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Mr. President, ladies and gentlemen,

Phase-I-studies conducted in a formal way are not yet

old. The present state of affairs evolved partly by systematic
considerations, partly by chance and success. The legal re-
quirements in the different parts of the world are different
and have had their impact on the present way of conducting
clinical trials with a new drug for the first time in man.

The result of the various influences - scientific, clinical
industrigl, legal historical, chance influences - is a com-

promise, of which it is most likely, that it could be improved.

So I would like to take a fresh look on phase-I-studies from
the point of view of general methodology. The general system
approach has to my knowledge not yet been applied to this

area. Experimental design, statistical evaluation and data
management by computers are methodological parts of the general

system approach as applied to phase-I-studies.

I shall omit the legal regulations, which are different in

the different countries. I shall also omit the preclinical

and technical requirements and I shall not go to much into
details, since I think the simple and general considerations
are more important. You know the details of clinical trials
perhaps better than I do, so it is not necessary to mention
them. I shall describe the major parts of phase-I-studies

in a general and formal way, show some bottlenecks and problems
resulting from this description and make comments and proposals
for some problems. So I don't think, I can solve our problems,

but I hope to show some different points of view.



Description of phase-I-system.

Phase-I-trials can be described as the planned
and organized application of a new substance

or drug to man, for the first time and for the
first few human cases. What are the goals to be
achieved by such trials? The description and spe-
cification of the goals is the first step of our

analysis.

System of goals.

There is no single and simple goal for a phase-
I-system. There are at least 5 different groups

of persons or points of view with different goals:

The consumers want (slide 1):
- to get effective or better effective drugs.
- to get such drugs for the most frequent and
most important deseases and for as many other
illnesses as possible.
- to get such drugs as quick as possible
(for the living patients and for the future generations)
- to avoid undesirable side - effects.
Important points for consideration in respect to these
goals are the frequency of the deseases, the prognosis

of the deseases and the results of the present treatments.

The subjects have a different set of goals. They want

(slide 2):

- to get some benefit from the trial (better treatment,
money, other advantages)

- not to be impaired by the trial (discomfort and pain
during trial, possible drug effects, total time spent)

- not to loose basic rights (informed consent).



Some of the goals of the Pharma-Company are (slide 3):

- to prove tolerance and effectiveness.
- to fulfil the legal and scientific requirements
for phase II.

- to spent not too much money.

The Investigator (physician, clinical pharmacologist)

has as his goals . (slide 4):

- to find a new and effective drug, which helps better than
other drugs for a specified illness.

- to be successfull as a scientist and to gain reputation
within the scientific community.

- to earn some money for doing the job.

Finally the goals from a scientific point of view are (slide 5):
- prove tolerance

- show effectiveness (pharmacodynamic effects)

- establish dosis range

- monitor any toxic or side effects

- study pharmacocinetic effects

- study biovailability

The goals of the different participants in phase-I-trials
are not the same, they are even conflicting in some respect.
The goal of the consumer, to get effective new drugs as
guick as possible might be in conflict with the goal of

the subject not to be impaired or not to loose basic rights.
The goal of the company not to spent too much money might be
in conflict with the goal of the investigator to be success-
ful as a scientist, and so on. There is a rather complex

set of goals, the single goals should be achieved at least

partly or in various combinations during phase I.

The specific goals for every trial must be set clearly.
Part of the difficulties and the frustration with phase I
studies originates from the fact, that the goals are con-
flicting, not sufficient specified and the relative weights

are not set beforehand.

Now lets have a look at the individual trial as a system

in itself.



The individual trial as a system.

The relationship between subject and investigator is
described in the following slide (slide 6). Basically,
the investigator examines the subject, is taking
measurements of various kind, is applying physical

tests and is getting back some information. This

dynamic relationship is established before the appli-
cation of a new drug. After the application of the new
drug the difference or the change in symptoms and signs
or the change in measurements is the desired information
for the investigator. In case this information shows some
dangerous or toxic effects, the investigator is stopping

the drug application and is applying some therapy.

The relation between subject and investigator is a rather
complex one. Not only the set of measurements and obtainable
information has to be specified, including the exact time
course. The drug must be applied in proper dose and time

and the therapy for possible toxic effects has to be
available. The investigator has also to convince the sub-
ject that the danger is reasonable and that the benefit

of the trial will be larger than the possible hazards.

The relationship between investigator and subject can be
described in much more detail, the slide contains only
the basic structure of such a relationship. There is a
wide variety in specifying the 4 arrows of the picture:
in applying the new drug, in defining and performing

the necessary measurements, in getting the desired
information and in deciding, which therapy for possible

toxic effects should be held available or applied.



An individual phase-I-trial is usually not confined
to one patient. Several patients - one after the other
Oor in groups - are taken through the trial.

There are the following basic steps in conducting

a phase-I-trial (slide 7):

1. The goals of the trial must be defined. The
guestions here are:
a) What is the mix of the goals in this special trial?
b) Are the goals sufficiently specified?
2. The trial must be defined in all details.
The question here is: What is the optimal design
for the defined goals? Often the goals are changed
during the process of detailed design and definition
of the trial.
3. The trial is then conducted according to the design.
After every part - for instance after every patient
or group of patients - there is an evaluation of the
collected evidence. This intra - trial - evaluation
may lead to the next part of the trial or to the
stop of the trial in case of serious side effects.
The specification of the single parts of a trial,
and of the conditions which lead to the stop of a
trial is a major part of the definition phase. The
time between the consecutive parts might be too
short for a comprehensive evaluation and this intra-
trial-evaluation might be a week point in some trials.
4. Finally the trial is evaluated. Such a final evaluation
contains the results of the trial, especially the results
of the statistical tests and of statistical hypothesis
generating with respect to the goals and to the design.
In contains the conclusions for further trials and

some statements about the costs and the effectiveness.



Phase-I-trials: a dynamic system of consecutive

individual trials.

The trials of phase I cannot be seen each for itself.
They form a dynamic system of consecutive individual

trials, which is described in the following slide (slide 8).

After the decision to start with phase-I-trials,

there is the first trial, with the definition of goals,

the definition of the trial, the conduct of the trial

and the evaluation of the trial.

Then there follows the evaluation of accumulated evidence,

which encloses not only the evaluation of the trial as
such, but also the changes in the medical field, the
changes in the market or in the policy. This evaluation of
accumulated evidence may lead to the stop of phase I

or to the next phase-I-trial.

In the later case all steps of the second trial are
performed to the evaluation of accumulated evidence,
which can lead to one of three cases: the stop of the
phase-I-trials, the initiation of a next trial, or the
completion of phase I and the initiation of phase-II-

trials.

The behaviour of such a system depends mainly on the

specification of the stop-conditions, on the definition

of the conditions for phase-II-trials and on the conditions,
which must be met if a next trial should be started. These
conditions are not independent and must be clearly set.

In describing all these conditions - the description

might change from trial to trial - the system behaviour

is defined, for instance how many trials are conducted

or whether phase II is reached. If the stop conditions are
set wide, most phase-I-systems will be stopped. If they
are set narrow, the trials will be initiated again and
again, possibly ending in a phase-II-system. Stop condi-
tions are medical (for instance toxic side effects or

no efficacy), or non-medical (for instance time and money
spent, legal or marketing considerations). If the condi-

tions for starting phase II are set wide, one will soon



end in phase II and vice versa. Similar statements are true

for the conditions under which the next trial is started.

The evaluation of accumulated evidence after each indi-
vidual trial is a very decisive step in this process.

The conditions for the following decisions might be
changed at this point, the goals for the next individual
trial might be set and the performance of the trial might

be measured in some way.

So you have here a general flow-chart for phase-I-trials.
Phase I is a dynamic system of consecutive individual tyials.
During the course of phase I the goals and the stop- and

go -conditions are adapted and changed.

One of the major problems with such a system is the conse-
cutive mixing of goals for the individual trials. Usually
one starts with the tolerance and tries to prove the pharma-
codynamic effects. During later stages by increasing doses
the dosis range is established and pharmacocinetic
effects, (absorption, distribution,metabolism, excretion).
and bioavalability (half-life-time and elimination rate)

are of interest.

In the next slide (slide 9) the pricipal goals of phase-I-
studies are shown in typical mixtures during phase I.
The size of the colored area indicates the importance of

a specific goal for a specific trial.

Generally one couldgive all possible weights to the goals

and define the individual trials according to their goals.

It would be for instance possible to start from the very
beginning with the study of pharmacocinetics and/or bio-
availability. So far only Ia and Ib trials are differentiated
but the definition is not quite consistent in the literature.
The question remains, what is the optimal mix of goals for
each individual trial, which can be answered only after
evaluating the specific evidence. To some extent in most
trials every goal is investigated or information is gathered

for its later investigation.



The definition of types of phase-I-trials can
be further developed according to the spectrum
of the goals.

We now have a formal description of the phase-I-
system and its parts and can start with the con-
sideration of some problems and bottlenecks in-

herent in this system and we can try to develope

some proposals.



Some Problems, bottlenecks and proposals

Conflicting goals/medical balance sheet

The priority for the various gcals can be set in a
different way depending largly on the culture and the
feeling of the living population in the respective
time. In our time it seems to be appropriate to give
the goals of the patients and the goals of the subjects
the highest priority.

This would mean to weight the goals and the interests

of the patients versus the goals and the interests

of the subjects in some way. This is of course a highly
subjective area and measurement will not be easy. However
one could reach a rather general conclusion without
establishing all the details.

Imagine we coul establish a medical balance sheet for
phase - I - trials (slide 10). The risk for the subjects

could be measured in the number of life - months, which

are possibly impaired or even not lived, in case the
subjects dy. The benefit for the possibly treated patients
could be measured in the same unit, namely number of life -
months, which are lived in a better way or which are even
gained, in case treated patients live longer. So the unit
of measurement would not be dollars, but the individual
life - month gained or lost, impaired or improved. These
units of measurement could be summed up for all subjects

and all treated patients, which is indicated in the slide.

Since there is always a fixed number of subjects in phase I,
the possible risk will always be a constant. These parallel
lines might be higher or lower depending on the weight

one gives to the life - months ob subjects and on the
estimated probability, that there will be an impairment by
the trial. But the summed risk will always be independed
from the possible number of later treated patients and

therefore will be a straight line in this diagramm.



The summed benefit for treated patients in case the
new drug is effective will depend not only on the
weight one gives to the life - months of the patients
and the estimated probability of success, but also
on the number of treated patients. With increasing
number of patients the summed benefit - however it

is measured - will increase linear, if every patient
has the same weight. So for the possible benefit one
gets a series of straight lines with a certain slope,

starting at the origin of the system.

The lines for the summed benefit for patients and for
summed risk for subjects will have intersections. If
the number of treated patients increases beyond this
intersection point, the benefit is greater than the
risk. In case the probabilities and the weights are
equal for subjects and patients, one will have a gain,
if the same number of subjects is used in the trials. In
case the slope of these lines is not so steep, the
intersection point will be reached at higher numbers
of patients. There is one important result: how small
the gradient is, there must be always an intersection
point, when the number of treated patients goes to
infinity. This means that there will be always a gain,

if there are many patients.

What I wanted to show with this slide is, that one

could try to develope a medical balance sheet along
these lines for phase - I - trials, considering only

the interests of the patients and of the subjects and
considering not the profit or the scientific goals.

Like the social budget of a company or of a nation,
which have a increasing importance,such medical balance
sheets could become a serious argument in the decision
to start phase - I - trials. The weighting of the possible
risks for approximately 50 subjects against the possible
benefit of an effective treatment of patients for the
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next 20 years will be nearly always be in favour for

the trial, especially if one takes the number of patients
of future generations into account. I do not know what

the weights should be in the individual case, but I know
that the number of patients will increase in the next
hundred years immensely. So we are still in the beginning
of phase - I - trials in respect to the next hundred
years. Generally speaking there should be much more trials,
especially for frequent deseases with bad prognosis

- provided one weights the future patients in the same

way as the present subjects and one can convince the
subjects to participate in trials for the benefit of
future patients and generations - which could be developed

to a strong ethical argument in favour of clinical trials.

In every case one should set up the goals of a phase - I -
study initially as clear and as simple as possible, one
should always ask, whether the goals are the right ones,
and one should not try to solve allproblems with one

study .

Seperate control system

As shown on slide 8, the evaluation of evidence after
each individual trial during phase I will be a decisive
point for the system behaviour. From the point of system
analysis one should seperate this function from the
others. There should be an organisation for performing
the individual trials, defining the special goals,
defining the trial, conducting it and evaluating it.

But it would be wise to seperate the control system from
this organisation. The proposal is, to establish a
definite organisation and responsivility for the evaluation
of ecidence after each individual trial - which should
not be identical with the persons responsible for
performing the trials. The introduction of a seperate
control system for the whole phase I within a company

would increase the overall performance.



Tasks of this control system could be:

- formulating and readjusting the stop- and go-

conditions,
- evaluating the reports of individual trials,

- deciding on wether to proceed, to stop or to

start phase II.

How to structure phase I ?

The formalisation and the substructure of phase I could
be improved. I have the impression, that the complexity

of organisation and of structure varies considerably

from company to company. The distinction between I a

and I b trials might not be sufficient. Should there

be only two or three Phase - I - trials or about 8 - 12?2
One of the mayor problems is the question, how to
structure phase I reasonably in order to get better
performance. I do not know how this could be done, but

it seems to be a problem, which should be mentioned and
investigated. The degree of differentiation and complexity
gives an hint for the empirically proven knowledge in an
area. There is one optimal degree of complexity for a given
situation and this degree of complexity could be pushed a
a little further for phase I.

How to measure performance of phase I ?

This is to my knowledge an unsolved problem. One could
try to evaluate a single trial, all trials within a
definite phase I for a certain drug or a whole set @i
phase - I - systems. In case of the evaluation of a
certain phase I the following criteria are to be

considered:

- the total cost, the time spent and the number of

subjects on the one hand,

- the impairment of subjects, the effectiveness of
the new drug, the success on the market and the
number of treated patients on the other hand.
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How to combine such criteria remains an open question,

but one should try to establish some formal criteria.

Selection of wvariables

The selection of measurements defines, wether effects
of the drug can be percieved or not. In case only a
few variables are taken, there is no chance to detect
drug effects on not measured systems, as long as the
effect does not immediatly lead to a serious and

obvious effect, which can be clinically percieved.

From a general point of view it is necessary to take
the most sensible measurements and to try to check
all physiological systems. It is wise to observe

as many variables as possible when the substance is
first applied to man, in order to maximize the
gathered information with every subject. One must be
alert to detect the unexpected during phase I, so a
broad spectrum of variables should be sampled. This
goal has its limits in the subject, who is not willing
to tolerate all kinds of examinations. Examinations,
which are not dangerous and painful and which can be
performed easily should be used to a maximum extent
at sensible time intervals. The more you measure, the

more you might know and vice versa.

Intra - trial - Evaluation

The stop-conditions during an individual trial are
sometimes not explicitely specified and the time
between the treatment of a subject and the next
subject might be not sufficient to evaluate all
observations properly. The intra - trial - evaluation
could be specified more precisely and the gathered
information should be completely evaluated, before
the next subject is taken - especially in the initial
phases. Improvements in this respect could enhance a

week part in the present system.



Therapy in case of toxic effects

It seems to be rather seldom that toxic or dangerous
side effects are percieved during phase I. However,

in case of such effects an intensive care unit should
be available. In preparing for such therapy there

could be definite improvements, either by the specifi-
cation of possible toxic effects, or by using special
units as back-up, or by research in this area. In view
of the fact, that such cases are rather seldom, one
could question, wether extensive precaution is reasonable.
But one could also argue, that this is not a question
of money. The balance has to be found in every trial

and general recomendations are missing. Providing the
appropriate therapy in case of toxic or dangerous side
effects could be one bottleneck for further development.

Experimental Design

There is no specific theory available for experimental
design during phase I. The design methods for phase II
and III are used mor or less sensible. Since there are
only a few subjects in phase - I - trials, these designs
are not the optimal ones. I shall give two examples

of experimental design, which seem to me useful for
phase I. I then shall mention some problems, which could

be further investigated.

Design for a single subject

When a drug is first applied to man, it is necessary to
use some experimental design in this single subject. The
situation of applying a drug for the first time in man

is so unigue, that it is necessary to develope design
models fittting to this situation, even if the design

of experients requires more than one experimental unit,
requires random allocation of treatments to experimental
units or some form of replication, which are not feasable

in this situation.



Even if the usual instruments for experimental design
are not applicable, there are some points of view,

which allow a design for the first single subject.

If we have only one single subject, we can generalize
not to the population of all possible subjects, but we
can generalize to the population of all replications
of the trial with this one subject. Our inferences

are then restricted to this single subject, but they
can be drawn using known statistical tests.

The control for the drug effect is the state before
applying the drug. If we measure a variable on one
subject before and after application of a single dose,
we have the difference between the state before the
drug and after the drug, but we have not yet a variance,
with which this difference can be compared in order to
make a statement, wether the difference is significant

at a certain level of probability.

The only way to get such a variance is to repeat
measurements before and after the drug application.

This repetition of measurements is a powerful instrument
for the design with a single subject, nearly the only
instrument we have. Unfortunately it is not often used.
In the simplest case we have the following situation

(slide 11):
A number of measurements are taken before and after the drug.

The number of measurements need not to be equal before
and after the treatment, but we assume this here for
simplicity. If we apply an analysis of variance model I
to this situation, we can calculate the usual table

for analysis of variance, as shown on the slide.

If the F - test is significant, this means that the
difference between the measurements before and after
treatment is larger than the variation between the

replications. If for instance we measure the blood



pressure ten times before and ten times after the
treatment and the test is significant, this would

mean that we have observed a change in blood pressure
which is larger then our measuring error. We are not
sure in this case, that the difference can be attributed
to the drug. We are only sure - at the specified level
of significance - that the observed difference is larger
than our measuring error, so we can maintain, that

we have observed a measurable difference. It remains

a matter of judgement, wether we attribute this to

the drug. Such a conclusion is better than nothing and
can be obtained with a single subject. If the difference
is not significant, we can only say, that the observed
difference is of the same size order as our measuring

error and an effect cannot be empirically shown.

Usually statisticiamswould not allow to apply analysis

of variance to a single subject. The repeated measurements
are correlated, there is no chance mechanism to allocate
treatments, and the population for generalisation is a
theoretical one. However, this is the only way I know to
apply known statistical techniques to a single subject.
One has to redefine the assumptions: The difference
between the measurements before and after treatment is
assumed to be a fixed constant, the measurement - errors
€4+ are assumed to be distributed normally with mean zero
and variance o¢?,and we have the well known model xifaﬁmi+ei

y
where p is the average value of the variable for this ’
subject and ny is the treatment effect. I cannot see why
this model should not be applied. If the test is significant,
we can say that for this subject there is a measurable

difference between before and after drug application.

By the same argument it is possible to use other and more
refined analysis of variance models for a single subject,
for instance using several measuring points in time (with
orthogonal contrasts), using two error terms (for taking

samples and for technical error), or using covariables



or even MANOVA models. The inferences drawn are restricted
to the single subject, however there are inferences
possible, which is certainly better tan nothing. The
replication of measurements on certain points in time
allows us with a single subject to use analysis of

variance models.

Latin squares

If we have only a few subjects - more than one and less
than 5 or 10 - which is very often the case with

phase - I - studies, the so - called Latin square is an
appropriate design. Take for instance 3 subjects A,B,C
(slide 12) every one observed on 3 days I, II, III with
three different dose levels 0O, 1, 2. The doses are
arranged in such a way, that there is every dose in every
row and every column only once. The 3 factors: subjects,
days and doses are made orthogonal by this design. It is
reasonable to assume, that there are no interactions
between days, subjects and doses. An analysis of variance
table can be calculated in the usual way, as indicated

on the slide.

The restriction for these Latin square is, that the
numer of doses, the number of subjects and the number of
days must be equal, which can be usually achieved. This

is a standard design for Phase - I - trials.

Problems for further development

There is no general solution for increasing dose levels

during phase I. If the estimated proper dose for the

first application in man is 1, one could in a Latin square
take the dose levels O, 1/2, 1 and 2 which would require

4 subjects. If there is no effect, one might double the
already used dose. But this rises the problem, that one
might miss the therapeutic dosis range and find oneself with on

step in the toxic area. If there is no effect, one should



not always double the dose for the next trial. This
depends on individual judgement. The strategy for
increasing dose levels should be further investigated.
Presently it is mainly decided by individual experience

of the investigator.

It is possible to combine the Latin square design with

the idea of replication of measurements for the single
case. (slide 13). We have in this example 3 subjects on

3 days with 3 doses. On each of the occasions we measure
before and after drug application and repeat the
measurements 4 times. So we have 3x3x3x2x4=216 observations.
The simplest way of analysis is then to use each dosis
seperately, to perform an analysis of variance and to test,
wether there is a treatment effect. With dosis O there
should be no effect. There are other models for analysis
of such a data set, which can be omitted here. The
combination of Latin square with repeated measurements
before and after application of different drug doses seems
to open an new and appropriate way for experimental design
for phase - I - studies. This way should be developed

further.

Even if there is today no adaquate and systematic treatment
of the possibilities for experimental design in phase - I -
studies available - at least to my knowledge - there are
some designs known, which can be applied to a single subject
or to very few subjects. Further research in this area

would be of vital importance.

Statistical evaluation

The statistical tests should be applied in connection with

the experimental design in the appropriate way. However,
the test, wether there is a significant treatment effect
or not, is not the only way of statistical evaluation. The
statistical tests play not the same role in phase - I -
studies as they do in phase = II and - III - studies for

several reasons: The statistical model is confined
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to one or a few subjects, so the test means something
different. We can test only one or very few hypotheses
with a definite data set and the hypotheses have to be
formulated before the design of the experiment. In
phase~ I -studies we are much more obliged to watch the
unexpected, so we cannot formulate all hypotheses
beforehand and test them in the same trial. There must

be hypotheses generation with the collected data to a

maximum degree. So the methods of statistical hypotheses
generation should be applied more extensively to

phase - I - trials. One should describe the material

as extensiveley as possible and observe every remarcable
effect. One can for instance estimate the drug effects

and give tolerance limits under definite side conditions

in every subgroup of the collected data. One can use
factor analysis of the differences between before and

after drug application to derive hypotheses for the pattern
of change induced by a certain drug. One could apply MANOVA
design or other complicated models. The statistical
squeezing out of the material seems to me to be allowed

in the situation of phase - I - trials, provided it is

well seperated from the statistical tests and is described

as such.

Interactive computer applications for phase - I - studies

There is not enough space to develope the possibilities
of computers for phase - I - studies in detail. But I
could try to give some ideas for what purposes software

systems could be developed.

Interactive statistical evaluation

The time between taking the measurement and getting the
result in phase - I - studies could be considerably
shortened by using computer systems in an interactive way.
The data could be put into a computer by a terminal in

the moment, they are generated. The system could display



the collected information, do any calculations, and

give warning hints. To develope such a system one

must specify the requirements for the statistical
calculations, for the input and output. Especially

for hypotheses generation such a dialog system could

be a valuable instrument. One could incorporate simulations
and put into the system estimates of variance from other
trials. We have developed an interactive statistical
evaluation system for the analysis of medical mass data,
called SAVOD, and the experience with such a system is
encouraging. A similar system could be developed for the
special problems of interactive statistical evaluation
for phase - I - studies. This could improve the results

of phase - I - trials.

Control - and guidence system

A different application would be, to support the control
of phase I by an interactive computer dialog. As shown
earlier, the control of a phase I should have its own
organisation. The formulating and the readjusting of

the stop- and go-conditions could be improved, if a model
for phase I is implemented according to the lines shown
above (slide 8). The results of different stop- and
go-conditions could then be simulated, which would give
further information for the guidance of phase I. It
remains open, wether such a system would be worthwhile.
This depends mainly on the specification and on the

requirements for such a system.

Simulation and model building

Since phase I puts heavy weight on hypotheses generation,
one could try to develope a system for improving this

task. The requirements for simulation and model building
could be laid down. It is for instance concievable, to
simulate a small subsystem of the human body and to
simulate also the drug effect on this system with a
computer programm. Possible outcomes of further experiments

could be predicted by such models and the predictions



tested in real experiments. An ultimate goal would be

a detailed simulation of the main physiologic subsystems
of a subject participating in a phase I trial, doing
this simulation with the individual parameters of this
subject and in time, predicting the future behaviour

of details of the human subsystems while observing

the real behaviour. Such an on-line simulation of a
subject during a phase - I - trial could increase the
safety by showing dangerous effects earlier and could
reduce the number of subjects necessary for phase I.

The decreasing costs for computers and new technical and
theoretical developments might make such applications

possible.

Ladies and gentlemen,

The number of phase - I - studies will always be limited
for obvious reasons. It is essential not to waste human
and economic ressources. In the long run intuition and
individual experience are not the only guidelines for

effective phase - I - trials.

Nature works by reduncancy and by chance. This is also
true for the fascinating process of developing new drugs,
a process which is still in an very early phase of
development. The sheer number of possible substances with
some good effect together with the demand for new and

effective treatment leads to ever new drugs.

We do not yet have a science in the strict sense to support
these developments. We are collecting data, by trial and
error, with individual experience and guidelines, like

performing an art in conducting phase - I - trials.

Tomorrow there might be much more of a science in this
field. At least a system theory for the development of

a new drug, which deserves such a name, might be the goal.
Some instruments are available today and this symposium

might contribute to such a development.



