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Despite the widespread use of information technology and communication advances in
the pharmaceutical industry, there are still some steps of the clinical process, such as
clinical data collection, that do not take advantage of this technological revolution. In
order to verify if a new technology such as the Internet could both speed data capture
and improve the overall quality of data, the Italian Glaxo Wellcome company and IBM
have cosponsored a pilot project called CLINical Trial & Research Management via
InterNET (CLINT&RNET). Within this joint project, IBM has devel oped the data capture
Internet application and Glaxo Wellcome has handled the clinical and organizational
aspects, always in compliance with regulatory laws. This paper summarizes the technical
aspects of the project.
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INTRODUCTION

THE CLINICAL DEVELOPMENT of a
drug is a complex and costly process which
must be conducted under numerous bonds
and regulations. Monitoring clinical studies,
in particular, data management, is quite de-
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Wellcome Sp.A., via A. Fleming 4, 37100 Verona,
Italy.

manding, both in terms of the time required
and the human resources dedicated to this
process.

Pharmaceutical companies have been try-
ing toimprovethe overall quality, timeliness,
and efficiency of their clinical development
processes. Information technology offers
them an opportunity to do so. In fact, the
pervasive presence of innovation due to in-
formation technology is changing the way
we work, frequently faster than we would
like. Over the last few years, technology
companies have proposed many exciting

1061



1062

tools to clinical trial management and data
management to improve clinical data cap-
ture: interactive voice response, faxed and
scanned optical image data capture, smart
phones, PC-based remote data entry, and the
Internet.

Glaxo Wellcome S.p.A. (GW) in Italy and
IBM have launched CLINical Tria & Re-
search Management via InterNET (CLINT&
RNET), an application to remotely manage
clinical trials and capture all patients data
viathe Internet. This project must answer the
following questions:

* Isit possible to concentrate the case report
form (CRF) design, database set-up, and
dataentry screen programming for thethree
phases into one faster step?

* Ismanua input to the Internet by the inves-
tigator the most appropriate method both
for data collection and to increase the in-
vestigator’s responsibility for delivering
accurate information? and

« Does this web application allow the spon-
sor to follow the qualitative and quantita-
tive progression of the clinical trial online?

A randomized, double-blind, Phase 111,
multicenter trial, FLIC14, was used to test
the hypothesis of system development. The
study objective was: “To evauate if adding
salmeterol 50 pg bid to low-dose fluticasone
propionate (100 pg bid) or using a higher
dose of inhaled fluticasone propionate
(250mcg bid) ismore effective than low-dose
inhaled fluticasone propionate alone (100 pg
bid) on pulmonary function and inflamma-
tory markers of induced sputum in naive pa-
tients with mild to moderate asthma poorly
controlled with one-month of therapy with
low-dose fluticasone propionate (100 ug
bid).” Seven investigators were charged with
recruiting 100 patients to be treated for six
months. All investigators used the hardware
and the Internet connection available at their
clinical center.

This study involved managing a large
quantity of data. FL1C14 consists of 10 visits,
one follow-up visit, and a withdrawal visit,
along with three special sections: to collect
laboratory data, for concomitant medica
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tions, and for adverse eventsreporting. Thus,
there are 15 visits/sections, which translates
into 320 fields plus 13 for each concomitant
medication and 15 for each adverse event.

IBM developed the application based on
the ad-hoc paper system designed by the GW
Data Management team. It was tested and
validated by both IBM and GW and was
loaded on the IBM server based in Milan.
All parties (investigators, and GW clinical
monitors and clinica data managers) re-
ceived adequate training and access to the
server, according to their level of authority,
by specific passwords.

Since the trial is still ongoing, it is too
early to discuss results. This paper focuses
on the technical solution adopted, which is
working very well and appears to be compli-
ant with regulatory requirements.

METHODS

The general architecture (Figure 1) of the
application developed by IBM is based upon
the classical World Wide Web (1) two-tier
model, where web clients access the applica
tion, located on a web server, with an ordi-
nary Mozilla-compatible web browser pro-
gram.

The web server runs on a set of common
gateway interface (CGI) (2) programs, writ-
ten primarily in the Perl (3) programming
language and backed by a simple relational
database management system (RDBMYS) en-
gine. Additional JavaScript™ (4) code em-
bedded in the HTML forms is used to carry
out data validation checks on the client side.

We decided to use this time-honored ar-
chitecture after having verified the clumsi-
ness, inefficiency, poor scalability, and plat-
form-specificity of a pure Java’ approach,
where it was virtually impossible to ensure
consistent behavior across different Java’
implementations on client browsers. On the
World Wide Web server side, the leading web
server, Apache (ssl-Apache) (5), which is
widely available, was used.

The key criteriato achieve the final prod-
uct were;
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FIGURE 1. The CLINT&RNET flow chart by Carlo Strozzi of IBM Network Services.

Compliance with regulatory guidelines:
The application has a security system that
prevents unauthorized access to the data-
base, an audit trail log which documents
data changes, and a list of the individuals
who are authorized to make data changes.
All data are adequately backed-up. Due to
the nature of the data being sent back and
forth between the web server and theinves-
tigators, security of the application was not
an option. Data flow confidentiality has
been ensured by the use of the Secure
Socket Layer (SSL) communication proto-
col; we decided to use thewidely available,
cryptographicaly strong open source (6)
version of SSL, SSLeay (7). Thiswas cho-
sen because the development teamis based
in Australia and SSLeay is not subject to
export restrictions,

Ability to move between the GW Clinical
Trial Data Management Database and the
Internet: All CRF data on the web server
are stored in ASCI | fileswhich can be eas-
ily extracted and transferred from the IBM
server to the GW Clinical Trial Data Man-
agement Database (CTDMD). This strat-
egy of implementing only the data acquisi-

tion and validation front-end on the World
Wide Web platform eliminates the need to
replicate online the complex data process-
ing process aready performed by the
CTDMD,

Openness: The entire application is based
on the UNIX Operating System (8), which
offers the required degree of flexibility.
Many handy open source programs and
tools are available for free downloading
from the Internet. Specifically, the current
version of the system runs on the Linux
operating system, a free UNIX clone that
is rapidly gaining in popularity over both
traditional UNIX platforms and other op-
erating systems (9),

Database back-end: The database engine
isNoSQL (10), asimplerelational database
management system for UNIX (open source,
and free of charge, software developed by
Carlo Strozzi), with no arbitrary limits other
than memory and processor speed, and
Flexibility: The e-CRF system is com-
pletely customizable through external
ASCI| tables (in NoSQL format), with no
need to change the central programs on the
web server (CGI programs) to add more
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functionalities, variables, checks, or other
features.

The main steps in setting up the electronic
CRF (e-CRF) with this application will be
outlined in general terms. The table which
contains CRF-related variables is the most
important table. Itsroleisto define all neces-
sary variables, and to describe them and other
associated attributes, such as the list of per-
mitted values. The HTML forms which con-
stitute the actual e-CRF can be designed just
asif they were ordinary paper CRF sections,
with readily available tools, such as word
processors, preferably with the ability to ex-
port documents in HTML format.

Variables, alongside the queries, can be
added by following the simple syntax re-
quired by CGI programs(ie, few ASCI | char-
acters) to the resulting HTML pages. This
can also be done in a subsequent step, by
means of an ordinary text editor (such as
Notepad) and, if necessary, by someone other
than the form designer. An HTML page may
also refer to variables that belong to a differ-
ent form, to allow the CGI programs on the
web server to carry out consistency checks
across different pages/visits. JavaScript pro-
grammers can then add the relevant code to
the web pages, to perform the necessary vali-
dation checks on the client side when the
forms are filled out by the investigators.

Finally, another NoSQL tabl e defines web
user |Ds and passwords for the subjects in-
volved, such as investigators, clinical moni-
tors, and clinical data managers. These IDs
and passwords are the credentials used by
the web server to decide who does what,
depending on how the client has authenti-
cated himself upon connecting to the server.

CONCLUSION

The deployment of stock Internet tools has
resulted in a final application which is both
effective and low-cost. It can be successfully
adopted by small research groups where
funding may be scarce, and by large organi-
zations where the availability of the source
code allows for extensive customization and
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the ability to easily fix problems. The adop-
tion of open source software makes operating
and modifying the system substantially less
expensive than using proprietary systems, as
the program source code is widely available
and program licensing allows use at no
charge.

The proposed two-tier model isvery func-
tional for the relatively small amount of pro-
cessing needed to scan an electronic CRF
page on the web server. Should the need for
heavier processing arise, however, the sys-
tem can easily be extended into a three-tier
architecture, that is, into an application
server, by backing the CGI programs with a
robust batch processing system. This is the
approach taken by some well-known CPU-
and memory-intensive web applications,
such asthose used for DNA sequencing anal -
ySiS.

These technological developments make
new things possible. The Internet represents
the natural evolution of the data capture. As
with all new technologies, however, the In-
ternet could be subjected to excessive hype
but even if its use in clinical data collection
proves not to be advantageous, these oppor-
tunities need to be fully explored. At present,
the Clint&rnet site is hosted on an IBM
server at the following address:

http://Clinternet.glaxowellcome.it
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