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Application of Technology n

Electronic Clinical Trial
Protocol Distribution via the
World-Wide Web: A
Prototype for Reducing
Costs and Errors,
Improving Accrual, and
Saving Trees

LAWRENCE B. AFRIN, MD, VALARMATHI KUPPUSWAMY, BE, BARBARA SLATER, BS,
ROBERT K. STUART, MD

A b s t r a c t Clinical trials today typically are inefficient, paper-based operations. Poor
community physician awareness of available trials and difficult referral mechanisms also
contribute to poor accrual. The Physicians Research Network (PRN) web was developed for more
efficient trial protocol distribution and eligibility inquiries. The Medical University of South
Carolina’s Hollings Cancer Center trials program and two community oncology practices served
as a testbed. In 581 man-hours over 18 months, 147 protocols were loaded into PRN. The trials
program eliminated all protocol hardcopies except the masters, reduced photocopier use 59%,
and saved 1.0 full-time equivalents (FTE), but 1.0 FTE was needed to manage PRN. There were
no known security breaches, downtime, or content-related problems. Therefore, PRN is a
paperless, user-preferred, reliable, secure method for distributing protocols and reducing
distribution errors and delays because only a single copy of each protocol is maintained.
Furthermore, PRN is being extended to serve other aspects of trial operations.
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Clinical trials are essential for progress in medicine,
but current operational methods typically are ineffi-
ciently mired in the movement of great volumes of
paper, a costly approach from many perspectives.

Affiliation of the authors: Division of Hematology/Oncology,
Department of Internal Medicine, Medical University of South
Carolina, Charleston, SC.

This research was partially done under a cooperative agree-
ment between the National Institute of Standards and Technol-
ogy’s Advanced Technology Program (under the Healthcare
Information Infrastructure Technology contract, number
70NANB5H1011) and the HealthCare Open Systems and Trials,
Inc., consortium.

This work was previously published in abstract form and pre-
sented at the Spring 1996 Congress of the American Medical
Informatics Association, Kansas City, Missouri, June 7, 1996.

Correspondence and reprints: Lawrence B. Afrin, MD, Division
of Hematology/Oncology, Room CSB903, Medical University of
South Carolina, 171 Ashley Avenue, Charleston, SC 29425.

Received for publication: 7/3/96; accepted for publication:
8/26/96.

Poor accrual rates also contribute to high costs by pro-
longing trials; poor mechanisms for making commu-
nity physicians aware of trials at nearby centers con-
tribute to the accrual problem. We developed a
Web-based system, the Physicians Research Network
(PRN), to facilitate intramural paperless protocol dis-
tribution. Also, PRN aims to boost accrual by facili-
tating community physicians’ inquiries about avail-
able trials. This paper describes the process of
developing PRN and the summary usage data from
the first four months of operation. Finally, PRN is
compared to other Web-based protocol distribution
systems, and plans for the expansion of PRN to other
aspects of clinical trials are described.

Background

Operational methods for clinical trials are well stan-
dardized and have changed little over the last 25
years.1,2 Within each trial center, significant opera-
tional resources are expended on protocol distribution
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F i g u r e 1 PRN Production System Components. Workstations running Web browsers (e.g., Netscape Navigator,
Microsoft Internet Explorer) have high-speed campus Ethernet access or slower dial-up access (via the Xylogics
MicroAnnex remote communications server) to the PRN Web, comprised of identically configured, Intel Pentium-based
primary and ‘‘hot spare’’ backup servers from Dell (on different subnets) running O’Reilly & Associates’ WebSite as a
Web server package on top of Microsoft Windows NT 3.51. Octopus Technologies’ Octopus package keeps the backup
protocol database in sync with the primary one. If the primary server fails, Octopus immediately switches the backup
into service; users’ access to PRN is affected only by workstation, workstation subnet, or backbone failures, not by
server or server subnet failures.

to all points where this information is needed. For
multicenter trials, protocols and their updates are first
distributed to main members, and redistribution to a
subnetwork of affiliate centers may also ensue. Inter-
group trials add another level of scaling.

Protocol distribution involves a veritable blizzard of
paper. Information in protocol version #N can be
made obsolete by version #N11 soon after the last
copy of version #N is distributed. Current paper-
based protocol distribution methods cause many
problems: delays in protocol information reaching reg-
ulatory bodies and front-line personnel; errors in doc-
ument copying and distribution; and significant labor
and materials costs.

Furthermore, despite substantial resources invested in
trials, trial progress usually is slow due to poor ac-
crual rates, typically less than 3% of all potentially
eligible patients at time of diagnosis.3 – 6 Physicians are
generally aware that outcomes are usually improved
by participation in trials7 – 12 but frequently do not

know of trials available at nearby centers.3,6,13 – 16 Im-
proved protocol distribution methods and heightened
awareness of trials should speed trials and decrease
errors and costs. Electronic systems likely will be the
foundation of these improvements because of their
speed and other factors. The National Cancer Insti-
tute’s PDQ system was an early effort in this area,
providing summary information about cancer trials.17

Previous electronic systems for distributing trial in-
formation have suffered from limitations in infor-
mation quantity and quality, poor accessibility, and
difficult interfaces for end users.18 – 20 Many newer
systems are based on the World-Wide Web (e.g., in-
stitutional systems such as at Thomas Jefferson
University21 and the National Institutes of Health,22,23

and systems of broader scope such as CenterWatch24).
While easier to use, some new systems still suffer
from many of the same problems, such as infrequent
updates and availability of only summary information
about available trials. A few oncology cooperative
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groups, such as the SouthWestern Oncology Group
(SWOG), now have Web-based methods for distrib-
uting protocols in their entirety,25 although the meth-
ods used have some limitations (see Comparisons, be-
low).

We developed a new Web-based protocol distribution
system (PRN) that addresses these issues of informa-
tion quantity, quality, and accessibility. We used the
Medical University of South Carolina’s (MUSC) Holl-
ings Cancer Center’s Clinical Trials Program as a test-
bed, although the system’s design is not specific to
cancer trials. Also involved in the testbed were phy-
sicians and other staff from selected South Carolina
practices. These practices had a history of referring
patients for trials at our cancer center, and they were
interested in easier methods of identifying available
trials and referring patients.

When the project was begun in September 1994, no
academic or commercial systems meeting our design
objectives existed (a situation we feel persists today).
Also, no advanced Web development tools existed
(e.g., HTML editors or middleware for interfacing
Web servers and databases), limiting the sophistica-
tion of the system’s initial design (an issue currently
being addressed with the addition of such features as
version control). On the positive side, however, our
institution’s extensive information technology (IT) in-
frastructure already was widely Web-enabled or Web-
capable, eliminating the potential problem of inade-
quate intramural access to the protocol library.

Design Objectives

Ultimately, PRN intends to be a comprehensive set of
automation tools for clinical trial operations. For the
initial phase of development, we focused on protocol
distribution. The IT field is littered with examples of
proprietary document distribution systems that have
fared poorly over time for many reasons (e.g.,
FrameMaker, InterLeaf, BookReader, Envoy, Common
Ground, and Replica). We wanted to avoid their de-
ficiencies and develop an open-standards–based,
platform-independent system that would be applica-
ble to all types of trials on all scales (e.g., single-center
trials, multi-center trials, intergroup trials). Ease of
maintainability and use, reliability, security, speed,
and cost-effectiveness also were considered impor-
tant. Because methods of version control meeting our
design objectives were not available early in the sys-
tem’s development, we were able to provide users
with a guaranteed current version of each protocol
but not any older versions. With new tools recently
created for Web development purposes, this defi-
ciency is now being addressed.

Based on trends in the development of the World
Wide Web over the year prior to project inception, we
felt a Web-based system would be the best distribu-
tion platform, allowing a trial center to eliminate all
hardcopy distribution and maintain only a single, cen-
tral, fully hyperlinked copy of each protocol, thus giv-
ing all staff involved in trials rapid access to any part
of any protocol. Furthermore, community physicians’
workstations could be configured for ‘‘one-click’’ ac-
cess (via modem) into the protocol library’s home
page, providing an easy means of discovering avail-
able trials and facilitating rapid eligibility inquiries
through semi-automatic means (described below).

System Description

Web Server and Protocol Library Construction

Initially, a small prototype system was developed as
a feasibility study of whether Web technology could
be used in the fashion proposed. As attention shifted
to production system design issues such as reliability
and security, an optimal set of production system
components was identified (Fig. 1). All hardware and
software components were selected for their reliability
and are protected by a variety of backup, monitoring,
and alarm systems. The servers, which are on differ-
ent subnets, are configured so that, if the primary
server ever fails, the backup server automatically and
immediately begins functioning as the primary server.
Thus, users are not affected by server failures or fail-
ures of the primary server’s subnet. (Global campus
network failures still render PRN inaccessible, though
additional failsafes are being developed, as mentioned
below.) Security has been implemented via O’Reilly &
Associates’ (Sebastopol, CA) WebSite Web server fa-
cilities for restricting access by user identity and lo-
cation; further security is provided by a separate user
identity check at the Xylogics (Burlington, MA)
MicroAnnex dial-up entry point as well as by other
mechanisms.

Due in part to the novelty of the system, we were
unable to obtain electronic sources for most of the pro-
tocols. Therefore, via the process shown in Figure 2,
we loaded all of our active oncology protocols (for
local, industry, and group trials) from their paper
sources into HyperText Markup Language (HTML)
format in the server, with each protocol section rep-
resented as a single HTML page. A procedure for han-
dling protocol updates has been in place in the trials
program from the beginning of the PRN project to
ensure that protocols already loaded are maintained
to be current. Protocols and updates are processed
within 24 hours of receipt (or regulatory approval, if
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F i g u r e 2 Protocol Loading Process. Protocol hardcopy is fed through an Envisions Env24Pro scanner. Scanned images
of text are converted by the Optical Character Recognition process into text, after which editing tools are used to correct
OCR errors and insert HyperText Markup Language (HTML) coding to instruct the browser how to display the text.
HTML coding includes hypertext linking of all of the protocol’s internal references (e.g., literature references, ‘‘See
section . . .’’ references, etc.). Graphics are handled separately from text. Each graphic image’s resolution is reduced to
a reasonable lower limit of readability to decrease downloading time when the image is being retrieved through a
(relatively low-speed) dial-up connection to the Internet. Graphics are stored (separately from their associated HTML
pages) in Graphics Interchange Format files, displayable by all graphics-capable Web browsers. The HTML pages
reference the GIFs as in-line graphics so that, when the page is displayed, associated graphics are automatically shown,
too. In the PRN web, each protocol section comprises a single HTML page regardless of the section’s hardcopy length.
A protocol’s HTML pages and GIF files are stored in a unique directory allocated for the protocol in the Windows NT
file system. The protocol ‘‘database’’ is this set of protocol directories. Protocol indices, including the full-text search
index, are updated after a protocol has passed review.

required). As a safety net, monthly cross-checking be-
tween IRB approval records and the protocol library
is also performed to ensure the clinical trials program
has not neglected to inform the PRN library manager
of a protocol or an update. Because of the limitations
in current OCR technology, introduction of errors into
the electronic protocols was a significant concern,
which we addressed by mandating a careful primary
manual review of OCR output, particularly numerical
data such as all dosages. After a primary review of
each protocol, a random sample of ten paragraphs
and ten hyperlinks is again reviewed by a second re-
viewer, who for training reinforcement purposes no-
tifies the primary reviewer of each error caught. Er-
rors of more significance than obvious typographical
errors trigger a more thorough secondary review.
Each Web page produced includes instructions in how
to notify the protocol library manager if an error is
found. Of note, reviewers found frequent typograph-
ical errors in the source hardcopy protocols. In the
future, access to electronic protocol source documents
will significantly decrease the 4 hours of labor re-
quired on average to completely load a protocol when
starting from the hardcopy. We already are seeing in-
creased cooperation on this issue from authors of local
protocols. Both our IRB and our cancer center trials
program, which has its own pre-IRB protocol review
and approval process, are now considering establish-

ing electronic protocol submission as a prerequisite
for the regulatory review and approval process.

Several indices into the protocol database were cre-
ated, including a disease-oriented index, an index by
protocol source, an index by protocol identification
number, and a searchable index of the full text of all
protocols. While standardized vocabularies were not
used in the disease-oriented index because of the rel-
atively few diseases studied by the protocols in this
pilot, such an approach would be valuable as PRN is
expanded to include more protocols and to specialties
other than cancer. Due to the aforementioned absence
of advanced Web-development tools during the early
development of PRN, the protocol indices currently
are hard-coded in HTML. New tools facilitating plat-
form-independent integration of Web servers and da-
tabase management systems are now allowing us to
develop a database-based approach to protocol library
management. This approach provides much greater
flexibility and easier library maintenance through
such features as dynamic index creation, version con-
trol, and a Web interface to library management func-
tions.

All personnel needing access to protocol documents
were identified, assigned access codes, and trained in
use of the Netscape Web-browsing software.
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F i g u r e 3 PRN trial eligi-
bility inquiry process.

Provision of PRN Access to Selected
Community Practitioners

For the pilot, three group practices (consisting of nine
oncologists, three general practitioners, and six ancil-
lary staff) in our institution’s referral cachement area
agreed to serve as test sites for community-based
access to the server. For the different computing en-
vironments (Windows 3.1, Windows 95, Macintosh,
OS/2) used by these physicians, we designed a set of
packages consisting of inexpensive or free software
that provides a modem-equipped computer access to
the Internet; a mouse click on a displayed icon estab-
lishes the connection, launches Netscape, and displays
the ‘‘home page’’ (principal entry point) for PRN. All
security checkpoints but one are negotiated automat-
ically; the user is not aware of such processing as long
as he or she is operating in an authorized environ-
ment. The only checkpoint the user sees is a request
for the PRN access code when proceeding beyond the
home page. The local authentication procedures cur-
rently used may be replaced or supplemented by
more secure verification/authentication servers in the
future.

Each community-based user was required to sign an
agreement prohibiting release of protocol information
and ad hoc clinical use of protocol treatments. Then,
PRN access was installed on desktop, laptop, office,
and home computers as desired by the practitioners.
We also developed a method (Fig. 3) for the commu-
nity user to inquire via PRN whether a patient is
eligible for a trial or whether a trial is available for a
patient. Traditionally, the community user would be
deterred from such inquiries by the typical need for
several phone calls to identify the appropriate data
manager or investigator. With PRN, the user makes

the inquiry and lets the system identify and notify the
appropriate staff member, who, desirous of improving
accrual, quickly contacts the user to further discuss
the inquiry. This approach clearly is not as sophisti-
cated as current state-of-the-art eligibility determina-
tion systems. For two principal reasons, the PRN eli-
gibility inquiry mechanism was purposely not
designed as a fully automated approach (i.e., match-
ing submitted patient characteristics against a data-
base of eligibility criteria and immediately informing
the inquirer of an ‘‘eligible’’ or ‘‘ineligible’’ result).
First, we believed eligibility determination occasion-
ally requires human discretion, and we did not want
an automated process that might reject a potential
trial candidate through overly strict interpretation of
eligibility criteria. Second, we believed there was val-
uable goodwill to be gained through the system’s
promising a referring provider a rapid contact in fol-
low-up to an inquiry and then keeping that promise.

Access logfiles maintained by WebSite and the
MicroAnnex were processed and analyzed using
WordPerfect, Microsoft Excel, and Visual Data.

Status Report

Production hardware and software cost $48,443, but
this included approximately $10,000 in material ob-
tained specifically for development, not production,
purposes. (Also of note is that the processor, memory,
and storage capacities purchased were much higher
than needed just for the pilot described in this study.
The specifications were derived from necessarily very
rough estimates of system demand if all of the Med-
ical University of South Carolina’s clinical trials pro-
grams were to make use of PRN.) From September
1994 to January 1996, three workers (VK, LA, and BS)
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Table 1 n

Breakdown of PRN Users and Usage; Types

Type of User

Number
of

Registered
Users

Number
of

Actual
Users

Percentage of
Total System

Use by
Actual Users

(%)

Physician 41 20 36

Nurse 60 31 15

Clinical trials office
personnel

21 9 15

Pharmacist 66 18 17

Miscellaneous 25 6 17

Totals 213 84 100

Terms: Physician: any user with an MD, PA, or NP degree in-
volved in the care of our cancer trials patients. Nurse: any sim-
ilarly involved office- , clinic- , or hospital-based user with an
RN or LPN degree. CTO personnel: any user employed in the
Clinical Trials Office of our cancer center or the CTOs of the
participating community practices. Pharmacist: any pharmacist
or pharmacy resident involved in the care of our cancer trials
patients. Miscellaneous: any user not in any other user category
(e.g., administrators).

loaded 147 protocols in 14 disease categories (e.g., 20
protocols for breast cancer, 49 for lymphohemato-
poietic malignancies, 17 for gastrointestinal malignan-
cies, 13 for lung cancer) into the protocol database;
most were input by a trained, part-time student
worker (VK) who spent 581 hours on the task from
January 1995 to January 1996. A full-time PRN li-
brary/system manager (BS) was hired in December
1995 and also assisted in the effort. Labor costs for the
complete protocol loading effect totalled $24,492 (in-
cluding fringe benefits; disproportionately weighted
by physician LA from September 1994 through Janu-
ary 1995). Additional labor costs for system develop-
ment (all LA, 50% effort) through January 1996 to-
talled $42,500 (including fringe benefits; again
disproportionately higher than normal Web develop-
ment costs because of the typical salary range of the
developer’s primary occupation).

In comparing costs of PRN versus the older, paper-
based system, we note that total labor previously
spent within the adult oncology clinical trials program
on photocopying and distributing protocols
amounted to 1.0 full-time equivalent at a cost of ap-
proximately $25,000 including fringe benefits. After
the roll-out of PRN, that FTE in its entirety was re-
directed to other tasks. Mean photocopier usage de-
creased 59%, from 14,957 pages per month in a 3-
month period prior to roll-out to 6,188 pages per
month in a similar period following roll-out, for a pro-
jected annual savings of over $2,200. Precise deter-
minations of cost-effectiveness, which would include
such factors as savings from decreased photocopier
wear and tear and benefits from increased availability
of protocol documents, were not performed in this
study.

The production system was installed and activated in
early June 1995 as we were nearing completion of
loading all the adult non-gynecologic oncology pro-
tocols into the database. After testing, we began to roll
out the system to all oncology trials personnel, offi-
cially ‘‘going live’’ on October 1, 1995. From August
1995 to February 1996, we also set up a total of 9 com-
puters and 18 users in three community practices for
access to the system (most of these users at one large
practice in February). Modem speeds ranged from
2,400 bits per second (bps) to 115,200 bps; even at
2,400 bps, PRN response time was acceptable due to
the near complete absence of graphical content. There
has been no known failure of server hardware or soft-
ware to date.

From September 1994 through January 1996, the PRN
Web server handled a total of 46,788 ‘‘hits,’’ or re-
quests for information. The majority of the hits were

from project staff for testing purposes. In our analysis
of actual production usage, we excluded hits on
graphic images (served separately from the pages con-
taining them) and hits from development and testing
staff, and we also excluded activity prior to roll out
of the production system to regular users. After these
exclusions, logfile analysis from June 1995 through
January 1996 showed 2,719 hits on protocol pages.
Hits initially averaged only 19 per week but acutely
increased to a mean of 144 per week (Fig. 4) when the
trials program, on November 1, 1995, destroyed the
ten paper sets of these protocols previously main-
tained at various sites around the institution.

A total of 213 users had been trained and given access
codes as of January 1996 (Table 1, Table 2). We believe
the categories of personnel represent what would be
expected to be a typical spectrum of production sys-
tem users. In particular, the community practices were
selected to include a large, sophisticated, trials-ori-
ented urban oncology group practice, a more typical
small, rural oncology practice, and a small rural hos-
pital-based general group practice; all practices had
preexisting referral relationships with our cancer cen-
ter and expressed interest in having access to the PRN
protocol library. Community users had made no eli-
gibility inquiries via PRN as of January 1996. Access
logs show 84 of the 213 authorized users (39%) used
the system at least once. Twelve users (5%) performed
a remote, dial-up access at least once. The Micro-
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F i g u r e 4 Protocol accesses per week.

Table 2 n

Breakdown of PRN Users and Usage: Locale

User Locale

Percentage
of

Registered
Users
(%)

Percentage
of

Actual
Users
(%)

Percentage of
Total System

Use by
Actual Users

(%)

MUSC-based user 85 95 97
Community-based

user
15 5 3

Totals 100 100 100

Annex dial-up server recorded 951 accesses for a total
access time of 427 hours since it was first activated at
the end of July 1995. As the MicroAnnex provides ac-
cess not to PRN specifically but to the Internet at large
(via the MUSC network) and does not log a user’s
specific activity on the Internet, it is not possible to
say what portion of the 427 hours was spent exam-
ining protocol material from the PRN web. Three
MUSC physicians accounted for 30, 35, and 85 hours
of dial-up use (over 49, 89, and 108 accesses), and 3
community-based physicians accounted for 22, 23,
and 55 hours of use (over 59, 66, and 128 accesses).
Physician-users usually spend 20–25 minutes online
in each dial-up session.

Discussion

Current, accurate protocol information must be con-
veniently and quickly available to all personnel in-
volved in clinical trials. Standard clinical trial meth-
ods provide for paper-based protocol distribution,
causing delays, errors, and significant expenditures.
We felt replacement of the paper-based system with
an electronic one based on the Internet would be help-
ful.

The Web today is the principal method for publishing
and retrieving information across the Internet27 and is
an advantageous environment for protocol distribu-
tion because only a single master copy of a protocol
need be maintained. Furthermore, security can be ap-
plied so that only authorized personnel can retrieve
information on protocols whose authors request re-
stricted distribution.

Round-the-clock accessibility to protocol information
is critical. Protection of protocol information against
unauthorized access is equally important. Thus, reli-
ability and security were paramount considerations in
the process of designing our system. Operational sim-
plicity, flexibility, high-speed performance, and cost
were secondary but still significant design issues.

Security

Numerous security features provide more protection
against unauthorized access to protocol information
than current paper-based systems. No other Web sites
have links to PRN, and Web indexing robots are pro-
hibited access; authorized users’ browsers are set up
with bookmarks to reach PRN. Community users
must sign the agreement described above (see Meth-
ods), and they are funneled through a secure access
point to reach the PRN home page. All users are scru-
tinized by the server for location; access attempts from
unauthorized locations are rejected. Current measures
provide more security than in the paper environment;
we have not yet determined a need to encrypt PRN
transmissions, though encryption will be desirable
when PRN is enhanced to manage patient-specific
data (such as for on-line trial data collection).

Simplicity

All aspects of the system’s daily operation were de-
signed to be as simple and automated as possible to
avoid needing a trained computer technician to man-
age the system and to facilitate our ability to package
the system and distribute it to other centers interested
in pursuing the same path. To this end, Windows NT
Server provides a familiar filesystem and graphical
user interface. WebSite provides convenient Web
server management tools. All PRN documents are
stored as simple files within the native Windows NT
filesystem, rather than involving more complex da-
tabase packages. Images are stored in formats that can
be displayed by all Web browsers. We use only very
basic HTML coding, which adheres closely to the de-
fined HTML standard.28 All routine system mainte-
nance tasks are highly automated, such as generating
new user access codes, backing up disk storage de-
vices onto tape, generating system usage reports, and
archiving access log files.
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Room for improvement exists in the process for load-
ing protocols into PRN: loading from paper form by
document scanning and OCR requires at least twice
as much time as loading from electronic form. The
labor required to build the protocol database is di-
rectly related to the number of protocols to be loaded
and their form (paper versus electronic). As previ-
ously mentioned, improvement is also possible in the
procedures for managing the protocol library; newly
available Web development tools are assisting our ef-
forts in this area. An increasingly sophisticated pro-
tocol library management system will facilitate future
enhancements such as automated tracking of patients
through their study calendars (including automated
order entry), Web-based data reporting and collection
systems, and development of a layman-oriented ‘‘par-
allel’’ library of information on available protocols.

Performance

Server performance has been excellent, with periodic
monitoring showing reserve capacity sufficient to ac-
commodate 2,000 times the current activity. Further-
more, should server performance fall unacceptably as
workload increases, the system can accommodate ad-
ditional and/or faster processors, memory, storage,
and network hardware.

Performance is more of an issue at the user level,
where older workstation hardware that is fundamen-
tally inadequate to support fast Web browsing can be
frustrating. For the user who solely accesses PRN, the
only significant delay on such systems is the initial
15–30 seconds for launching Netscape. From then on,
performance is always adequate because PRN docu-
ments are short and almost always free of graphic im-
ages. Performance in low-end systems usually bene-
fits most by increasing workstation memory, followed
by upgrading to a faster processor if necessary. Faster
network connections are not needed for PRN but may
improve access to other, graphics-intensive Web sites.

Costs and Savings

Materials costs for implementing PRN today for a sin-
gle trials program would be less than we encountered
due to steadily falling hardware and software prices
and lower processor, memory, and storage capacities
than we required to handle the estimated needs of the
many trials programs we projected will eventually use
our pilot system. Labor costs stem almost exclusively
from loading and maintenance of the protocol data-
base, tasks which can be accomplished by secretarial-
level personnel. In our experience, the production op-
eration has rarely required attention from technical
personnel. Still, a PRN implementation for a single
trials program might not be cost-justified for a pro-

gram smaller than MUSC’s cancer clinical trials pro-
gram.

Although a formal cost–benefit analysis was not a
part of this study, the production operation of the
PRN pilot does not appear to cost significantly more
than the previous paper-based protocol distribution
operation. Hardware difficulties requiring expensive
repairs could have altered this situation if we had en-
countered such problems. If PRN is managed as a
shared resource (hardware, software, and personnel)
among multiple trials programs (e.g., perhaps oper-
ated by the institution’s IRB), then the cost per pro-
gram could be reduced. After the initial protocol li-
brary is built for any one trials program, only a
portion of the library manager’s time is needed to
maintain that library, allowing a single manager to
maintain the libraries of multiple programs. Further-
more, the resulting per-program cost is potentially re-
coverable through industry trial case management
fees or other sources of indirect funding used to sup-
port clinical trial operations. (PRN might even help
generate higher per-case fees by being represented as
an effort to market industry trials to community
physicians—and thus attempting to improve industry
trial accrual.) We believe much of an institution’s pro-
tocol maintenance cost will be eliminated if coopera-
tive groups and industry trial organizations embrace
the PRN concept (see Expansion and the Future, be-
low).

Outcomes

Results from early use of PRN are encouraging but
must be considered preliminary in view of the short
period of data collection. In the first 4 months of pro-
duction use, we received no negative feedback from
internal or external users despite frequent, repeated
polling. There were no complaints of large sections
missing from, or outdated in, the protocols, a signifi-
cant change from the paper-based system. The 1.0 FTE
spent previously in protocol copying and distribution
was redirected to more productive tasks, but system
management did require an additional 1.0 FTE. Pho-
tocopier usage dropped 59%, although this was offset
by hardware and software costs. Users of protocol
documents felt more secure that the version of the
protocol they were retrieving from the server was
completely current, reaping slight additional labor
savings by not having to confirm the accuracy of the
material being reviewed before acting on it.

Although we demonstrated the technical feasibility of
providing non-computer–sophisticated users ‘‘one-
click’’ access to the Web from a spectrum of personal
computing equipment, we believe the chief outcome
of the extramural deployment was that these physi-
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cians and their staff actually used the access regularly.
The lack of eligibility inquiries and accrual impact
from the extramural testbed was not surprising, given
the limited scope of the deployment, the short eval-
uation period, and the novelty of on-line inquiries to
users long used to making inquiries via a series of
telephone calls.

The disparity between MicroAnnex usage and PRN
Web usage by the community practitioners suggests
they were using their dial-up access method more as
a means of general access to the Internet than to PRN
specifically. We have encouraged this behavior, as we
believe that practitioners familiar with information re-
sources on the Internet will be able to use this knowl-
edge to deliver improved patient care.

Other than some logistical delays in scheduling inser-
vice training sessions and community installations, no
significant problems were encountered in the pilot.
The technology has functioned with no known fail-
ures to date.

Although any document, paper or electronic, that was
originally composed by human hands is subject to the
introduction of human error, we were very concerned
about the possibility of introducing additional error
during the paper-to-electronic-document conversion
process. We implemented procedures we felt would
ensure accuracy to an acceptable degree. To date,
there have been no reports from users of errors in our
electronic protocol library. Even if errors (original or
new) are present in the electronic protocol, the nu-
merous existing checks and balances in our system
(the attending physicians, fellows, trial coordinators,
pharmacists, and nurses and the institutional proce-
dures they are all supposed to follow) would likely
cause gross errors to be caught before a patient could
come to harm or would allow possibly harmed pa-
tients to be identified to facilitate follow-up evalua-
tion. However, it is unlikely that the error rate (orig-
inal or new) will ever be zero or that the error
detection rate (original or new) will ever be 100%.
Further discussion of these matters is beyond the
scope of this paper. However, it is clear that assimi-
lation of a protocol into the PRN library from the pro-
tocol’s original electronic source would be far prefer-
able to our current method, not only for improving
accuracy but also for reducing labor.

Data regarding PRN continue to be collected; a more
rigorous assessment will be performed after the sys-
tem has been in production use for a year.

Comparisons

As noted previously, some centers are using the Web
to distribute summary information about their avail-

able clinical trials, and there is at least one organiza-
tion attempting to develop a Web-based clearinghouse
of summary information on trials available at a num-
ber of centers.24 However, when we recently reviewed
this database, it was far from complete and was al-
ready having problems with information currency.

The SWOG protocol library became available on the
Web within a few months of ours.25 More recently,
other cooperative groups also have begun using the
Web to distribute protocols to member sites.29 – 31 How-
ever, these groups bundle each protocol into a single
file typically stored in plain-text (ASCII) format (typ-
ically 50–150 kilobytes in size) or Portable Document
Format (PDF) (typically 1–3 megabytes in size). The
former requires the user to download the entire file
to see the desired section or page. The latter previ-
ously required the same approach, but in PDF’s latest
incarnation using byte-ranging technology, the user
now can download just the page(s) of interest. How-
ever, because it represents each hardcopy page as a
distinct electronic page completely identical in ap-
pearance to the hardcopy original, the PDF-coded
protocol can require more time to browse than an
HTML-coded protocol in which each section of the
protocol exists as a single HTML page (typically 1–
10 kilobytes in size). Also, most cooperative groups’
protocol libraries currently do not feature internal ref-
erence hyperlinking, a feature we believe facilitates
users’ efforts to find specific items of information. Our
library also supports full-text searching, a feature that
might be difficult to implement if poorly legible hard-
copy originals are stored in PDF files. (Text that can-
not be recognized by PDF technology as such is in-
stead stored in the PDF file as a graphic bitmap and
thus cannot be included in a full-text search index;
however, this limitation is irrelevant if all protocols
are available from electronic masters and legibility is
not an issue.)

We felt that minimizing the time to download and
peruse a protocol section would facilitate a model in
which, every time the user needs protocol informa-
tion, he or she can reference very promptly the lone
master version of the protocol (guaranteed accurate
and current) instead of a previously downloaded and
questionably trustworthy copy. Although in its cur-
rent pilot implementation PRN’s group and industry
protocols are not truly ‘‘master versions,’’ in the group
implementation the user of a group protocol at the
local center would retrieve the true master protocol
from the group server, not the local server (see below).
Because of the speed advantages of HTML over PDF,
together with the immaturity and uncertain future of
PDF technology when we started this project in 1994,
we chose HTML coding at the time and still feel
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HTML is the preferable choice for this application.
However, the Web’s fundamental reliance on Multi-
purpose Internet Mail Extensions (MIME) typing for
notifying a browser of a downloaded document’s for-
mat allows PRN to simultaneously accommodate dif-
ferent electronic protocol coding formats for different
protocols.

Expansion and the Future

There are many opportunities for expanding PRN to
clinical trial operations in areas other than oncology
and in other institutions. The system can serve all
community practitioners interested in contributing
patients to studies. Also under development are ver-
sion control mechanisms, allowing access to older ver-
sions of the protocol when necessary, and additional
protocol distribution failsafe mechanisms, such as au-
tomated fax-on-demand and text-to-voice systems.

Although PRN eliminates an individual trial center’s
need for multiple protocol copies, it is also very ap-
plicable to the multicenter trial environment (e.g., co-
operative groups such as the Cancer and Leukemia
Group B and SWOG). To make our pilot a practical
system, we had to load into it all of our oncology
protocols: local protocols, industry protocols, and co-
operative group protocols. Clearly, if this same system
is implemented at another institution, then that insti-
tution, too, would have to load all of its local, indus-
try, and group protocols. This duplication of industry
and group protocols is the antithesis of the Web. If
each industry sponsor and group were to implement
PRN, a group’s server would contain all of the
group’s protocols, an industry sponsor’s server would
contain all of the sponsor’s protocols, and the trial
center’s server would only have to contain the cen-
ter’s locally originated protocols. Then, each center’s
protocol index would link listings for local protocols
to the local database, listings for group protocols to
the appropriate group databases, and similarly for in-
dustry protocols, all but eliminating protocol copying
and distribution. Each time a protocol update is nec-
essary, only the single copy in the protocol sponsor’s
server need be updated. Security arrangements are
more involved, since it would be desirable for a user’s
access code for the local server to also work for group
and industry servers. This arrangement requires a sys-
tem of trusted authentication servers. While such a
system is already available in the Windows NT en-
vironment through its domain trust model, a plat-
form-independent solution would be preferable.

In summary, we have described a new, relatively in-
expensive electronic clinical trial protocol distribution
system based on global technology standards, with

several advantages over the old, paper-based system,
including increased trials program efficiencies. Al-
though it is not documented in this study, we believe
electronic protocol distribution via the Web has the
potential for decreasing error rates in disseminated in-
formation and increasing accrual. We have had a sin-
gle oncology trials center pilot that has been well ac-
cepted by users, and we are pursuing several avenues
of enhancement and expansion. In these times of in-
creasing importance of clinical trials but decreasing
funding for them, the PRN system is an effective
method for helping to address this conflict.
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