketplace. We also saw an unusually
heavy fow of adverse redaction reports, but the
knowledge of its channeling into problem-
patients convinced the Dutch regulators not to
withdraw the product, thus sparing It from the
earlier fate of OSMOSIN (9)

THE UR-PROBLEM IN PHARMACO-EPIDEMIOLOGY

It illustratés what | have termed the -
problem in  pharmacoepidemiology: did the
product bring the problems to the patients,
or did the patients bring the problem to the
product? { would say, as a kind of rule of thumlb,
that the latter seems to be about mwice as likely
as the former.

SECOND-GUESSING PRESCRIBERS ?

This worle naturally put me in a position
1o second guess the prescriber and, had I wished
toy, 1 could have gone off into an attack on the
guality of prescribing. | wasn't here very many
days before deciding that the quality of medical
practice and prescribing was a place T would not
g,  Physicians can and do make mistakes, but
my aim was to develop methods that could cast
fight on the actions = beneficial and harmful - of
prescription drugs in large groups of patients

exposed to them. Fortunately, I was never con-
fromted with the ethical challenge of discovering
evidence of gross malpractice that would have
forced mie to abandon my policy of acting on the
assumption that each GP in our database was a
well-informed, medically skilled, hard-working
individual, consistenily acting in his/her patients’
best interests.

THE LATEST THING

Several years ago, Bert and I attended a
meeting of the EBEuropean Drug Utilization
Research Group at the Dead Sea. We met with the
people who run the WHO Statistical Research
Centre in Oslo, and who have the task of defining
so-called ‘defined daily doses” (DDDY's) of each of
the major prescription drugs. In a moment of
inspiration, we asked the head of the Centre if she
would post on their website all the changes in
DDD's since they first started to compile them,
which was about 1980. So, in a few weeks, the
list of changes in DDD’s appeared on their web-
site.  With Rob Heerdink, Bert and I analyzed
these changes, and examined the time-trends. In
sumimary, we found different trends among anti-
infective agents and all other classes of drugs.
The former showed miostly increases in DDD,
whereas the others showed mostly decreases.
And, among the non-infectious disease products,
the time wend of products undergoing DDD
decreases showed a striking rise since 1990
Meanwhile, Carl Peck, wha spoke earlier, and his
group at Georgetown, had been studying the
same phenomenon, but based on FDA-approved
changes in labeled dosing recommendations.
After some discussion, we agreed to put the two
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papers back to back in the pharmaco-epidemiology
society’s journal, Pharmaco-epidemiology & Drug
Safery. The editor, Ron Mann, agreed with our
suggestion to accompany the two papers with an
editorial, which Harry Struijker-Boudier was
invited to write. The whole package appeared in
the September 2002 issue of the journal (10:12),
and, with a bit of deft PR on our part, got wide
attention in the news media, including the New
York Times and rhe NRC Handelsblad.

AND 50,

That was it ... that was why I chose to
spend 20% my time coming to this
sometimes cold, often dark, sometimes beauti-
fully springlike or summery city for periods of a
week or two, at intervals of 1-2 months, cast into
jet lag for a third to half the time 1 was here. |
cannot tell you how many times I set out in the
morning of my 20d or 374 day here with a pro-

found sense of fatigue, wondering to myself

«why do I do this?» Flving from California forced
my biological clock to

grind its gears over the 9-hour time difference. 1
have had some memorable afternoon naps, but
many periods where my best work was done
berween 2 and 6 in the morning.

Occasionally T stayed for longer periods,
but those were an exception. Most of my com-
ings and goings had the attribute of the Cheshire
Cat in Alice in Wonderland — now you see me,
now you don't. Fortunately, the advent of low-
cost transatlantic phone calls, and of the internet
made it possible to communicate as well, if not
better, than were 1 here on a permanent basis.

IN suMsARyY

In summary, in the past 18 vears, eight
main things have been accomplished in phar
maco-epidemiology in this country:

FIRST, the creation of pracdcal, low-cost, pri-
vacy-assured, methods for using Dutch commu-
nity pharmacy digpensing records to ascertain
ambulatory patients’ exposure o prescription
drugs.

SECOND, demonstration of the virtual sufficiency
of dispensing data, as a cameo medical history,
for sound pharmaco-epidemiological interpreta-
tion,

THIRD, creation of a privacy-assured way to sup-
plement, when necessarv, dispensing data with

information from prescribers.

FOURTH, first demonstration of the utlity of
studying prescribing sequences, known as pre-
scription sequence analysis (or to mandarins as
the case-crossover method).

FIFTH, discovery of a practical way to identify
and semi-quantify the existence and importance
of the channeling phenomenon,

SIXTH, demonstration of the rising number of
newly registered prescription drugs that enter the
market with recommended doses that are ser too
high.

SEVENTH, the establishment of pharmaco-epi-
demiology as a robust academic discipline in the
Netherlands.



EIGHTH, the transition from pilot scale to
research scale to commercial scale of the use of
community pharmacy dispensing records as the
centerpiece of Dutch pharmaco-epidemiology.

My role in all of this has been mostly catalytic,
and, of course as the work gets more and miore
into a routing application of éstablished tech-
niques, the need for catalysts properly diminishes,
so this is a good tme 1o stop.

UNFPINISHED BUSINESS
Some important unfinished business is:

First, to define methods for ascertaining the suf-
ficiency of channeling as an explanation for
adverse events

Second, to demonstrate and quantify the conse-
quences of the holiday pattern of drug dosing -
hazardous rebound & recurrent first-dose effects
in cardiovascular and other drug classes, emergent
of drug resistance among anti-infective agents.

Third, o put in place ongoing, routine surveillance
of new pharmaceuticals entering rthe Dutch market.

Fourth, o understand better the forces that are
driving the increase in overestimated dosing
requirements.
Whar's noxr?

My main interest has been and remains defining
the clinical explanatory power of drug exposure

data at the micro level of daily dosing patterns,
captured by electronic monitoring. That work
has been greatly facilitated by the work of
Bernard Vrijens and’ his colleagues at the
AARDEX Staristical Research Centre in neighbor-
ing Visé, Belgium. My cdose working relation
with Bernard and his colleagues means that Joan
and I will keep our apartment in Maastricht and
continue to use it both because of its proximity
10 Visé and as a way-station for other things that
bring us to Europe. It also means that I can con-
tinue to be a regular at my neighborhood café,
‘tPrusske, at 9 Hoogbrugstraat, where my carica-
wre is 3" from the left on the wall opposite the
door, for about 10 years since the ‘tPrusske reg-
ulars were sketched by a passing caricaturist. Ed
Niesten, the proprietor, is in the audience today.
My original café was the Old Clock in the
Tongerseweg,; but the clientele changed over the
vears, and eventually George Hoebrechis, its
proprietor, retired. George and his wife Fien are
here today. 1 hope to take retirement lessons
from George, who seems to have mastered the
art.

[ serve on 3 Boards of Directors, 2 of
them publicly traded companies. I am Vice-
chairman of Inveresk Research Group, the
remarkably successful firm brilliantdy led by
another defrocked professor, Walter Nimmo,
who is here today, leading the group of luminar-
ies from Edinburgh. 1t once was easy to be a
board member, but recent events have made it
far more demanding, for | have to chair the cor-
porate governance committee, and endure the
agonies of service on the audit committee. I'm
also a Board member of a California firm called
Biomarin Pharmaceutical Co., which focuses on
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replacement enzyme therapy for children with
enzyme deficiencies created by inborn errors of
metabolisn.

I also serve on one of the boards of
HBM Bioventures, which is a wvery dynamic
Swiss-hased, privately-held venture capital firm.
Its founder, Henri B. Meier, created the firm as he
retired from his legendary years as CFO of
Roche. T sometimes think of Henri as a sort of
Swiss enantiomorph of America’s Warren Buffet.
HBM Bioventures is blessed with a wizard CEO,
Dr. Andreas Wicki, who is here today.

AARDEX Ltd, based in Zug, Switzerland,
is of course my main focus. This
firm succeeded and eventually acquired APREX
Corporation, which 1 had co-founded with Ray
Williams back in 1985. I ran APREX for several

until we needed venture financing, and our
investors decided that the firm needed what they
called ‘professional management’. That they got,
but a succession of two professional managers
managed to bankrupt the firm in 1995, at which
point, Dr Jean-Michel Méwy and 1 co-founded
AMARDEX Ltd in Zug. Under Jean-Michel's
dynamic leadership, AARDEX has praspered, and
eventually purchased the remnants of APREX, so
that all the intellectual property in compliance
monitoring is in one place. Jean-Michel and our
partner in this activity, Pierre-Alain Gaillard are
both here today.

So my departure from Maastricht Univer-
sity is the end of several beginnings, which |
expect to continue to pursue as stamina and
health permit.

Thank you.
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