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Abstract The objective is to determine the extent to which
information systems (IS) for cancer are unique and neces-
sary. Via an analysis of Medical Subject Headings used to
index relevant literature and other bibliometric techniques,
cancer IS are compared and contrasted with IS of other
specialties. Cancer IS are relatively little discussed and
primarily connect radiation equipment with the radiation
oncology staff. By contrast, clinical laboratory and radiology
IS are frequently discussed and connect specialized equip-
ment to the hospital. A “Specialty Need” model accounts
for these patterns and says that the “need for a specialty IS”
is proportional to the “uniqueness of the specialty tools”
plus the “degree to which the information from those tools
is needed throughout the particular health care entity.”
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Introduction

Health care informatics can be described in diverse ways [1].
One way is to look at various information technologies, such
as databases and networks [2]. Another way considers roles,
such as physicians and administrators [3]. Functions of health
care information systems (IS) include [4].

� administration, like accounting and scheduling,
� patient management, like medical record mainte-

nance and order entry,
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� general clinic support, such as laboratory or radiology
support, and

� specialty clinical support, such as oncology and car-
diology support.

Administration, patient management, and general clinic
support functions each correspond with well-recognized IS.
Under what conditions should a clinical specialty be sup-
ported by its own unique IS?

One of the earliest and best known oncology or cancer
information systems (CIS) was developed in the 1970s [5].
The CIS focused on cancer chemotherapy. As the system
aged, the question arose as to whether to continue to maintain
it or to switch to using the hospital IS [6]. This practical
problem leads to a generic question:

Does a cancer center need a CIS?
If one were to replace “cancer” with “radiology” or

“pathology,” then the answer would be yes [7]. However,
if one replaces “cancer” with “cardiology,” then the answer
is less clear. The question naturally rests in a complex setting.
For instance, cancer centers vary widely, from stand-alone,
giant cancer centers, to small clinics that are part of another
organization, and the software needs may vary.

This study focuses on the characteristics of CIS and tries
to establish through bibliometric means the extent to which
such systems are unique. Bibliometrics is the application
of mathematics and statistical methods to books and other
media of communication [8]. Scientometrics is the study of
the measurement of scientific and technological progress and
typically uses bibliometrics [9].

Bibliometric analysis

The bibliometric method uses empiric data from and quanti-
tative analysis of published literature [10]. Present-day bib-
liometric research is either [11]
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� basic research into bibliometric methods,
� bibliometrics for scientific discovery in a discipline,

or
� bibliometrics for management in which structures of

disciplines are assessed.

This study contributes to scientific understanding of the
discipline of medical informatics and management of health
care information systems. This study does not contribute to
bibliometric methodology.

First-order patterns

The bibliometric database in this experiment is MEDLINE
from the National Library of Medicine. MEDLINE contains
citations for millions of journal articles. Each citation is asso-
ciated with a set of Medical Subject Heading (MeSH) terms
that describe the content of the associated article. MeSH
is a thesaurus used for indexing articles and for searching
MeSH-indexed databases, in particular, MEDLINE [12].

Indexers for MEDLINE typically choose about a dozen
MeSH terms to represent a journal article [13]. About two
of these will be indicated as the principal focus of the article
by appending the attribute of “Major” to the term in the
indexing. A MEDLINE search can specify that articles are
returned for which a particular MeSH concept was a “Major”
concept in the article.

In the MeSH thesaurus hierarchy, the highest-level con-
cept related to IS is “Information Science.” One descendant
of “Information Science” is “Management IS” which, in turn,
has nine children that include “Clinical Laboratory IS” and
“Radiology IS” (for the purposes of this presentation, “Clin-
ical Laboratory IS” will be considered synonymous with
“Pathology IS”). Neither “cancer IS” nor “cardiology IS”
equates to exactly one MeSH term.

A query for CIS might combine the concepts “manage-
ment IS” with MeSH terms that contain the word “oncology.”
In MeSH, for better or worse, the concept “radiation oncol-
ogy” is a child of “medical oncology” and the only other
term containing the term “oncology” is “hospital oncology
service.” A query with a concept will automatically expand
to include all concepts that are descendants of the concept
used in the query. Thus one query to represent “CIS” is

(“medical oncology”[majr] OR “hospital oncology
service”[majr]) AND “management information
systems”[majr]

where a “major” term is indicated by “[majr]”. This
query when applied to MEDLINE in July 2004 retrieved 40
citations. By contrast the retrieval on ‘radiology IS’ retrieved
3,097 citations, while the query on “clinical laboratory IS”
retrieved 1,286 citations.

The term cardiology occurs in only the two MeSH terms
“cardiology” and “hospital cardiology service.” A query with
those two terms combined with “management information
systems” was used to capture “cardiology IS” articles. This
query retrieved 41 citations in July 2004—essentially the
same number as for CIS.

Co-occurring patterns

A common method in bibliometrics is to look for co-
occurrences. A potential relationship between two or
more things depends principally upon how many common
relationships people recognize between these things [14]. In
the medical field, the co-occurrence of MeSH terms has been
used to help recognize relationships among co-occurring
concepts [15].

In this project, citations retrieved from MEDLINE were
analyzed for co-occurring MeSH terms. A computer pro-
gram was written in Active Server Pages that extracts infor-
mation from citations. For each article, each “major” MeSH
term was stored in a table along with a unique identifier for
the article. The program determined how many times each
pair of MeSH terms occurred in an article’s indexing. Fi-
nally, the program displayed a list of the co-occurring MeSH
term pairs, in descending order of the number of times they
co-occurred.

Indexers also apply “qualifiers” to index terms. A qualifier
serves to further characterize a concept. The program also
accounted for co-occurring patterns of qualifiers.

The indexing of the articles returned for the CIS query
showed that

� “medical oncology” co-occurred frequently with
“database management system” and “medical record
system,”

� “radiation oncology” co-occurred most with “radiol-
ogy IS,” and

� “hospital oncology service” co-occurred most with
“clinical pharmacy” and “ambulatory IS.”

The most frequently appearing qualifier was “organization
& administration.” These patterns make sense in that:

� medical oncology deals frequently with chemother-
apy that involves the medical record and other
databases,

� radiation oncology is closely related to radiology, and
� hospital oncology services have patients going to and

from ambulatory clinics and needing pharmacy ser-
vices.

These different relationships concern the organization and
administration of the oncology services (as reflected in the
most frequently occurring qualifier).
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In the indexing of articles returned for the query “cardiol-
ogy IS” the most frequently co-occurring MeSH major terms
were “cardiology” and

� “computer communication networks,”
� “radiology IS,”
� “computer-assisted signal processing,” and
� “computer-assisted image processing.”

Cardiology IS are different from oncology IS in that they
have a narrower focus on signals or images and networking.
The most frequently appearing qualifier was “standards”
which makes sense in light of the importance of standards in
“communication networks” for cardiology signals or images.

In the citations retrieved to the query “radiology informa-
tion systems[majr]” the most frequently co-occurring MeSH
terms with “radiology IS” involved:

� connecting to the hospital IS and
� communicating images.

With the query “clinical laboratory information systems
[majr]” the terms most frequently co-occurring with “clinical
laboratory IS” involved communicating between the clinical
laboratory and medical records. Thus, for “radiology IS”
and “pathology IS” a connection to the hospital is more
frequently addressed than for CIS or “cardiology IS.”

Divergent query results

The “CIS” query addressed oncology applications of man-
agement information systems. How will the study results
change when the query diverges and includes “neoplasm”
and non-management aspects of information systems? The
“IS” component of the CIS query was augmented with the
children of “Information Science” (not just the children of
“management IS”). The “oncology” component was aug-
mented with the term “neoplasms” (and thus also all the de-
scendants of “neoplasms”). After running the co-occurrence
program on the citations retrieved by this broadened query,
the most frequently co-occurring MeSH term pairs were re-
lated to “mass screening” and “breast neoplasm.”

The query for “Cardiology IS” was also broadened like the
“Cancer IS” query was, but now “neoplasms[majr]” was re-
placed with “cardiovascular diseases[majr] OR cardiovascu-
lar system[majr].” The retrieved citations emphasized “Car-
diovascular Models” and “Computer-Assisted Signal Pro-
cessing,” as they did before the query was broadened.

The author experimented by narrowing the divergent
queries. The intent was to further understand the intrinsic
character of CIS by removing some of the query terms. How-
ever, the results are most meaningful with the queries already
presented in the sections titled “first-order patterns” and “co-
occurring patterns.”

Discussion

While the radiology and pathology IS literature focuses on
connectivity between the department and the rest of the
health system, the oncology and cardiology IS literature fo-
cuses on diagnostic or treatment tools and methods specific
to that clinical specialty. The extent to which a clinical spe-
cialty would need specialty-specific software would be partly
related to the extent to which the unique diagnostic and
treatment methods and tools of that specialty require unique
software support. When that uniqueness exists and the in-
formation from those tools and methods furthermore needs
to interface to the information infrastructures of the health
system, such as the patient medical record system, then the
commercial need for a unique specialty IS increases.

The preceding observations suggest the following ‘Spe-
cialty Need’ model:

The “need for a unique, specialty IS” is proportional to the
“uniqueness of the specialty tools and methods” plus the
“degree to which the information from those tools and
methods should be integrated with the information infras-
tructure of the health care entity.”

Radiology and pathology have unique tools, and the rest
of the health system needs to get orders to those departments
and get results from those departments. For oncology and
cardiology the need to integrate unique tools and methods
with the rest of the health enterprise is less apparent.

Other perspectives

The conclusion from the bibliometric analysis has led to a
tantalizing model about specialty software. Other sources
of information will be mined to extend the answer to the
question of whether CIS are unique. Next, content analysis
of vendor web sites and provider interviews are presented.

Vendors

One approach to characterizing CIS is to study the vendors of
CIS. Finding a list of vendors of CIS is not straightforward.
One list was published in the “Health Informatics Resource
Guide 2004 [16].” That Guide provides lists of vendors un-
der different categories, such as radiology IS and oncology
IS. The publication does not make clear how companies are
entered into the lists. The author took the oncology, cardi-
ology, radiology, and pathology lists of vendors and visited
the web sites of each vendor. From the web sites, the author
determined the extent to which the company had a product
that met the needs of the specialty in question.

The oncology list has dozens of companies on it. Only
a handful specified an oncology function and most of those
were for radiation oncology. The lists entitled “radiology IS”
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and “pathology IS” contained a higher proportion of vendors
offering IS specific to the list topic than either the oncology
or cardiology lists did.

To go beyond the “Resource Guide,” 16 students were
each asked to find on the web five IS vendors that stress in
their documentation that they support oncology. The students
identified 28 different companies that marketed CIS, and of
those CIS:

� 2 supported only chemotherapy,
� 15 supported only radiation, and
� 11 supported both radiation and chemotherapy.

The history of the largest vendors shows that they first
supplied radiation equipment, then radiation oncology soft-
ware, and finally medical oncology software. However, the
diffusion of medical oncology software in the marketplace is
not as extensive as radiation oncology software [17].” The
cancer chemotherapy part of medical oncology software re-
mains partially experimental.

One difficulty in diffusing medical oncology software
is that it should communicate with the medical record,
the pharmacy, the clinical laboratory, and scheduling.
However, standards for supporting such communication
are not widely accepted. Thus, installing medical on-
cology software is a large undertaking in a particular
institution.

Most vendors do not offer CIS. Those vendors that address
oncology are primarily addressing the radiation oncology
business. The market of stand-alone cancer centers buying
complete CIS has not been large enough to drive many ven-
dors to that market, and for cancer centers within a larger
entity, integrating a CIS with the larger entity is currently
difficult.

The role of government research, health plans, and pa-
tients are next briefly addressed:

� The American National Cancer Institute (NCI) has
initiated a national CIS project to facilitate access to
molecular and clinical trials data [18].

� In the United States, “disease management [19].” is
seen as part of the “health plan” enterprise, and while
health plans generally do not have cancer-specific
software, one disease management company focuses
exclusively on cancer and has a CIS [20].

� No patients are more concerned about their diagno-
sis and treatment than are cancer patients, and many
cancer patients have sought help from one another
through online discussion groups [21].

These observations are consistent with the “Specialty
Need” model and also show opportunities to extend CIS
in the direction of research and consumer systems.

Providers

This author interviewed the major stakeholders in the CIS
at the Johns Hopkins Cancer Center. That particular cen-
ter is part of a large hospital complex, had developed
its own CIS a quarter century earlier, and was spending
$2 million per year on its internal, CIS staff for soft-
ware maintenance [6]. The interviewees were asked whether
their cancer center needed a unique CIS. Salient replies
included:

� The medical creator of the IS said “No.” While trend
data is vitally important in cancer, trend data is needed
in many specialties.

� The director of programming at the Center said “No.”
She said that while the cancer center needs are com-
plex, they are not unlike the complex needs of other
parts of the hospital dealing with chronically ill pa-
tients.

� The technical creator of the IS said “No” for the same
reason as the director of programming.

Next, the author interviewed several people from
stand-alone cancer centers, such as Memorial Sloan-
Kettering. They felt that the needs of oncology, particu-
larly for chemotherapy, required cancer-specific software.
The uniqueness of cancer chemotherapy software is de-
scribed in the literature [22, 23], but the literature also
shows that stand-alone, cancer centers are most likely
to have a CIS. The two largest stand-alone cancer cen-
ters in the US both invest large sums in acquiring or
creating software that is tailored to their cancer-specific
needs:

� Memorial-Sloan Kettering relies on tailored products
from many different vendors, while

� M.D. Anderson Cancer Center relies extensively on
home-grown software.

Even small, independent cancer centers want cancer-
specific software [24]. Of course, in the final anal-
ysis what any provider wants is software that opti-
mally supports the particular situation of that provider
[25].

The “Specialty Need” model can be interpreted in a
manner consistent with these interview results. That model
says that a CIS is needed when the information from
the cancer tools and methods should be integrated with
the information infrastructure of the health care entity.
The bibliometric data suggest that generally this integra-
tion of cancer data are not a top priority in a typical en-
tity. However, in stand-alone cancer centers, integration of
cancer data with the applications of the center is a top
priority.
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Conclusion

MeSH does not include a concept for CIS. However, MeSH
does have single terms representing each of several other
types of IS that might be comparable to CIS, such as “ra-
diology IS” and “clinical laboratory IS.” To investigate the
attributes of CIS, MEDLINE queries were generated, and
the MeSH indexing of the retrieved literature was analyzed.

The retrieved citations for CIS highlight the distinct
concerns of medical oncology versus radiation oncol-
ogy. By contrast, for “cardiology IS” the query retrieves
citations that emphasize cardiovascular signal or image
processing. Literature about radiology and clinical lab-
oratory IS emphasizes connectivity within and among
departments.

The interpretation of the bibliometric data leads to a “Spe-
cialty Need” model which states that a specialty needs unique
software to the extent that its tools require software and the
data from the tools needs to be shared across the health care
entity. The need for a CIS would grow as an oncology de-
partment within a hospital provided radiation or chemother-
apy treatments that entailed further communication with the
hospital medical record. However, integrating a CIS with
the hospital medical record is typically so costly that the
benefits of cancer-specific software are often outweighed
by the costs of integration. As standards for the medical
record become more prevalent and make integration eas-
ier, specialty-specific software might become increasingly
common.

While many oncology departments rely on hospital-
wide IS, some stand-alone cancer centers have CIS built
specifically for cancer. However, historically these can-
cer centers do not share a common software platform.
The American National Cancer Institute has been fund-
ing large projects to develop shared software across cancer
centers.
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