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In this study the distribution of papers published by authors from the European Union (EU) in onco-
logical journals was analysed, as was the impact of oncological research in the EU compared with that
produced in other countries. Papers published during 1995 in the oncological journals listed by ISI
(Institute for Scientific Information, Philadelphia, U.S.A.) were downloaded. The parameters of
impact factor (IF), source country population and gross domestic product (GDP) were considered. An
analysis of the key words, both those reported by the authors and those attributed by ISI, was carried
out using a special purpose program. 36.5% of papers published in oncological journals come from the
EU (the U.K., Italy, Germany and France ranking at the top) and 40.7% from the U.S.A. The mean IF
was 2.4 for EU papers, 3.3 for the US and 2.4 for other countries. Our data confirm that smaller
countries performed better than larger ones. The key words analysis shows that the leading fields of
research were breast cancer for diseases, cisplatin for drugs and p53 for experimental studies. A
standardisation of key words on behalf of journal editors is proposed. © 1999 Elsevier Science Ltd. All

rights reserved.
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INTRODUCTION

IN RECENT years, economic difficulties due to growing
national debts have increasingly forced governments, nor-
mally the primary supporter of basic research, to adopt poli-
cies that link science and technology programmes more
closely to broad organisational and societal goals.

Consequently, the assessment of research output has pro-
gressively developed and necessarily become a priority issue
for the scientific research community. However, quantifying
and weighting the results of research are difficult and debated
tasks. Several studies on the subject have shown the potential
validity of particular bibliometric measures, and bibliometric
analysis is largely used as an assessment tool of scientific
research performance at different levels, be it a discipline
oriented [1-3], individual [4, 5], national [6, 7], regional or
global [8] evaluation process.
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Luukkonen defined citation analysis as the method that
uses scientific criteria to measure the contribution of a pub-
lished paper to the advancement of knowledge [9]. It is a
widely debated approach, and many of the inherent draw-
backs that spur disagreement have been pinpointed, namely,
the selected journals included in databases providing the
number of citations, the subjective motivations of citations or
the language and publication type biases, multiple authorship
merits and citing motivation [10, 11]. None the less, citation
analysis remains a worthwhile criterion for evaluating the
publication records of individual scientists, research units or
national performance. The concept of citation analysis was
originally proposed by Garfield [12] with the publication of
the Science Citation Index (SCI), to which the Social Science
Citation Index (SSCI) and the Arts and Humanities Citation
Index (AHCI) have since been added. These indices define a
citation as follows: when one document (a) mentions or refers
to another document (b), the latter has been cited by the
former as a source of information, as a support for a point of
view, as authority for a statement of fact, etc. [13]. In practice,
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the term citation refers to the references listed at the end of a
scientific article.

However, which indicators are appropriate, and how they
should impact on the evaluation process or funding allocation
decisions, are open questions. Despite the limitations men-
tioned above, bibliometrics may prove useful for attempts to
gain insight into research product dissemination. With these
considerations in mind, and taking into account the impor-
tant medical and economic repercussions of cancer research,
we performed an analysis of papers published in the journals
listed by the Institute for Scientific Information (ISI) and
correlated them with bibliometric parameters, i.e. impact fac-
tor (IF), and socioeconomic variables, i.e. the source country
population and its gross domestic product (GDP). We also
analysed the frequency of key words used in the oncological
literature in order to identify the main research trends.

MATERIALS AND METHODS

Data of articles published in oncological journals listed by
the ISI were selected in accordance with Current Contents/Life
Science editorial and Current Contents/Clinical Medicine edition
(1995-1997 actual years). Only bibliographic items with
ISSN and nominal edition year 1995 were downloaded.
Duplicate items were identified and deleted. All peer-
reviewed papers, including editorials, reviews, technical notes
and letters to the editor were included in this study. Journal
supplements containing abstracts or meeting reports were
excluded from the analysis.
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For the purpose of this study, the definition of EU inclu-
ded the 15 official member states plus Norway, in view of its
inclusion in the European Economic Area (EEA) and in all
calculations concerning the EU issued by the Statistical
Office of the European Communities (Eurostat). The coun-
try of the corresponding author was considered as the coun-
try of origin of the article. The papers originating from
England, Scotland, Northern Ireland and Wales were
grouped under the U.K. heading. For purposes of compari-
son, data on eight additional countries, each showing more
than 40 entries during 1995, were also evaluated. On some
occasions it was necessary to identify manually the country
of origin of a given article after consulting other biblio-
graphic databases. The country of origin of 3% of the arti-
cles, mainly editorials, remained unknown due to lack of
specific data.

For the purpose of our study, key words were defined as
comma-separated items of one or more words. All key words,
both those reported by the authors and those attributed by
the ISI, were identified and their frequency was calculated in
two separate files using a special purpose program. Different
key words with identical meaning were grouped and con-
sidered as a single key word. The same process was used for
misspelled key words.

The resident population and GDP expressed in current
billion US dollars for 1995 were retrieved for each country
from Eurostat annual statistic reviews. Updated data are
shown on the Internet site www. cilnews. unige.it.

Table 1. Scientific productivity in surveyed countries (1995)

Oncological journals

Medical journals

Papers/ Papers/ %
No. % Mean Papers/ million No. % Mean Papers/ million Oncology IF ratio

Country papers (EU=100) IF GDP population papers (EU=100) IF GDP population papers oncology/all
Austria 93 2.3 2.4 0.50 12 2166 1.9 2.6 11.7 270 4.3 0.9
Belgium 97 2.4 2.3 0.46 10 3367 2.9 2.6 15.9 337 2.9 0.9
Denmark 106 2.6 2.4 0.78 21 2893 2.5 2.4 21.2 562 3.7 1.0
Finland 91 2.2 2.6 0.96 18 2700 2.3 2.5 28.5 540 3.4 1.1
France 558 13.7 2.0 0.44 10 17327 14.9 2.5 13.7 306 3.2 0.8
Germany 580 14.3 2.1 0.30 7 20326 17.5 2.6 10.6 250 2.9 0.8
Greece 54 1.3 1.3 0.71 5 985 0.8 1.6 13.0 96 5.5 0.8
Ireland 26 0.6 2.0 0.59 7 821 0.7 2.1 18.5 233 3.2 0.9
Ttaly 761 18.7 2.2 0.65 13 11243 9.7 2.4 9.6 197 6.8 0.9
Luxembourg 0 0 0 0.00 0 15 0 4.8 1.1 39 0 0
The Netherlands 410 10.1 2.9 1.31 27 7536 6.5 3.0 24.1 498 5.4 1.0
Norway 91 2.2 2.6 0.80 21 1666 1.4 2.2 14.7 388 5.5 1.2
Portugal 13 0.3 1.6 0.17 1 390 0.3 2.0 5.0 40 3.3 0.8
Spain 117 2.9 2.1 0.22 3 6535 5.6 2.2 12.4 169 1.8 0.9
Sweden 288 7.1 2.5 1.33 33 6322 5.4 2.5 29.3 727 4.6 1.0
U.K. 778 19.1 2.8 0.74 13 31932 27.5 3.5 30.5 549 2.4 0.8
EU 4063 100 2.4 0.55 11 116224 100 2.8 15.7 312 3.5 0.9
Australia 174 - 2.5 0.56 10 7206 - 2.6 23.3 409 2.4 1.0
Canada 344 - 2.9 5.36 13 12316 - 3.0 191.8 451 2.8 1.0
India 100 - 1.4 0.41 <1 2685 - 1.6 11.0 3 3.7 0.9
Israel 109 - 2.1 1.58 22 3021 - 2.8 43.7 597 3.6 0.8
Japan 1127 - 2.4 0.29 9 23136 - 2.4 5.9 186 4.9 1.0
Russia 41 - 1.5 0.12 <1 2079 - 1.1 6.0 14 2.0 1.4
Switzerland 119 - 2.5 0.47 17 4638 - 3.3 18.3 666 2.6 0.8
Taiwan 78 - 2.1 0.36 4 1712 - 1.9 7.8 82 4.6 1.1
U.S.A. 4523 - 3.3 0.70 17 118565 - 4.0 18.4 455 3.8 0.8
World 11117 - 2.7 0.46 2 309 684 - 3.1 12.9 62 3.6 0.9
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RESULTS
Quanttative analysis

Overall, 11 117 papers were published in the oncological
literature during 1995 (Table 1); of these, 4063 (36.5%) ori-
ginated from the EU and 4523 (40.7%) from the US. All EU
countries except Luxembourg were represented. The leading
countries in Europe in terms of output were the U.K.
(19.1%); Italy (18.7%); Germany (14.3%); France (13.7%);
and The Netherlands (10.1%).

For purposes of comparison, during the same year a total
of 309 684 papers were published in the whole of measurable
world medical literature; 116224 (37.5%) were by EU
authors, and 118565 (38.3%) by US authors. Oncological
papers accounted for 3.6% of the total number of medical
papers (Table 1). In the EU, the percentage of oncological
papers was 3.5% and in US was somewhat higher (3.8%).
The ratio of oncological papers to all medical literature was
highest in Italy (6.8); Greece (5.5); Norway (5.5); The
Netherlands (5.4); Sweden (4.6); Austria (4.3); Denmark
(3.7); Japan (4.9); Taiwan (4.6); and India (3.7).

Qualitative analysis

The mean IF of papers from the EU in oncological jour-
nals was nearly 2.4 in comparison with 3.3 for the US (Table
1). The world IF for oncological papers was 2.7. Among EU
nations, The Netherlands ranked first with a mean IF of 2.9,
followed by the U.K. (2.8), Finland and Norway (2.6); Swe-
den (2.5); and Austria and Denmark (2.4). The mean IF in
other non-EU countries ranged from 1.4 for India to 2.9 for
Canada. The mean IF of all medical literature produced in
the EU was higher (2.8) than that of oncological papers.
Luxembourg (4.8), the U.K. (3.5) and The Netherlands
(3.0) had particularly high total medical literature IF. The
ratio between the IFs of oncological journals and all medical
literature was calculated. A value exceeding one, indicating
that in a given country oncological papers reached a higher IF
than the rest of medical literature, was shown by Russia (1.4);
Norway (1.2); Finland (1.1); and Taiwan (1.1).

GDP and population size comparison

The ratio between the number of published oncological
papers and GDP showed a mean value of 0.55 for the EU, a
finding which compared unfavourably with that of 0.70 cal-
culated for the US (Table 1). In the EU, Sweden ranked first
(1.33), followed by The Netherlands (1.31); Finland (0.96);
Norway (0.80); and Denmark (0.78). When all medical
scientific literature was considered, the US scored better than
the EU (18.4 versus 15.7). The U.K. (30.5), Sweden (29.3),
Finland (28.5) and The Netherlands (24.1) showed the
highest values in the EU. The highest value belonged to
Canada, with 191.8 papers/billion US dollars of GDP.

The ratio between the number of published oncological
papers and country’s population in millions was 11 for the
EU and 17 for the US (Table 1). In Europe, small countries
generally performed better than larger ones. Sweden ranked
first with the best world score (33), followed by The Nether-
lands (27), Norway and Denmark (21) and Finland (18).
Outside the EU and U.S.A., high scores were seen for Israel
(22). The analysis of the world medical output by a country’s
population yielded values of 312 in the EU and of 455 in the
US. The highest EU scores were those of Sweden (727), Den-
mark (562), the U.K. (549) and Finland (540). Switzerland
(666) and Israel (597) ranked high among non-EU countries.
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Research topics

In oncological journals, the key words attributed by
authors comprised as many as 18209 different terms. Of
these, only 9784 were cited more than twice, and 5100 were
cited more than 10 times. 16 064 key words attributed by ISI
appeared in the oncological literature. Of these, 10 076 were
cited more than twice, and 5465 more than 10 times. Mis-
spelled or non-standardised key words were found frequently.
Indeed, this lack of standardisation of key words greatly
hampered our analysis; in fact, the use of generally accepted
synonymous terms (e.g. cancer versus carcinoma, neoplasm
versus neoplasia, apoptosis versus cell death versus pro-
grammed cell death, be these expressed either as plural or
singular terms), of spelling variations (e.g. tumor versus
tumour), of generic rather than specific terminology (e.g.
oncogene(s) versus c-myc) and of abbreviations (particularly
for drug names, such as 5-fluorouracil, which appeared in six
different forms) leads to a great deal of disparity in the attri-
bution of key words, and consequently, difficulty in the
interpretation of an author’s exact intended meaning. Never-
theless, the analysis of key words allowed us to assemble and
arrange those with similar meaning in order to produce a list
of the most often cited terms: the top ten key words related to
disease types, those related to drug types and those related to
research topics and related techniques are listed in Table 2.

Table 2. Analysis of keywords for oncology publications

Number of occurrences

Diseases
Breast cancer 361
Prostate cancer 223
Colorectal cancer 200
Lung cancer 135
Head and neck cancer 125
Uterine cancer 120
Gastric cancer 96
Ovarian cancer 88
Glioma 74
Melanoma 67

Drugs
Cisplatin 100
Interleukins 65
5-Fluorouracil 60
Taxol and analogues 46
Monoclonal antibodies 34
Tamoxifen 32
Interferons 30
Doxorubicin/epirubicin 42
Retinoic acids 24
Cyclophosphamide/ifosfamide 20

Research topics and related techniques
p53 249
Metastasis 111
Growth factor 106
Immunohistochemistry 99
Proliferation 73
Apoptosis 65
ras 64
Tumour suppressor gene 64
PCR 61
Oncogene 46




Oncology Research Overview

DISCUSSION

Our data show that the geographic breakdown of the
oncological literature output has scarcely changed with
respect to the values reported in 1993 by Parodi and col-
leagues [8]. US and U.K. researchers still produce both the
most medical and oncological literature. It should be pointed
out that bibliometric analyses are biased towards English
language journals, and authors of some nations (e.g. France
and Germany) with a strong tradition of publishing in their
native languages and less prone to submitting papers to
internationally peer-reviewed English-language journals may
be penalised in comparative studies drawing on databases
that include few non-English-language publications. For
example, the database EMBASE includes more non-English-
language journals than does Medline [14]. None the less,
English has become the common language of the interna-
tional scientific community, and future bibliometric studies
are likely to be performed only on English-language journals.

The oncological literature output in the EU was somewhat
lower than that of the US in terms of number of papers,
despite a large difference in research fundings available across
the Atlantic, and is in line with overall medical literature
production. This finding confirms that the EU, which is
increasingly becoming an integrated geographic area, plays a
leading role in oncological research. However, the mean IF of
oncological papers was higher in the US than in the EU.

In 1995, authors from every EU country, except Lux-
embourg, published papers in the oncological journals con-
sidered here. The U.K., Italy, Germany and France were the
top four ranking countries for total number of published
papers. This ranking changed considerably when other vari-
ables, such as mean impact factor, number of papers per
inhabitants, or number of papers for GDP, were assessed.
The Netherlands, U.K., Finland and Norway excelled for
mean impact factor. Only the U.K. held a good position for
IF, confirming that this country is still a leader in scientific
production in Europe. Sweden and The Netherlands had the
highest scores for the ratio between scientific publications,
number of inhabitants and GDP. Our results are consistent
with the view that smaller countries usually perform better
than larger ones in terms of cancer research literature output.
These data also confirm findings published in Science in 1992
[15] regarding the overall scientific output between 1981 and
1990 in Europe: the U.K., Germany, France and Italy ranked
first to fourth for number of papers published, whilst Swit-
zerland, Sweden, Denmark and The Netherlands were the
countries with the highest number of mean citations per
paper. Other works have documented similar trends. Benzer
and colleagues compared the overall number of medical
publications in 1990 [16], and found that Israel, Sweden and
Switzerland had the highest scientific output per country
population. In another study, where the number of papers
produced by a given country was related to the number of
physicians [17], the U.K. was first with 0.37 publications per
physician, followed by Israel, Switzerland, Denmark, Fin-
land, Sweden and The Netherlands. Finally, Hausen and
colleagues [18] measured scientific production according to
the gross domestic expenditure for research in 1989, and
found that New Zealand, Denmark, Spain, Canada and The
Netherlands scored the highest.

The reason why smaller countries have a higher scientific
output than larger ones is not known, but some explanations,
for instance, better utilisation of resources, a higher percen-
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tage of the GDP allocated to research, a clustering of specific
oncological diseases, have been advanced. Our analysis of key
words revealed a high degree of disparity of terms used in
oncological journals, with only 28% of key words being cited
more than 10 times, and 53.7% cited more than twice. This
fact was due mainly to the use of different synonyms, and
only marginally to misspelling. This problem affects many
medical disciplines, and in some cases to a greater extent than
oncology: in fact, our data show that the percentages of key
words cited more than 10 times in rheumatological, derma-
tological or geriatric journals in 1995 were 2.1, 3.6 and 2.8%,
respectively [19]. Given findings such as these, we believe
that editors should adopt measures that encourage the stan-
dardisation of key words, in order to facilitate the retrieval of
bibliographical information from computerised sources. A
standardised key word system would ideally include items
such as field of research, disease and its localisation, methods
implemented, and relevant drugs or biologicals used. Our
data show that the most commonly used key words for dis-
eases very closely reflects the incidence of the numerous types
of neoplastic diseases [20], with breast cancer ranking the
top. Among drugs cited, interest focuses on the chemothera-
peutic drugs most widely used in current clinical settings, but
substances such as cytokines, monoclonal antibodies, pacli-
taxel or retinoic acids also emerge as widely studied subjects.
Finally, the prevailing trend of experimental studies is the
widespread application of the molecular biology to experi-
mental oncology studies in terms of both phenomena studied
and techniques used.

Admittedly, our study took into account only those jour-
nals classified as oncological, and did not endeavour to tackle
the complicated task of identifying the wealth of cancer
research studies appearing in other scientific publications.
This limits data evaluation to only a part of all oncological
productivity since articles on basic cancer research may be
published in basic discipline journals (e.g. biochemistry,
immunology) and articles on clinical cancer studies may be
published in categories covering general subjects (e.g. medi-
cine, pharmacology, etc.) or affected systems or organs (e.g.
respiratory systems, digestive systems). Ideally, an exhaustive
survey of cancer research output would seek to combine data
on both key words identifying the subject of analysis and
authors’ affiliation, tasks respectively entailing the need to
search and assess different databases with different classifica-
tion indexing schemes and to handle the inaccurate reporting
of authors’ addresses. Our intention, however, was not to
provide an exhaustive survey of cancer research output, but
rather to offer a broad review of the data and to gather
impressions of publication trends, in comparison with other
studies on the subject.

The two main problems that our analysis has evinced are
the lack of standardisation of key words and the inaccurate
reporting of corresponding authors’ addresses. We are cur-
rently developing a method to identify the scientific back-
ground of authors that may contribute to overcoming these
matters, whereby key words, names of the authors and rele-
vant affiliations are matched. Measuring the impact of
research is a difficult process that is currently the focus of
significant debate throughout the world. This evaluation
exercise should also take into consideration the effect on
research targets (technology, systems, education, social
structure, etc.) and all expressions of knowledge (patents and
trained students) in addition to published papers. Whilst



1186

some impacts are tangible, many are intangible and difficult
to identify and quantify. Assessing the impact of a scientific
paper by summing the number of times it is referenced by
other authors is obviously a method that is neither flawless
nor invulnerable and provides an incomplete picture of the
research product. Despite its limitations, however, many
studies have shown that this approach provides useful infor-
mation for the evaluation of productivity, and may well
constitute a good general guideline in an era of cost-effec-
tiveness and quality control. Though there is little evidence
that the results from such studies are actually used in practice
by research evaluators and funding agencies, there is no
doubt that a country could benefit from their application, in
order to determine its position with respect to competitors
and, in turn, to exploit opportunities arising in all scientific
fields.
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