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Sammanfattning

Denna rapport är resultatet av ett 20 poängs examensarbete på
civilingenjörsprogrammet molekylär bioteknik vid Uppsala universitet. Projektet är
utfört på uppdrag av IT-konsultföretaget Adera i Stockholm.

Läkemedelsindustrin förväntas inom de närmaste åren ställas inför nya utmaningar
och problem gällande ökande utvecklingskostnader för läkemendel, högre konkurrens
på marknaden samt lägre marginaler. Det förväntas bli ännu viktigare än idag att vara
först ut på marknaden med ett nytt läkemedel.

Målet med projektet har varit att undersöka om och i så fall hur nya tekniker såsom
Internet och mobilt Internet kan effektivisera den kliniska prövningsverksamheten
inom företagen och på sätt bidra till, och skapa möjligheter för, att få ut läkemedel
snabbare på marknaden.

Slutsatserna visar att ett mobilt system för att digitalt samla in och bearbeta
information under prövningarna har potential att eliminera tidsödande och
kostnadskrävande problem som uppstår pga dåliga handstilar, felaktigt införda
värden, prövningsledarnas resande samt all transport av dokument mellan sjukhus och
läkemedelsföretag. Utifrån ett mobilt digitalt system där all data lagras on-line i en
central databas finns det även möjligheter att skapa en rad sidoprodukter såsom  t ex
rekryteringssystem och knowledge management system.

Ett mobilt system där patienter och läkare använder uppkopplade, penbaserade
handdatorer med bakgrundsbelyst skärm i färg presenteras. Systemet består av
handdatorerna, en pollande server och en webbplats där prövningsledare och läkare
har ständig tillgång till information om hur studien fortlöper.

I en tid när mobilt Internet diskuteras livligt i media är lösningen som presenteras
intressant på flera sätt. För det första  är lösningen ett exempel på en verkligt
behovsdriven produkt där mobilt Internet används. För det andra så är systemet inte
en tjänst som bara presenterar information såsom de flesta av dagens mobila
Internettjänster gör. Istället är lösningen ett verkligt arbetsredskap som även låter
användaren registrera information i terminalen.
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Abstract

This report is the result of a Master of Science Degree Project, in Molecular
Biotechnology Engineering, at Uppsala University. The project was performed at the
request of the IT advertising agency Adera in Stockholm, Sweden.

The pharmaceutical industry is likely to be facing a new environment within the
coming few years due to increasing development costs for pharmaceuticals, higher
competition between players and lower margins. It is highly important, in this new
climate, to be the first one to present a new drug to the market.

The purpose of this master of science degree project has been to investigate if and
how new technologies, such as the Internet and mobile Internet can be used in order to
streamline the clinical trial process and by this contribute to a faster time to market for
new pharmaceuticals.

The conclusions are that a mobile solution for electronic data capture during the
clinical trial conduct is able to streamline the whole process by eliminating problems
coming from missing entries, poor handwriting, query processing, time consuming
monitor travelling and document transportation. Additionally, a range of side-
products such as recruitment systems and knowledge management systems will come
from having all data collected and stored electronically in a central database.

A mobile system where patients and investigators are using connected, pen-based
handheld computers with back-lit display in color is presented. The solution consists
of handheld computers, a polling server and a webpage where monitors and
investigators can reach the on-line registered data that presents information about the
trial conduct.

At times when the mobile Internet is frequently debated in media the solution is
interesting from different points of view. First of all, it show proof of a truly demand
driven solution where mobile Internet is used. Secondly, the system is not just a data
output service as most of the contemporary mobile Internet services are; instead the
solution is a veritable industrial tool that will allow the user to put data into the
machine.
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1 Assignment

1.1 Introduction

The pharmaceutical industry has during the last decade experienced large sale
volumes, high margins, proportionately low competition and has because of this been
able to show great annual results. Consulting firms all over the world do, however,
seem to agree and predict this to change dramatically within the coming years. The
industry will within the next few years be facing new problems due to increasing
development costs, higher competition and lower margins. It is highly important, in
this new climate, to be the first one to present a new drug. The clinical development
represents a large part of the overall time consumed in the development of new drugs
and therefor cutting the time here is highly desirable. The efficiency in the different
stages of the development process has to be better. The clinical trial process stands for
1/3th of the overall time consumed in the clinical development process. In the clinical
trial processes the problems related to data capture, data processing and data analysis
are enormous. The pharmaceutical industry, despite being part of a digitalized society,
still uses paper-based forms and handling in their clinical trials. In this Master of
Science Degree Project possibilities for new technological solutions, such as the
Internet and mobile Internet related systems, to overcome these current problems have
been investigated.

1.2 Adera and the request

Adera is an IT advertising agency with around 600 employees in seven European
countries. Adera’s business concept is formulated as follow:

”Adera is a consulting company creating client value by integrating leading-edge
competencies in three areas: Management, IT/Internet and
Marketing/Communications.

Adera’s focus is on providing complete e-business solutions, i.e. support client top
management to develop their strategy for e-business and to improve internal
processes, built and continuously improve advanced e-business technology
solutions and support clients to reposition and develop a brand name targeted to
the new business logic.”

Adera’s client list includes a large number of pharmaceutical/health care related
companies such as AstraZeneca, MSD, Eli Lilly, Pharmacia Corporation, SmithKline
Beecham, Pfizer, Roche, LocusMedicus and NeuroNova. In the department of mobile
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business within Adera´s center of excellence a few mobile solutions have been
developed. For example FieldWise, a knowledge management system for journalists
in the field, MobiGolf, a booking system for golfers and another mobile booking
system for clients of Scandic Hotels. This project was of interest for Adera since the
company operates in all the three fields, mobile solutions, pharmaceutical industry
solutions and e-business solutions. Supervisors have been Per-Ove Johansson,
responsible for the mobile Internet excellence center in Stockholm and Gunilla
Orrebrink, responsible for the industry center health care.  Discussions have also been
carried out with Darek Ericsson who is working with e-business strategy solutions in
the Adera e-business strategy team.

At first, the request from Adera consisted of investigation of general attitudes and
how far different players had come in the development of systems and strategies
concerning the use of the Internet and mobile terminals in clinical trials. The
questions asked by Adera in this phase were basically what can be done, what have
already been done and what is the most important aspect to focus on now. At this
point the work consisted of screening through reports, papers, webpages et cetera in
combination with the information given in interviews with persons working in the
field.

In this phase everything, technical solutions, ideological planning and tests that had
been carried out at different companies in different stages, was of interest. If the first
screening suggested that the demand of a digital system for data capture in clinical
trials was high a second assignment would be requested by Adera. That request would
consist of presenting a strategy and a solution of how such a system should look like
in order to satisfy the demands and have the ability to be incorporated in the overall
workflow within the companies in the best manner. After a few weeks of
comprehensive interviews the hypothesis was formed that mobile computer
communication and mobile terminals really could be of big help in solving the
problems that the industry is facing.

The hypothesis and the request from Adera eventually founded the aim of this report
that is, on the one hand, to present material that can form a basis of an e-business
strategy based on the use of the Internet and mobile terminals in clinical trials for the
pharmaceutical industry. On the other hand, to present a mobile solution for electronic
data capture in clinical trials that can be used as specification of requirements in the
development process of such a system.
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1.3 Method

The solution that has been developed is to be presented in a somewhat new
environment with the use of technology that have not been used so far. Getting an
understanding of the market, the environment, the actors and the workflow have on
account of this been considered as very important steps towards a successful
presentation of a solution.

The work process has because of this mainly been focused on the reading of reports,
papers and the interviewing of people working in the field. The interviewed  people
include clinical trial monitors, investigators and management consultants. Important
contacts in clinical research organisations and device companies have been Henrik
Linder, Clinitrac, Sverre Bengtsson, Clinical Data Care and Johan Bondestam,
LifeChart. Important interviews with people in pharmaceutical companies include
Marianne Hedström, AstraZeneca, Mats Thoring, Eli-Lilly and Ingela Jahle, Schering
Plough. Additionally, Karl-Johan Rydgård from Ronden, Läkarnätet has been
important in order to reach information about the health care sector.

To attend seminars and symposiums as well as conferences and fairs have been
considered important. A lot of companies, such as pharmaceutical producers,
biotechnology companies, infrastructure and network companies, producers of
intelligent home related products, and companies working with clinical trials, have
been contacted.  Hardware and software, such as software applications produced for
handheld computers in other working areas, have been investigated. A sponsored
PalmPilot from Palm Computing has enabled a thorough understanding about the
hardware possibilities through out the project.

It was assumed at an early point, that in order to enable a successful solution,
simplicity and user-friendliness had to be taken into consideration. Literature
concerning human-computer-interaction was screened in order to present a solution
that had considered the analysis of needs, the analysis of usability and the techniques
for construction of prototypes.

The report outline considers theories concerning innovation processes and product
development. An innovation process consists of several steps, namely the generation
of ideas, the development of concepts, the definition of the market, the research and
development, the manufacturing/production and at last the commercialization. The
idea in this report is to deliver a basis for the first two steps, generation of ideas and
development of concepts as well as part of the third step, definition of the market.
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The solution is described by using the method Souder and Sherman suggest in the
book “Managing new technology development”.1 The movement towards the
development of a new product could be either technology driven or customer driven.
Ideas that arise from the customer side are said to be pulled and characterized by the
need of the new product while ideas arising from the technology side are said to be
pushed and characterized by the possibility to develop the new product. The
functionality of the product is placed in the middle of these two. On the one hand the
use of a mobile system in clinical trials can be stated as technology driven because it
is the recent development in the telecom industry that pushes the development of the
solutions. On the other hand the mobile solution for clinical trials can be stated as
truly customer driven since it is the great need for a new process that eventually has
pulled the development of the solution. However, the functionality is the most
important part in creating a successful solution. These theories have resulted in an
outline of this report where the solution is described from a customer (The need for a
new solution), a functionality (The functionality of the new solution) and a
technological (The technology) point of view.

1.4 Document overview

Figure 1. Document overview

In the first chapter, “The clinical trial process”, the different steps involved in a
clinical trial is described. The description of the trial conduct, data and information
processing and management does give additional background to the problem.

                                                
1 Souder W M E, Sherman J D. Managing new technology development, McGraw-Hill Inc, 1994
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In the situation overview special features, important to consider when presenting a
new technological solution in the pharmaceutical industry and the healthcare sector
are discussed.

The chapter, “The introduction of new technologies”, gives a comprehensive picture
of how e-business technology and e-business strategy can be used in order to
streamline  overall processes and workflow in the sectors. Since streamlining the
clinical trial process is one of the most important steps towards adoption to the new
pharmaceutical environment the chapter mainly deals with this process.

The following three chapters present a new mobile solution to be used in clinical
trials. The first chapter in this part, “The need for a new solution”, presents problems
coming from the current situation and the needs involved in these problems. The
second chapter, “The functionality of the new solution”, presents the new solution as
well as discusses, describes and proves that incorporation of a mobile solution is the
best way to combat the current problems. This chapter also presents future
possibilities coming from incorporation of the truly electronic mobile system. The
third chapter describes the technical requirements for a successful development of
such a system.

In the conclusions the overall situation, challenges and solutions that have come up in
the report is presented as well as the more specific results involved with the mobile
system.
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2 The clinical trial process

A clinical trial is a carefully designed, supervised study on a group of volunteers,
carried out in order to test for, or optimize, the safety and effectiveness of a
medication, medical treatment or device. Each study has to be approved by an ethical
committee prior to be started. Short term safety, long term safety, dosage, side effects
and adverse events are some of the various features evaluated. Each study aims to
answer specific scientific questions and to find new and better ways to prevent, detect,
or treat the disease or condition. For any given disease, a clinical trial may either
establish the first effective treatment, establish a more effective treatment, establish a
better tolerated treatment or find a new use for a currently available treatment.

Preclinical animal testing
Prior to the start of human testing, animal testing is performed to determine whether
the drug is toxic or has extreme side effects. This first part of the testing also involves
measurements of interaction between the drug and the body such as how quickly the
drug is absorbed into the bloodstream.

The clinical period
When the result from the animal testing is approved by the regulatory authorities the
time has come to start the testing on humans. It is, in fact, this period in the drug
development that is referred to as the clinical period. The clinical testing of
experimental drugs is normally done in three phases. These are called phase I, phase
II and phase III studies. There is also a fourth phase, the post-marketing phase
performed after the approval of the drug in order to show for example differences
between different treatments.

Comparative and blinded studies
A large part of the clinical studies consists of comparative studies. In these kind of
studies one group of patients receives the investigational treatment, while a similar
control group receives either traditional treatment or a placebo. A placebo is an
inactive pill, injection, or infusion which appears to be identical to the investigational
treatment. To avoid biased results, the trials are often carried out as "double-blind", in
which neither the patient nor the investigator know who is receiving the
investigational treatment and who is receiving the placebo. This secret is not revealed
until the end of the trial when the database containing all the captured data is locked
and the code is broken.
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Phase I
The phase I studies involve only a small number of healthy volunteers, usually 20-
100. Though the main purpose is to evaluate safety the phase I studies also evaluate
how the drug is distributed, metabolized, absorbed, and excreted in the human body.
Side effects of the drug are carefully assessed especially when dosage levels are
increased. This initial phase of testing usually takes several months. About 70% of the
drugs pass phase I.

Phase II
The phase II studies involve a larger number of people, often as many as several
hundreds. These people are, in contrary to the ones in phase I, generally patients
suffering from a specific disease. The main purpose in phase II is to evaluate short
time safety and effectiveness. The testing may last from several months to about two
years. Since these studies usually are comparative they are randomized and blinded so
that neither the patients nor the investigators know who is getting the new drug and
who is getting a standard treatment until the study is completed. About 33% of the
drugs successfully complete both phase I and phase II.

Phase III
In phase III the testing is expanded to include from several hundreds to several
thousands of patients and the phase of testing normally lasts for 1-4 years. Hopefully
the results will provide the researchers with a thorough understanding of the new
drug's effectiveness, its benefits, and the range of possible side effects. One of the
main purposes is to evaluate dosage. Phase III studies are, like Phase II studies,
usually randomized and blinded. Between 25-30% of the drugs successfully complete
all the three phases.
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Number ofNumber ofNumber ofNumber of
patientspatientspatientspatients

TimeTimeTimeTime
consumedconsumedconsumedconsumed

Main purposeMain purposeMain purposeMain purpose Percentage ofPercentage ofPercentage ofPercentage of
successfullysuccessfullysuccessfullysuccessfully
tested drugstested drugstested drugstested drugs

Phase IPhase IPhase IPhase I 20-100 Several
months

Safety 70 %

Phase IIPhase IIPhase IIPhase II Up to several
hundred

Several
months up to
two years

Effectiveness
and short
term safety

33 %

Phase IIIPhase IIIPhase IIIPhase III Up to several
thousand

1-4 years Dosage, long
term safety,
effectiveness

25-30 %

Figure 2.  Clinical trial phases and features

Source FDA

Phase IV
If adequate benefit and safety are shown after the third phase the pharmaceutical
company will request authority approval to market the drug. After receiving the
approval and putting the drug on the market the company often conduct the phase IV
studies. The main purpose of these studies is usually to compare the cost-effectiveness
of the new drug to traditional treatments.

The trial process
Each of these individual trial phases contains a large number of steps including trial
design and planning, investigator site and patient recruitment, trial conduct, data
collection, handling and analysis and finally report writing to be handed in for the
regulatory authorities. Figure 3 shows the different steps and the average time
consumed in each step.
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Figure 3. The clinical trial process; steps and time consumed in each step.
Source: AstraZeneca, Clinitrac and Clinical Data Care.

Design, planning and the protocol
The first step, the trial design and planning, involves the set-up of the trial protocol.
This is a document which contains a description of the study's goals, how the new
drug will be taken, who will be included in the study, what medical tests will be done,
and what data will be collected. Each research site participating in the study will use
the same protocol to help make sure that the information collected from all the
investigator sites can be combined and compared.

The clinical data collection and the clinical data management
The data collection process starts when the first patient visits the clinic. During the
trial process each of the patients return to the clinic several times for follow up
measurements and evaluations. The data collection in the clinic consists of the
investigator entering patient information into a medical record. When the patient has
left the clinic the patient data is transcribed from the medical record onto a paper case
report form (CRF). This is done either by the investigator or by some clinical research
co-ordinator. In some trials, especially the ones in phase III and IV, the patient too,
registers the data at home in a diary that he or she brings to the clinic at each visit.

Trial conduct
The time consumed to conduct the trial varies depending on phase, type of study e. g.
what therapeutic area the illness or condition that will be investigated belongs to and
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whether long-term or short-term factors are to be investigated. In fact the time can
vary between a few months up to several years. Trial monitoring can, of course, differ
depending on how many sites, investigators and patients that are enrolled and whether
the trial is national or international. When the patients are getting their treatment, the
patient data is collected by the investigators. The trial monitors are monitoring the
trial by collecting the information from the trial sites and supervising that the study
runs as it should. The work of the monitor consists of travelling to sites and collecting
a large amount of data usually in paper-forms.

The data in the CRF and in the patient diaries is then again transcribed into the
company’s database by clinical research associates from the pharmaceutical company.
This is the start of the clinical data management period. The entry of the data is
followed by reviewing the information and in the case of questionable or missing
entries query forms are sent to the investigator. This query handling tends to be time
consuming since a lot of mistakes often is found. The process continues until the
reviewers are satisfied and the database is accurate and complete. At this stage it is
time to lock the database, the code is broken, and it is finally revealed who was
treated with placebo and who was not.

Statistical analysis
Having the database locked and the code broken the statistical analysis can begin.

Report writing
In order to get the drug approved a dossier containing the results is written for the
regulatory authorities. The dossier can be finalized when the statistical analysis is
completed.

The solution presented in this report is developed in order to streamline the data
processing during the trial conduct, data collection and management. The overall
problem is that  the investigator and the patients today use paper-based forms to fill in
the information. During the trial, the monitor has to collect all these forms and the
information has to be manually transferred, keyed or scanned, into a central computer.
Professional keying-in personnel is hired to handle the enormous amount of data that
is collected in each trial. There are a lot of problems surrounding the current paper-
based process. It is time consuming, additional personnel has to be hired and there are
a lot of missing entries resulting in labor query handling. Additionally, possibilities
with knowledge management systems and patient recruitment systems cannot be
taken care of using the current paper-based process. There are almost no
computerized systems on the market today concerning the data collection and
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management during the trial conduct. The competitive environment in the industry
and the rising development cost for new drugs create a  huge demand for a smart user-
friendly computerized system for data  collection and management.
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3 Situation overview

The clinical trial process is carried out by both the pharmaceutical industry and the
healthcare sector. It is the pharmaceutical industry that finance, designs, plans,
performs the statistics, evaluates the results and  writes the dossier to the authorities
for approval. Nevertheless it is the healthcare sector that actually performs the studies
and that deliver the results concerning the quality, the characteristics and the capacity
of the new treatment. On account of this the clinical trial process and workflow is
highly affected by the characteristics of both these players.

Presenting a technical solution in these two sectors has proved to be quite different
from presenting a technical solution in several other businesses although they might
have similar requirements in the data and information handling process. The
pharmaceutical industry involves large multinational global companies with huge
organizations and rather hierarchical structures. Usually the decision making
concerning for example purchase of technological systems is carried out at the head
office which is often situated in the US. The industry has often been characterized as
being conservative and a bit difficult to maneuver. This is one reason why it usually
takes a long time for the organizations to adopt to and incorporate new technological
solutions in the overall business. The healthcare sector has somewhat got the same
characteristics, that is in terms of being hard to maneuver and being conservative.
Additionally, it is important  to note that the healthcare sector cannot be considered an
uniform sector since workflow, processes and the use of technological support
systems differ a lot between hospitals, clinics and primary care providers. Most
importantly, however, is the human consideration within the sector. Effort is made to
always place the human in the center which is why technology progress often is set
aside. Integrity, security and user-friendliness is more important here than in any other
businesses.

Added to the overall characteristics of the sectors, considerable changes have recently
been seen in both. The pharmaceutical industry and the healthcare sector are in a
position where costs have to be cut. The pharmaceutical industry is facing new
demands rising from the fact that there is much more competition nowadays than
before. The margins are not as high as they have been in the last decade. In order to
remain as the market leader more and better drugs have to be developed by using a
limited amount of money and time. The handling of data and information has to be
enhanced, and in order to succeed the processes have to be streamlined and the use of
new technologies has to be optimized. The same changes are seen in the healthcare
sector. Medicines and treatments become more expensive and the personnel
experience increasing work-load. The large amount of information and data handling
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is forcing the personnel to become information-workers instead of healthcare-
workers, resulting in less time for the patients.

To successfully present a technical solution for streamlining the clinical trial process
one first has to consider the overall characteristics of the sectors and secondly, the
changes going on in both. The solution has to satisfy all demands without changing
the overall workflow too much. This chapter discusses and illustrates the present
situation and the ongoing changes in both industries. Given these inputs it is easier to
understand the changes that have to be performed in the clinical trial process.

3.1 The pharmaceutical industry in change

The pharmaceutical industry has during the last decade experienced large sale
volumes, high margins, relatively low competition and the industry has because of
this been able to show great annual results. Consulting firms and the industry itself all
over the world do however seem to agree and predict this to change dramatically
within the coming years. The pharmaceutical industry is likely to be confronted with a
totally new environment. Some of the currently besetting problems that the
pharmaceutical companies are confronting are:

� They experience increasing competition
� More drugs have to be developed to remain market leader
� New drugs are likely to be only scantily exceeding the old ones

The pharmaceutical industry is without any doubt confronted with rising costs and a
slowdown in sales. The future market is characterized by a dramatic increase in
competition. Since the number of actors tend to increase, especially due to the
explosive increase in the number of biotechnology start-ups, the companies will have
to prove smaller and smaller differences between drugs. In order to solve the
problems the different actors must decrease development costs, trigger sales growth,
improve their productivity and last but not least, they have to shorten product
lifecycles. The industry must learn to create more and affordable new drugs in order
to be successful. According to specialists the only way to achieve this is if the
industry totally transforms the way in which it performs research and development.

The genome project
One of the most recent and exciting events for the pharmaceutical industry was the
joint announcement by Celera and the Human Genome Project that they had
completed a first draft of the human genome. The impact on drug discovery, the
treatment of illness and indeed the maintenance of wellness will be profound.
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James D Ackerman believes that the scientific revolution being led by genomics and
proteomics will eventually generate a stream of drugs candidates that will crowd the
clinical development stage.2 The amount of drugs in the development pipeline is
already today increasing. Between 1997 and 1999 the number of drugs worldwide has
grown from 6300 to 7100.3 This escalation in the number of drugs will put a serious
strain on the clinical development system and it can be stated that the new
development of genomics and proteomics may act as a catalyst to prompt the
pharmaceutical industry to streamline its clinical development process.

R&D, biotechnology firms and marketing machines
The completed genome project is also likely to cause a change of what the larger
pharmaceutical companies are actually doing. This change includes the R&D being
taken over by smaller companies. This development is likely to continue rising, as
industry leaders forge further links with biotechnology companies that is using the
new genome discovery for their products.

The new environment is likely to change the balance of power between the big
pharmaceutical companies and the rest of the healthcare chain. While research and
development of new drugs is taken over by smaller biotech companies the big
pharmaceutical companies are slowly transforming towards huge marketing
machines. These marketing machines have an impressive amount of resources at their
disposal. Usually the larger pharmaceutical companies take over the development in
the last phases of clinical trials and then after the approval they are the ones selling
the product.

Strategic alliances
Recently we have seen an increase in the number of strategic alliances within the
industry. The danger that it will be starved of a crucial resource is one of several
factors driving the industry into these external collaborations. Specialization and
smart outsourcing of the non strategic activities is said to be one way to overcome the
rising development costs.4 The alliances often involves big pharmaceutical companies
and some smaller biotechnology companies doing research or tasks on request. Over
the past decade the number of strategic alliances has more than doubled, from 248 to
635 per annum.5 This outscourcing activity can also be seen in other areas. Clinical

                                                
2 Ackerman, James D & Simon, John P. e-Pharma: Accelerating Clinical Trials and Enhancing
Details,  Industry Analysis, Friedman, Billing, Ramesey & Co., Inc. August 2000
3 Ackerman, James D & Simon, John P. e-Pharma: Accelerating Clinical Trials and Enhancing
Details,  Industry Analysis, Friedman, Billing, Ramesey & Co., Inc. August 2000
4 Focus meeting, Clinitrac, Infra City Stockholm, 2000-11-29
5 Pharma 2005 - An Industrial Revolution in R&D , PrizewaterhouseCoopers, 1998



E-business in the pharmaceutical industry –                                                            Situation overview
Presentation of a solution, based on mobile Internet,
for electronic data capture in clinical trials

15

trials is one of them, where the big pharmaceutical companies are hiring clinical
research organizations, site management organizations and health maintenance
organizations for the contracting of clinical trials. Many clinical research
organizations, like for example Quintiles, already have better access to patients than
the companies which employ them. This phenomenon is likely to increase, as they
expand the offered range of services, built on the close relationships created with
other actors in the business.6

Personalized medicine
Personalized medicine with drugs tailored to an individual’s genetic makeup will
become a reality within the next ten years. The development arises from
pharmacogenomics, the study of genetic variations between individuals and how they
influence the way in which people respond to a particular drug. Mass customization,
something that has not been possible before in the pharmaceutical industry, will now
be a reality. This will create new demands and forge the companies to come up with
new ways of drug producing and testing. There will be a range of new challenges to
overcome, for example the patient recruitment for clinical trials will be made even
harder. On the one hand, pharmacogenomics will reduce the number of patients
needed in any one trial, by making it much easier to target people with a specific
genetic profile. On the other hand, it will increase the number of trials needed to test
different drugs for different versions of the same disease. Another problem is that
some drugs will simply be so specialized that the patient population on which they
can be tested is too small to prove statistically conclusive results.

3.2 The healthcare service sector in change

The empowered consumer
There are changes taking place in the social framework in which the healthcare sector
operates. This includes the growing power of the consumer. Consumer influence has
traditionally featured little in an industry dominated by the demands of regulators and
doctors. But things are changing. A lot of people seek health and medical information
on the Internet nowadays. In fact, medicine issues are among the most important on
the Internet today. This will contribute to better educated patients that will come up
with totally different demands when visiting a doctor. Jonathan Peck, vice-president
of the Institute of Alternative Futures in the US says that a better educated patients
base will have enormous impact on the whole healthcare industry, “If you want to see
the model for tomorrow’s marketplace, look back to the AIDS patients who went to
their doctors knowing more about experimental therapies and alternative care options
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than the physicians who cared for them”. There are examples of patient groups that
go even further. One example is that some AIDS patient groups now conduct self-
administered clinical trials and publish the data on the Internet for the use of other
patients and the industry itself.7

The development towards more empowered patients will presumably lead to more
motivated patients. This contributes and points to the fact that patients in the future
will be more concerned about their own illness and they might be more closely
involved in the treatment. They will however not only be more motivated they will
also demand better healthcare. It is likely that several groups will be prepared to pay
more to get the healthcare that suits them the best.

Health economics and quality of life
Since the cost of medicines today is increasing it is getting more and more important
to make the drugs affordable to society. The health economics aspect changes the
nature of the data collected in clinical trials. In fact there is a shift towards trials
conducted with the only purpose to evaluate cost-effectiveness.

In order to overcome the rising costs for the health care industry streamlining all
processes is important. One step towards this is the computerization of the patient
records that already are or soon will be introduced.

Another apparent change is the increasing number of quality of life studies. Quality of
life is of interest when different treatment opportunities are available. A treatment
can, despite being expensive, be favored if it results in higher quality of life for the
patient. The increasing number of this kind of trials corresponds and points towards
the progress in self-medicine indicating that patients are more and more involved in
their own treatment.

E-health
The healthcare service sector is constantly processing an intense information flow.
Within the next years we are likely to see a big change in how the sector uses the new
information technology. This change is one of the most important ones for this report.

Interactive web pages for different kinds of diseases and conditions where patients as
well as doctors can reach information are to become more common. The patients will
be able to seek information about their illness from several sources and are likely to
be motivated to actively make decisions about their own treatment.
                                                
7 Pharma 2005 - An Industrial Revolution in R&D , PrizewaterhouseCoopers, 1998
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We are also likely to see big changes in the way the personnel in the sector is
handling information. Although the main duties of the clinical personnel are to take
care of the patients, a large portion of their working hours is spent on handling data
and information. It is clear that the personnel at the clinics are information-workers as
much as healthcare-workers. In the nineties the industry has realized this and the
healthcare sector has recently been focusing on the development of computerized
systems that will support the workflow. The county council of Södermanland is
handling the same amount of information as the whole company of Volvo.8 At least
30% of the healthcare personnel’s time is spent on filling in forms, sending forms,
writing letter of referrals and other kind of information handling.9 Given the weak
economic situation with limited economic resources within the sector the workers
have to be able to focus on the patients instead of on the unnecessary handling of
papers, records and other kind of information. New technology based on information
technology and the Internet might solve some of the problems. The use of IT in the
healthcare sector can also enable an easier exchange of global information.

The value proposition of computerized systems in the sector is clear, but nonetheless
the development runs slowly. There are some important facts characterizing the sector
that might be the reason for the slow adoption. One is the very relevant concern that
confident information will fall into the hands of wrong people. The necessary
demands on security and secrecy, the protection of the patients integrity, have an
effect on how fast the information technology can be introduced in the health care
sector. The introduction and development of smartcards, digital signatures and coding
is crucial here.

Another thing that slows down the process is the rather low level of interest and
computer education resulting in a situation where the staff does not see the advantages
with the new technologies. They do not realize that a current time consuming job can,
with a smart computerized system, be done in only a few minutes. Another aspect is
that there is almost no time for them to learn how to use new systems. It is hard to
understand the possibilities with a system that from a first look appears not to improve
but rather complicate the workflow. Either the personnel is frightened to use the
systems or just not interested in learning the new systems. This attitude might have to
do with the fact that the personnel wanted an education in health care because of their

                                                
8 Sågänger, Jonny & Utbult, Mats. Vårdkedjan och informationstekniken - Erfarenheter av datorstöd
för sjukvårdens informationsfloder, Teldok rapport 119, 1998
9 Sågänger, Jonny & Utbult, Mats. Vårdkedjan och informationstekniken - Erfarenheter av datorstöd
för sjukvårdens informationsfloder, Teldok rapport 119, 1998
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interest in humans not in technology. A strong effort has to be made if the staff will be
able to fully learn and utilize the possibilities coming from the computerization.10

It should also be taken into consideration that several systems on the market are not
working very well. They simply do not meet the demand criteria that the personnel
has set up. The statistical survey company Sifo presented 1999 a report concerning the
daily use of IT-systems in the healthcare sector. To the question if they experienced
the IT-systems in the health care industry to create more time for the patients only 4
percent answered that that was the case, while as much as 29 percent didn’t agree at
all.11

One should also keep in mind that efforts already have been made to introduce
systems like computerized medical records. 80 percent of the primary sector and 15
percent of the specialist clinics already use computerized medical records.12 A
problem though is that the different systems are not compatible, and there is almost no
standardization. This is a serious problem resulting in no uniformity when it comes to
how the information is presented and how the information is transformed. Even if a
single site is computerized in every step it is not enough. The whole process in taking
care of a patient involves in almost every case contact with other hospitals, specialist
sites, laboratories and so on. If their systems are not compatible the information
cannot be transformed electronically and the personnel has to use paper-based forms.
Today there are at least 30 different computer systems for medical records in
Sweden.13 This has to change in order to successfully streamline the data processing
within the healthcare sector.

Some hospitals are running tests by using handheld computers to capture the data
directly instead of first writing things down on a paper and then key it into the
computer. This would be helpful in such a mobile situation as the doctors rounds. It
could also be helpful at the normal patient visit.  Pen-based handheld computers and
voice recognition systems could be useful in order to speed up the process for data
capture.14

                                                
10 Sågänger, Jonny & Utbult, Mats. Vårdkedjan och informationstekniken - Erfarenheter av datorstöd
för sjukvårdens informationsfloder, Teldok rapport 119, 1998
11 Teldoks årsbok 2000 – Intelligenta hem och telemedicine, rapport 130, 2000
12 Teldoks årsbok 2000 – Intelligenta hem och telemedicine, rapport 130, 2000
13 Sågänger, Jonny & Utbult, Mats. Vårdkedjan och informationstekniken - Erfarenheter av datorstöd
för sjukvårdens informationsfloder, Teldok rapport 119, 1998
14 Informations- och kommunikationssystem, Teknisk framsyn, 2000
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Intelligent homes and homecare
Healthcare solutions could be the killing application for the intelligent home industry.
The healthcare solutions would for example involve the development of tools for
persons suffering from chronic diseases and  applications enabling treatment at home.
Many people believe that the healthcare of the future will involve more patient
contact from a distance, that is homecare.15 This might give the biosensors a big
breakthrough. They can be installed in the intelligent home and make  home health
tests possible. The information including the result of the test can be sent to a
database. If the signals diverge from the normal, the patient will get a message
advising him to contact the hospital. This would enable part of the health controls to
be moved from hospitals to the home of the patient16 According to researchers and
specialists there are almost no limitations or obstacles to the introduction of
telemedicine and technically the area seem to be ready for it. Telemedicine
applications will cut costs and rise the personnel quality and competence.17

Additionally to the cost factor homecare presents an advantage on the human level. A
lot of patients get stressed when going to the doctor. This stress factor may cause
measurements to be incorrect. If the patient could take tests on his own at home this
problem could be eliminated.

LifeChart is a company focusing on these ideas. LifeChart’s products consist of
devices that enable the patient to measure blood pressure, blood glucose levels,
expiration capacity and airflow at home. The measured values are electronically
transferred through a modem and the telephone network to a database. Both the
patient and the doctor are then able to screen through the results, watch charts and by
this for example estimate the efficiency of a treatment without the patient coming to
the clinic. The products make healthcare or self-care a part of daily life. Of course the
devices can not totally compensate doctor visits but maintain a close, ongoing, long-
term monitoring of key physical conditions. Lifechart’s products are to be used above
all for chronicle conditions like asthma, diabetes and cardiovascular disease. The most
critical data needed to help the patient is collected in a convenient and cost-effective
way at home.

                                                
15 Informations- och kommunikationssystem, Teknisk framsyn, 2000
16 Informations- och kommunikationssystem, Teknisk framsyn, 2000
17 Informations- och kommunikationssystem, Teknisk framsyn, 2000
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3.3 The clinical trial process in change

In a focus meeting held by Clinitrac, specialists from the pharmaceutical industry was
asked,

“What are the three biggest challenges that the pharmaceutical industry is
confronting?”

Most answers had something to do with the clinical trial process. Reduced time-to-
market was no doubt considered to be the most challenging task. The second most
important challenge was quality data capture and handling in clinical trials and a total
shift from paper-trials to e-trials. The third challenge involved the problem concerning
patient recruitment i.e. finding patients within time and with the right preferences.18

On the question,

“How to overcome the steadily rising development costs for new drugs?”,

the answers were: Introduction of knowledge management systems, faster integration
of new technology and new processes and finally speeding up the clinical trial
process.

These answers show how important the speeding up and the streamlining are to the
clinical trial process. In fact the specialists clearly considered the enhancing of
clinical trials as one of the most important challenges in order to survive in the new
pharmaceutical environment.

These attitudes are further understood when looking at how much money is spent on
clinical trials per year. Of the $35 billion spent worldwide in research and
development (R&D) one-third is spent on clinical trials.19 This makes clinical trials by
far the largest segment of the R&D expenditure.

Most companies have now realized these facts and are eventually working out
guidelines for how to overcome the problems that are making the clinical trial process
too slow. The efforts contributes to the today situation where the whole clinical trial
process is in change. This chapter will describe the situation of today, the changes that
are going on as well as answering the question why it is so important to make the
clinical trial process better.

                                                
18 Focus meeting, Clinitrac, Infra City Stockholm, 2000-11-29
19 Pharmaceutical Research and Manufacturers of America (PhRMA), webpage
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Development times and opportunity costs
To find promising drug candidates an enormous allocation of resources is necessary.
The development cost of one pharmaceutical drug is today between $500 and $800
million.20 The time consumed from the first test in humans to a new drug application
approval is approximately seven years.21 Each day of delay no matter where in the
development process results in a significant loss of profit. One single drug can after a
successful introduction to the market generate more than $2.5 million per day.22 Add
the fact that drugs have a finite sales exclusivity period due to patent terms and it is
easy to understand why there is a definite financial imperative to reduce the time
consumed in the clinical development process. A one day delay in the development
progression of a normal drug can result in a revenue loss between $1-$2 million.

Time-to market – the power of the first-mover
An additional benefit coming from faster time-to-market is a competitive advantage.
Facing the new pharmaceutical environment it is really no problem realizing that
beating a competitor to the market is highly desirable. James Ackerman emphasizes
that the power of the first-mover advantage nowadays is particularly acute in the
pharmaceutical industry.23

Data handling – a future problem
One way to be successful according to PricewaterhouseCoopers is to achieve a
dramatic increase in the number of new drugs emerging from the pipeline.24 But of
course not all problems will be solved by pushing more drugs down the pipeline. In
fact this will create a lot of new challenges. The rise of the number of drugs will for
example result in an increase in the number of clinical trials that have to be
conducted. The result of this is that we will see a demand for more trials per clinic,
the number of investigators will be even more limited than they are today and so will
the number of patients. Most importantly for this report is, however, that the
increasing number of drug candidates in the pipeline will generate greater volumes of
data that has to be handled.

This contributes to the fact that the pharmaceutical companies are at risk of being
overwhelmed by a tidal wave of data without having systems ready to deal with the
problem. Most pharmaceutical companies are currently ill-equipped to deal with this

                                                
20 The Boston Consulting Group, webpage
21 The Tufts Center for the Study of Drug Development (CSDD), webpage
22 Ackerman, James D & Simon, John P. e-Pharma: Accelerating Clinical Trials and Enhancing
Details,  Industry Analysis, Friedman, Billing, Ramesey & Co., Inc. August 2000
23 Ackerman, James D & Simon, John P. e-Pharma: Accelerating Clinical Trials and Enhancing
Details,  Industry Analysis, Friedman, Billing, Ramesey & Co., Inc. August 2000
24 Pharma 2005 - An Industrial Revolution in R&D , PrizeWaterhouseCoopers, 1998



E-business in the pharmaceutical industry –                                                            Situation overview
Presentation of a solution, based on mobile Internet,
for electronic data capture in clinical trials

22

information onslaught. They have no defined data standards, no common architecture
and no central depot from which staff can get easy access to the experience of
colleagues elsewhere in the business. Given the fact that the amount of data that they
are already facing is a big problem the future environment will cause even more
difficulties in tomorrow’s handling of the data.

The problem of recruitment
There is a 7% annual growth rate in the number of patients involved in each clinical
trial per new drug application25. This growth in patients per trial is largely based on
regulatory concerns that require a drug to be tested in more patients before being
approved. Patient recruitment is a large problem that will be even greater within the
next few years. The personalized medicine revolution makes patient recruitment even
harder.

In the short term, PricewaterhouseCoopers estimates that the net effect of successful
improvements concerning shorter development times and higher success in discovery
and preclinical testing could be a nearly six-fold rise in demand for patients and trial
personnel required to conduct clinical trials.26

Most patients in phase II and III are currently recruited at specialist referral centers.
Unfortunately this pool is not big enough to meet the companies needs. An increasing
number of companies are therefore recruiting patients through primary care providers,
the Internet and even television. But as patients become better informed, they may
become more selective about the sort of trials in which they agree to participate.
However it could also be the opposite if they are suffering from a serious illness.

AIDS patients are example of a shift in the recruitment process. When it comes to
these kinds of diseases the patients themselves are likely to push for the development
of new drugs and therefore the participating in trials will be highly desirable.

“When AIDS patient groups learned that Wellcome was developing AZT, they
obtained copies of the protocols, visited the company and made suggestions about
how to improve clinical trials. They also took to the streets in an effort to ensure that
the drug was tested and approved as rapidly as possible, even though it did not meet
the normal criteria for safety and efficacy. For the victims of AIDS, the promise of a
few extra years outweighed the risk of taking an as yet unproven drug.”27

                                                
25 CenterWatch, webpage
26 Pharma 2005 - An Industrial Revolution in R&D, PrizeWaterhouseCoopers, 1998
27 Pharma 2005 - An Industrial Revolution in R&D, PrizeWaterhouseCoopers, 1998
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The development towards patient empowerment above described could contribute to
this progress resulting in more patients that actively on their own seek opportunities to
participate in trials.

The regulatory authorities
The surge in the number of produced drug candidates will ultimately translate into a
high rise in the number of applications landing on the desk of the regulatory
authorities such as the FDA (Federal Drug Administration) in the USA and EMEA
(European Medicines Evaluation Agency) in Europe and LV (Läkemedelsverket) in
Sweden. This states the fact that regulatory authorities are at risk of being
overwhelmed by a huge amount of data.

Knowledge management systems
Most companies design trials without using information from studies in other
therapeutic areas, even though the data could help them to design better trials. In
addition they use a wide range of systems, with little standardization. Add to this the
use of paper-based case reports that are keyed or scanned into a central computer and
it is easy to realize that there are mayor difficulties involved in screening through
earlier results. This fragmented approach will no longer work, as improvements in
discovery and pre-clinical trials push more drugs more rapidly down the pipeline and
the studies themselves become more complex. Improved ways of handling
information concerning results are also needed in order to support marketing
activities within the companies.
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4 The introduction of new technology

  – The need of e-business in the pharmaceutical industry and in the clinical trial
process.

This chapter will comprehensively investigate how to overcome the industry’s
challenges and how to make the most of the opportunities by using new information
technology. Companies that want to explore the advantages with the new technologies
are today formulating e-business strategies. The e-business strategy formulation is an
important step for an organization aiming to transform itself into using the Internet as
a means of doing business. Without a clear strategy formulation, the risk of
suboptimizing the value network, destroying the market channels or undermining the
organization's brand are all too high. It is important to analyze the current situation
and outline the steps towards transformation. A start is to diagnose the current e-
business initiatives of the company and its competitors to identify key issues and set
overall directions.

The Internet revolution is characterized by the immense increase in the use of the
Internet and now lately the mobile Internet. The Swedish telecom company Ericsson
estimates 1 billion people to use mobile telephones in the year 2002, that are more
users than there are using the ordinary stationary telephones today. In the year 2003
the mobile use of the Internet will exceed the ordinary PC-use of the Internet.
According to Ericsson mobile Internet will by then be used by 1 billion people.28 The
forth quarter of the year 2000  75.000 handheld computers were sold in Sweden. This
is an increase with 53 percent compared to 1999. 225.000 handheld computers were
sold during the whole year 2000. This calculations show that the amount of handheld
computers sold to companies is bigger than the amount of ordinary portable
computers year 2000.29

Mobile systems are becoming an important part of the Internet and present completely
new opportunities to us. One of the actual opportunities in mobile systems is that
workers will be able to interact within companies anywhere when solving their
professional tasks. However, many of the services developed recently do not live up
to the visions of the mobile society. This may be caused by the fact that the services
developed so far are often truly technology-driven. By now it is indeed time to start
the development of solutions that will meet the demand from the customers. The
developers will have to reconsider, listen to the market to search for applications
where the mobility actually add something for the user. The most important aspect is

                                                
28 Ericsson, webpage
29 Stark ökning av handdatorer trots fortsatt komponentbrist, Computer Sweden, 2001.02-23
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having the ability to see what can be emphasized and recreated using the new mobile
technology. The mission is to understand what mobile technology means for
individuals, the business process, branding, and the customer relations.
In the pharmaceutical industry there are a lot of processes that could be enhanced by
the use of information technology and the Internet. A system based on the Internet
and the mobile Internet to speed up the process in clinical trials is one example of a
change that the users benefit from.

The situation where a drug is put on market within the timeline that from the
beginning was prospected is very rare. Most of the time something in the clinical trial
process has caused the problem. Since clinical trials are said to be one of the most
important areas for streamlining in order to overcome the challenges the chapter
mostly deals with the problems in the clinical trial process. The areas most important
for the paradigm shift to electronic trials (e-trials) seems to be data capture and
handling, patient recruitment and knowledge management.30

The development process
New technology can bring about a shortening of the whole clinical development
process and by this accelerate drugs to market. Long pre-clinical development period
and high competition among existing firms clearly states that there is an immense
opportunity for the companies to reduce the time-to-market of new drug candidates
with the use of information technology. The shortening in time-to-market will benefit
both consumers, that is the patients, and the pharmaceutical companies since drugs
will receive marketing approval earlier and patients will have access earlier to the
therapeutic treatment. The clinical trial process involves a whole range of problems
such as the immense amount of data and the patient/investigator recruitment that
hopefully could be improved by using new technology. The value proposition of e-
trials is clear, and within the next few years new meaningful technology will have to
be introduced to substantially improve the clinical trial process. Information
technology has the ability to effectively substitute a large part of the unnecessary
work and the huge amount of paper-based forms as well as save travelling time for the
clinical trial associates. Specialists claim that remote data entry, data capture systems
and other advances using the new information technology could save 20% of the
clinical resources required.31

The introduction of new technology will, however, not happen over night. In contrast
to many of the other sectors, the pharmaceutical sector has not yet been characterized
by any major deals involving emerging new economy e-commerce businesses.
                                                
30 AstraZeneca, webpage
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Although there are plenty of new companies developing e-commerce business models
until today the established pharmaceutical companies have been quite slow to react to
these impostors. Whether this represents healthy skepticism, or if the new e-business
services will be adopted and used within the near future has yet to be established.
There has to be a reason why the majority of the trials, despite the pharmaceutical
companies attempts to incorporate systems for electronic data capture, remain paper-
based today.

However, the technology of today has the potential to truly revolutionize the
development process and several specialists believe that the industry will move
towards incorporation. For example, James Ackerman is confident that given the
economic situation in the industry, the pharmaceutical companies simply cannot, in
the long run, afford to neglect these technologies.32 Therefore, as e-trials solutions
become time-tested and proven, we can surely expect a widespread adoption by the
pharmaceutical industry.

Knowledge management
Another aspect that points out the need of new technology in the trial process is the
lack of institutional memory e.g. systems supporting knowledge management within
the organizations. Trial costs have steadily increased as more trials have been
performed during the last years and this states the fact that the current trial model is
not scalable.33 A knowledge management system allowing designers and planners to
screen pros and cons explored in earlier performed studies would make the process
scalable. However, in most organizations there seem to be far too little
communication between the different therapeutic groups within the companies.
Almost all firms in the information age are dealing with the problem that the
knowledge resides in a limited number of key employees. Add to this the problem of
communication and it is easy to realize the need of a smart, user-friendly system for
knowledge management in clinical trials.

The regulatory authorities
The work of the regulatory authorities could be made much easier with electronic
dossiers. As more drugs are developed in each firm in order to remain market leader
the regulatory authorities are likely to be overwhelmed by information. Given these
impetus standardized electronic dossiers will in the near future be a necessity. They
may even be replaced by virtual submissions where trial data is saved on a continuous
basis and stored on a central server accessible to research companies as well as to
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regulators. This would enable the regulatory authorities to assess evidence on a rolling
basis, rather than waiting for a formal application.34 This scenario is however a bit
questionable. To have the regulatory authorities separated from the development is
important in order to get a fair procedure of the approval.

In conclusion there are three major reasons to incorporate new technologies based on
information technology and the Internet into the data handling in the clinical trial
process.

� The companies have to shorten clinical trials in order to stay alive in the new
environment. The current process takes too much time and costs too much.

� Genomics and proteomics will probably flood existing clinical trial infrastructure
creating  information overload. Paper-based trials will not do in the future
environment.

� There is a need to create a foundation for institutional memory e.g. knowledge
management systems for the trial process in the companies.

                                                
34 Pharma 2005 - An Industrial Revolution in R&D, PrizeWaterhouseCoopers, 1998
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5 The need for a new solution

For some of the stages in clinical trials, technology solutions developed to enhance
and streamline the process already exists. The design and planning stage is most often
carried out by using computer systems. There is a lot of companies selling computer
programs for the protocol set-up, for example. The statistical analysis is performed by
using computer programs that have been in use for years. The evaluation process and
the report writing is of course also performed by using computer systems.
Communication between the various interested parties during the course of the trial,
has during the last years been significantly improved by the Internet. Concerning the
trial conduct however the situation is different. There are systems that the monitors
can use for supervising the trials; but only in the sense that they can go to the site and
key information into a laptop concerning how and if the trial is running as it should;
i.e. that it fulfils the regulatory demands and that the protocol is followed. The
monitors are however not able to get information about the trial result. Concerning the
data collection and management during the trial conduct there are almost no
computerized systems on the market. This is actually the reason why the monitors
cannot follow the progress of the trial during the enrollment.

Because of this, coming up with a solution for this part of the trial is the most
important step for the industry towards streamlining the whole process. The solution
described in this report is focusing on this part.

Today the investigator and the patients use paper-based forms to fill in the
information. During the trial the monitor collects all these forms and the information
has to be manually transferred to a computer system. The forms consist of patient
diaries completed by the patient at home and case report forms (CRFs) completed by
a nurse or the investigator on site. After the completion of the trial the forms are
keyed or scanned into a central computer.

In order to manage the enormous amount of data collected in each trial professional
keying-in personnel is hired to do the work. There are a lot of problems surrounding
this process.

First of all the amount of data itself is a problem. Since almost all stages in the clinical
trial data handling process are paper-based the records for each patient often total up
to a hundred pages or so. A 1000 patient phase III trial may sum up to over 100.000
pages to be handled, sent between actors, evaluated and finally to be stored.
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Actually the keying-in personnel is somewhat unnecessary. What they do is keying-in
the same information that the patients and the doctors already have written down. A
lot of money could be saved just from not having this personnel hired to do the double
keying-in work from papers forms to the computer system.

Another problem involves poor handwriting and inconsistent entries. It is often
difficult for the keying-in personnel to interpret what the patient or the investigator
actually has written. There are a lot of misunderstandings due to this problem
resulting in queries being sent back to the investigator site.

The paper and keying-in-way also implies that the data review does not start for a
long time sometimes not until several months after the first CRFs are available.
Information that is hidden during the process could indicate trial problems such as
issues with enrollment criteria or protocol violations. In today’s system it is not
possible to solve these problems until the end of the trial and then it is often too late;
in the worst case the trials have to be carried out again. There are a lot of studies that
never are fulfilled or not fulfilled within the timeline; and the reason is often that the
trial leader did not got the information in time about the violation of protocol e.g.
patients that haven’t taken their medicine or have decided not to finish the study.
Additionally, the error rates are a problem. The CRFs are usually not completed until
after the patient has left the office, thus data capture error rates tend to be high. The
paper processing increases these error rates and make the errors more difficult to
correct. In a paper-based system it is really hard to identified where the problem has
occurred.

In conclusion the traditional data collection process and system is very labor intensive
and time consuming. Presumably this fragmented approach will no longer work, as
time-to-market has to be shortened, improvements in discovery and pre-clinical trials
push new drugs more rapidly down the pipeline and the studies themselves become
more complex. Thus the demand for a new way of collecting the data is highly
desirable.

Electronically captured data
Electronically captured data is likely to eliminate these kinds of problems. The idea of
using electronic data capture systems is to reduce errors and add efficiency to the trial
process. Since the forms that are to be transformed to electronic ones consist of the
current paper-based patient diaries and case report forms CRFs, the electronic solution
is called e-patient diaries and e-CRFs respectively.
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Systems for electronic data capture eliminate problems with the huge amount of
paper-forms. Since the whole process is to be electronic and the data is registered
directly into the computer the papers are eliminated. The problem with poor
handwriting is eliminated and so is the unnecessary work coming from the doubled
registered data. The electronic systems can be developed with exception detection
systems that directly tell the user whether the data he just keyed in is correct or not. If
a number is absurd or illogical the user is told to re-enter the value. The utilization of
this kind of computer-assisted exception detection systems can provide significant
savings in both human resources and time. First of all the exception processing is
moved off the critical path to an earlier stage of the clinical development process
resulting in a situation where problems can be dealt with earlier and whole trials can
be saved. Secondly, it enables reviewers to have a clean database from the beginning
resulting in much less queries handling. Thirdly, it enables a company to perform
meta-analysis. 35 Meta-analysis is not to be confused with the statistic analysis that has
to be performed after the database-lock which is when the code is broken and it is
reveled who was given the placebo and the treatment respectively. Less handling of
papers, less problems with handwriting, less queries, no need for double registration
makes the professional keying-in personnel redundant why costs can be cut. The
overall result from using electronic data capture and handling is a reduction in time-
to-submission.

The situations where electronic data capture is needed
It might seem easy to realize that electronic data capture would be a perfect way of
combat the problems described above. However the main challenge consists of how to
enable the persons involved in the trials to actually key-in the data. There are two
situations in clinical trials where there are no solutions for how to collect the data
without using paper-based forms.

The first one is the situation when patients are filling out in the forms at home. During
the trial process patients generally maintain diaries allowing day-to-day collection of
crucial patient data. One way to overcome the problem with the paper-based patient
diaries is to let the patients fill in the information using their home PC and transform
the forms using the Internet. The problem is that there are a lot of patients that do not
own a PC. In Sweden the computer-maturity is high but that is usually not the case in
other countries. Additionally a lot of patients do not know how to use computers.
Sometimes the patients have to give information when they do not have access to their
own computer, for example at work or during vacation. These problems could be
solved if the patient would have an easy-to-use mobile terminal. There is now a wide
                                                
35 Buchholz, Kenneth & Ascoli, Diane. The value of computer-assisted data review in the clinical
development process, Drug information journal, vol. 31, pp. 635-638, 1997
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variety of electronic devices that are small enough to be taken home and used as
electronic diaries by patients. Such devices can be programmed to record the date and
time of entries, to allow only appropriate responses, and to remind patients to answer
all questions. They can also greatly simplify data transfer and processing.

The other situation is when the investigators enter data at the point of care when the
patient visits the doctor. The key in successfully incorporating electronic data capture
is using a system that does not affect workflow too much. Most attempts to introduce
automation into the clinical trial process have this far been disruptive to site
workflow, and therefor, have not been used consistently. Putting the right electronic
links in place is on account on this only half the battle; the other is creating the right
human links and the right conditions for learning the new systems.

In conclusion there is a big demand for a system that electronically captures data.
Uniformity of data collection, processing, evaluation and reporting will reduce the
risks of disputes and misunderstandings. It also eliminates much of the need for
rework and accelerates the speed with which a trial database can be finalized for
submission to the regulatory authorities. In addition, it enables a company to perform
meta-analyses and to eliminate duplication of effort throughout the whole company.
The areas where there currently are almost no systems developed is the patient diaries
and the CRFs. The use of new information technology is a good way to overcome the
problems. The necessity of being incorporate in the overall workflow at the clinic
favors the use of mobile terminals. In the same way the patient situation where data
has to be enrolled at home also promotes the use of mobile terminals.
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6 The functionality of the new solution

The solution
The solution consists of handheld computers used by the patients at home and by the
investigator at the clinic. The information that is entered is transferred online to a
database where a polling server transfers the information to a webpage. On the
webpage the information is presented in a smart and user-friendly way. The webpage
enables the monitors and the investigators to have online access to the continuous
information and results coming from patients and investigators. The databases are
designed to check for data entry errors and other inconsistencies and immediately
alert the investigator or the patient so they can solve the issue. Additionally, the
clinical reviewers are able to process queries during the course of the trial, rather than
at the completion. Since the data is entered during the course of the trial and most
errors resolved early in the process, the data cleaning process at the end of the trial is
almost completely obviated and thereby shortening the time to database lock. Having
the two situations in mind, the investigators at the clinic and the patients at home, the
solution is made truly mobile with the use of connected pen-based handheld
computers.
Figure 4 shows the appearance on the display that the patients use at home while
figure 5 shows the overall system.

Figure 4. The display appearance of the patient diary
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Figure 5. The overall mobile system

Demands
The development of digital systems for electronic data capture must follow laws and
rules set by the regulatory authorities. This includes coding, signing, digital signatures
and so on. The digital systems have so far, mainly been developed in the US.
Consequently the general outlines concerning the use have been drawn up by the
FDA. The FDA has issued its requirements for electronic records and signatures in 21
CRF 11 (August 1997). Also notable is that there are significant regulatory issues
regarding the use of PDAs. Each user has to sign in using a digital signature. Digital
certificates are used to verify the authorization of the user. The logging-in procedure
can be arranged by using a smartcard combined with either a pin-code or a biometrics
system i.e. the fingerprint method.  These systems compensate the manual signatures
on papers as well as the digital signatures that investigators use today to enter the
computerized patient record system. In order to meet the demands for user-
friendliness the signing-in procedure should be made as easy as possible. A smartcard
in combination with a biometrics system is preferred since the investigator in this case
only has to put the smartcard into the PDA and then put his finger tip on the
fingerprint module.
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The functionality of the solution
The idea is to virtually eliminate data editing. The keying in of data and proof-reading
will be completely eliminated and the study procedures will be completed rapidly. An
example of this is that the time from last patient out to file-locking will be much
shorter here than in similar studies still using paper diaries.
Figure 6 shows the amount of time each step in the clinical trial process will take
when the mobile solution for electronic data capture is used. The improvements of a
digital system compared to a paper-based system showed in figure 3 are above all the
elimination of data queries and handling.

Figure 6. The clinical trial process and time consumed after the introduction of a mobile system for

electronic data capture.

Source of ideas: AstraZeneca, Clinitrac, Clinical Data Care

There are some research groups in different pharmaceutical companies that have
carried out tests concerning the use of mobile terminals. These previous studies of
electronic diaries have mainly focused on small computers with conventional
keyboards or custom built devices using button presses. The connection and data
transfer have in these studies, mostly due to immature hardware, been troublesome
and difficult to use. Results from these investigations are however useful and have in
this report been used to predict the future possibilities for a usage of mobile terminals.
Recently, due to the immense efforts of the big telecom companies, the technology
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has been much improved and new opportunities for the use of mobile devices in
clinical trials have come up. For example the devices using a pen for data input have
become available. Making entries with a pen rather than a keyboard has potential
advantages since it may be a more natural method to use, especially for patients
unfamiliar with computer technology.36 The small devices of this sort are referred to
as personal digital assistants (PDAs).

People might get scared by the ordinary computers. Results from studies performed to
measure computer anxiety and private self-consciousness show that computer anxiety
can affect the result of assessments of cognitive function as well as of mood ratings,
and suggest that pen-based systems may have advantages over conventional
computers in this respect.37 The investigation carried out by Hsu-Min Tseng showed a
lot more possibilities coming from the use of mobile devices. The results showed for
example that patients in a clinical trial tended to prefer PDAs to paper for entry of
diary and questionnaire data and they rated such devices as easy to use. The elderly
participants were as happy using them as were the young.38 Another study carried out
by Brian Tiplady at AstraZeneca showed that 36 of 37 patients in a survey found the
electronic diary “very easy to use,” and were comfortable with it. One patient found
the diary difficult. 39

Handheld devices are also favored due to their ability to be easily incorporated in a
workflow process without necessitating significant changes in the overall process.
This also enables the data capture to be entered closer to the point of care. Tests have
been performed where investigators use mobile pen-based surfboards in order to enter
data about the patient at the patient visit and it appears to be able to work.40 The
majority of the investigators do not want to enter data into an ordinary computer in
the point of care. The reason is that the focus has to be put on the patient and the
dialogue with him or her, not with a machine. Using a mobile terminal is more related
to using an ordinary paper and that is why a system like this will not affect the overall
workflow too much, according to the investigators.

                                                
36 Tiplady, Brian, et al. The use of electronic diaries in respiratory studies, Drug information journal,
vol. 31. nr. 3, 1997
37 Tseng, Hsu-Min & Tiplady Brian. Computer anxiety: A comparison of pen-based personal digital
assistant, conventional computer and paper assessment of mood and performance, British journal of
psychology, 89, 599-610, 1998
38 Tseng, Hsu-Min & Tiplady Brian. Computer anxiety: A comparison of pen-based personal digital
assistant, conventional computer and paper assessment of mood and performance, British journal of
psychology, 89, 599-610, 1998
39 Tiplady, Brian, et al. The use of electronic diaries in respiratory studies, Drug information journal,
vol. 31. nr. 3, 1997
40 Brian Tiplady, Focus meeting, Clinitrac, Infra City Stockholm, 2000-11-29
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Even if these investigations carried out by different companies point to the fact that
the use of mobile terminals is possible there are still a number of success factors
involved in presenting this kind of solution in full scale. The investigations carried out
this far have only involved a limited number of patients and the transformation of the
concept to full scale will lead to several new challenges. There are still a lot of
questions to be answered, for example how to transfer the information, network
access issues, hardware issues and the necessary overall preferences of the terminals.

First of all the handheld computers to be used have to be connected wireless pen-
based devices with a back-lit display in color. The reason for using pen-based systems
is already considered in for example the tests where Dr Brian Tiplady have concluded
that pen-based systems are much easier to use than keyboard systems. The display has
to be back-lit and in color in order to facilitate the reading from the screen. The fact
that they are connected makes online registration possible.

Careful attention must be paid to screen layout and design to ensure adequate
readability when these devices with smaller screens are to be used as electronic
diaries as well as electronic CRFs. It may be appropriate, for example, to display one
single question at a time on the screen, rather than three or four. A large display font
is absolutely necessary. To satisfy all demands from the users experts in human
computer interaction have to be involved in the specification of requirements as well
as in the development.

The system has to be independent of platforms. Today there are almost no handheld
computers on the market that correspond to all the requirements of clinical trials. It is
hard to imagine how the future devices will look like. On account of this the solution
should be a software program that can be installed in all the handheld computers
available on the market. The software has to have the ability to be run on all the
leading operational systems i.e. PalmOS, WindowsCE, EPOC and PocketPC as well
as on all the leading devices such as Ericsson Communicator, Nokia Communicator,
the Symbian Quartz and the PalmPilots.

The whole solution including the handheld computers and the webpage has to be
robust and easy-to-use. Additionally the solution has to be packed well in a way that
suites the users and in a way that clearly illustrates the possibilities and the advantages
of the system. Education has to be included when selling the system. Unfortunately,
due to their usually busy schedule the investigators often have difficulties finding the
time for education.
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Additional possibilities coming from using the mobile system
At first sight the mobile solution has obvious advantages in comparison with the
current paper-based systems. The mobile solution almost eliminates all problems
involved in the current process for clinical trials. Additionally, the mobile solution has
a lot of advantages in comparison to a stationary solution.

Simply the use of a device can possibly increase the compliance rate. Participating in
a clinical trial is usually not a very pleasant activity. A lot of patients take a dislike to
the fact that they have to fill in their morning diaries. The use of a digital device could
change this and make the procedure more fun, especially when it comes to children.
In recent tests, an improved compliance has indeed been achieved. The use of mobile
devices delivers 90-95% patient compliance through out the study, compared to 50%
in a paper-diary.41

In the US and in some other parts of the world clinics and hospitals are carrying out
tests concerning the use of mobile terminals that support the workflow. There are a lot
of companies and organizations working on making progress in this area. In Sweden
The Ronden-läkarnätet is one example of an organization working toward the use of
handheld computers in the daily work of investigators. This development is likely to
advance and that is why a mobile solution for clinical trials is likely to be well suited
for the market in the coming years.

Concerning the patients, the use of mobile terminals at home corresponds well to the
overall development towards homecare and intelligent homes. Lifechart’s product
described in chapter 4 could easily be used with the clinical trial mobile solution. The
patient could use LifeChart’s products to measure blood pressure, blood glucose
values and airflow and the obtained values could be sent by using for example
bluetooth technology to the mobile device. Picture 7 shows the procedure.

                                                
41 Focus meeting, Clinitrac, Infra City Stockholm, 2000-11-29
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Figure 7.  PEF-meter values are sent to the mobile device using bluetooth technology

When the value appears on the display the patient presses OK and the information is
sent together with the other questions to the central database. Peak flow could also be
measured and then recorded manually in the diary. A truly digital solution using
bluetooth is however desirable in order to eliminate errors. The procedure could in the
future incorporate more complex measurements using biosensors and other
telemedicine tools making some of the patient visits unnecessary.

Future possibilities
In the beginning the solution has to be used somewhat separately from the overall
activity at the clinics. In the future however the solution is meant to be incorporated in
the overall workflow where the information can both be reached and sent from the
clinical trial system to the ordinary patient medical record system. This enables the
investigator to get all information concerning a patient about to participate in a trial
directly as opposed to the present situation where he has to reenter the information in
order to keep track of the patient in the clinical trial process. Since there is a wide
range of different systems for patient medical records today this will, however, be
hard to manage within the next coming years. A digital computerized system for
clinical trial does at least prepare for this development.

Having all data captured in a smart and convenient way, transferred and stored in a
database developed with exception detection in combination with an easy-to-use user-
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interface for the monitors will create possibilities for development of a whole range of
side-products.

First of all the system can rather easily be transformed into a knowledge management
system. All the information concerning the trial conduct is already there in the
database. Things that were not possible before when all data was stored in paper-
based forms are now possible. The design of a software that enables the monitors to
easily screen through the result from earlier studies is crucial in the development of
such a knowledge management system. But since the capturing process is already
there as well as the information processing, a knowledge management system can be
built up rather easily.

The recruitment process is another important problem in the clinical trial process that
can be solved by using this system. In a future, when a big part of the population is
using handheld computers in their daily life, the recruitment can be arranged through
the mobile devices. This development has started already and there is a lot of
webpages where patients can sign in for specific trials. The use of the mobile solution
is a kind of a preparation for this progress. Persons that already have been participants
in a trial are already signed in and have their preferences and medical details
registered in the database. These people can sign up for future trials. When a new trial
is to be set up that requires patients with a certain condition a message is sent out to
the mobile terminals of the suitable patients. If someone wants to participate he clicks
the OK button.

Figure 8 shows the time that can be saved in the clinical trial process in the future
when  all the possibilities coming from the mobile electronic data capture system are
used.
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Figure 8. The overall time consumed in a future trial using all the new mobile system features.
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7 The technology

The connection enabling the on-line registration of data can be arranged in several
ways. Today the GSM-network can be used to send emails. The information can be
packed in e-mails and be sent coded to the database. This is however not a very
convenient way of doing it since it takes time and the connection can be cut in the
middle of a transfer session resulting in lost data. The development in telecom
networks involving the development of GPRS and UMTS will improve the
connection and the transfer sessions. In UMTS the user is connected all the time and
the data is transferred in high bit rate up to 2 Mbit/s. This enables the user to fill in
ordinary forms as it is done from a stationary computer connected to the Internet
today. The forms are then transferred to the central database. Another possibility is to
use W-LANs. W-LANs enable the user to connect, for example a laptop, via the PC-
card without wires. W-LANs are already used by some companies mostly to enhance
the mobility of their workers within the office building. Some hospitals have started to
use W-LANs as well, in order to make the personnel more mobile.

Concerning the patient diaries the upcoming UMTS-network will perfectly suit the
demands for fast, secure and easy transfer processes. The electronic CRFs could
however use either the UMTS-network or a W-LAN. There are limitations to both. In
some hospitals the use of the GSM-network is forbidden because it might disturb
other medical equipment. It might be the same situation with UMTS. W-LANs are
therefor a good alternative, but the problem with the use of W-LAN is that they might
be too energy demanding resulting in problems with the size of the terminals.

The terminals that are to be used should, as described before, be connected, wireless
pen-based devices with a back-lit display in color. Today there are almost no such
devices on the market. Most of the handheld computers of today are not connected to
the Internet. The connection today is made up by using a mobile telephone and the IR-
port. This will not suffice if the devices are to be used as successful tools in clinical
trials. The PalmPilots fulfil most of the requirements except back-lit display in color
and the connectivity. Psion has a terminal with all these features. However, it might
be a bit to big for the patients and the investigators to carry around. The best terminal
would be a device with all the features of the PalmPilots plus the back-lit display in
color and a direct connectivity.

There are some companies that, on their own,  have started developing terminals and
transfer systems to be used in clinical trials. This approach has eventually shown to be
too expensive. It also creates future standardization and compatibility problems when
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the solution is to be incorporated in the overall system within the company. The
products of the company Minidoc are examples of this. They created a hardware of
their own that in the beginning seemed to be working well and the products were
favorable received on the market. However, as the technology development continued
the Minidoc products tended to be antiquated and old-fashioned. Since they had built
their own platform the products could not be adopted to the new technology
environment.

The mobile solution described in this report will with the Minidoc’s experience in
mind be truly platform-independent. In fact it is also forced to be platform
independent since the solution uses technology that still is under development. The
different necessary parts either exist or are to be developed in the near future.

Most important is the development of the infrastructure and networks which will
enable a safe, fast and convenient transfer of information. The second most important
issue is the development of terminals that fulfil all the requirements of a device used
in clinical trials. A third aspect is the development of certificates and digital
signatures in order to give the user a convenient way to log into the system as well as
to sign the documents. The development of the software could however favorably be
started immediately.
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8 Conclusions

The pharmaceutical industry is an industry in change. Lately the companies in the
industry have experienced higher competition, lower margins and steadily increasing
development costs of new drugs. More drugs with shorter time to market have to be
developed in order to maintain in leading position within the industry.

The healthcare sector is a sector in change. The cost for medication is increasing and
so is the work-load. Additionally, the personnel is  overwhelmed by data and
information resulting in a situation where information processing makes out a large
portion of the time that should be spent with the patients.

Recently new technology has become available presenting possibilities to solve some
of these challenges.

The clinical trial process stands for a large part of the overall development cost for
new drugs. Here, there is still a lot of work to be done concerning the incorporation of
new technology. Several steps in the process are currently lacking computerized
systems.

Solutions for electronic data capture during the trial conduct are able to streamline the
whole process by eliminating problems coming from missing entries, poor
handwriting, query processing, time consuming monitor travelling and document
transportation. A range of side-products such as recruitment systems and knowledge
management systems will come from having all data collected and stored
electronically in a central database.

There are, however, some specific requirements involved in the development of such
an electronic system that are necessary to fulfil in order to present a successful
solution. The system has to be used by patients at home filling in their daily patient
diary and by the investigators at the clinic filling in their CRFs. The development
costs have to be turned down in order to make the solution cost-effective for the
investigating companies and last but not least the solution has to fit into the overall
workflow.

This investigation has come to the conclusion that a mobile system using connected,
pen-based handheld computers with back-lit display in color does fulfil these
requirements.
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The solution consists of the handheld computers, a polling server and a webpage
where monitors and investigators can reach the on-line registered data that presents
information about the trial conduct.

In order to be cost effective the system is to be developed, independent of platforms,
on existing handheld computers, telecommunication networks and operational
systems.

The telecom industry is current not sufficiently mature for this kind of solution why
requirements concerning safety and robustness cannot be totally fulfilled using the
technology of today. However, given the immense need for this mobile system, an
immediate start of the development of the software modules is highly recommended.
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Appendix B
Glossary and definitions

3G: Third generation mobilesystems

Bluetooth: A technique for communication between different electronic devices.
Transmission capacity of 1 Mbit/s, range of approximately 10 m.

Client/server:Part of the software product – the client application – is executed on
the handheld device and the other (the greater) part – the server
application – is executed on a central server computer.

CRA: Clinical Research Assosiate

CRF: Case Report Form

CRO: Clinical Research Organization

EDGE: Enhanced Data rate for GSM Evolution. Uses the existing
GSM network, but with a higher transmission capacity. Packet
switched.

GPRS: General Packet Radio Service. Packet-switched network. The user may
always be on-line and is only charged for the amount data he/she is
sending. Transmission capacity of approx. 100 kbit/s, to be shared by
all users in a cell.

GSM: Global System for Mobile communication or Groupe Speciale Mobile

HMO: Health Management Organization

IT: Information technology

IR: Infra red. Transfer of data between different units. Transmission
capacity of 4 Mbit/s, range approximately 1-10 m.

LAN: Local Area Network

PDA: Personal Digital Assistant
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R&D: Research and Development

SMO: Site Management Organization

SMS: Short Message Services

TCP: Transmission Control Protocol

UMTS: Universal Mobile Telecommunications System . The third generation
of mobile telecommunication networks. Packet switched network with
a theoretical transmission capacity of 2 Mbit/s (in practise, between
64-384 kbit/s).

WAP: Wireless Application Protocol

W-LAN: Wireless Local Area Network. Local network with a range of
approximately 100-150 m. Transmission capacity of 11 Mbit/s

WML: Wireless Markup Language

WTP: Wireless Transaction Protocol

WWW: World Wide Web
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Appendix C
The patient diary



E-business in the pharmaceutical industry –                                                                       Appendix D
Presentation of a solution, based on mobile Internet,
for electronic data capture in clinical trials

                                                                                                                                12

Appendix D
Mobile client/server configuration and future terminals

Source: WAP-forum, webpage

Source: Symbian, webpage


