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decades.

Rico

hen assessing the scientific production of a country
W through bibliometric analyses, researchers can map

the growth of a research discipline and the patterns
of collaboration and funding (1). Thus, bibliometric indicators
have become attractive to researchers and policy makers with its
promise of some objective measure of output (2-4). Even though
bibliometric approaches cannot be taken as an unequivocal
measure of scientific quality, at higher aggregate levels, such as
journals, bibliometric indicators give relevant information about
the research activity conducted (5). Moreover, the application
of bibliometric methods has been successful to understand
cancer research outputs (6-14) and more specifically, to measure
the impact of public policy and funding on cancer research
worldwide (4, 15-18).
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Objective: The analysis of cancer scientific production in Puerto Rico is largely
unexplored. The objective of this study was to characterize trends in cancer-related
research publications by authors affiliated to Puerto Rican institutions in recent

Methods: Manuscripts were retrieved from the Science Citation Index (SCI)
database from 1982 to 2009. Search criterions were that the author’s affiliation field
contained some institution located in Puerto Rico and that the manuscripts were
related to cancer research (according to keywords from the National Cancer Institute’
cancer definition). Indexes measured in our analysis included number and type of
manuscript, scientific collaboration, author’s affiliation, and journal visibility. All the
analyses were conducted using ProCite for bibliographic information management
and STATA and SEER Joinpoint for the statistical inquiry.

Results: From 1982-2009, cancer-related papers authored by scientists located
in Puerto Rico came to 451. Over the last three decades the scientific production
underwent significant growth (APC = 6.4%, p<0.05) with the highest peak between
2000 and 2009 (61.4% of all articles). Universities are the local institutional sector
with the highest number of authors (81.4%), and the University of Puerto Rico is the
most active center in this regard (68.5%). Forty-three percent of the manuscripts
(n=195) were published in 20 journals from which 14 are observed to have high
visibility when compared to similar thematic journals.

Conclusions: Cancer-scientific production in Puerto Rico underwent constant
growth during the last three decades. A complete understanding of citing, publishing,
and collaboration patterns in Puerto Rico is critical to researchers, policy makers, and
health-care professionals in order to make informed decisions about cancer research
priorities. [P R Health Sci J 2010;3:250-255]
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Because cancerisa public health problem in both industrialized
and developing countries (19) and remains as one of the leading
causes of morbidity and mortality worldwide (20); cancer
research has become one of the most extensive biomedical
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research domains worldwide and cancer-related papers are
published on a growing pace of over 2% per year (4). Recently,
Ortiz and colleagues found a growth in the number of cancer-
related manuscripts published in Puerto Rico’s biomedical
journals during the last century, although this increase did not
parallel the increase in cancer mortality during the last five
decades (14). Even though we have already successfully used
descriptive bibliometric measures to map out cancer research
in Puerto Rico’s biomedical journals, we have not yet addressed
the contribution of authors affiliated to Puerto Rican institutions
publishing on national and international journals. Overall, the
scientific activity for science and technology has increased in
Puerto Rico as a measure of publications on non-Puerto Rican
journals (21-22), but no evidence exists particularly for cancer
research.

Understanding the cancer-related scientific activity conducted
in Puerto Rico is essential to the development of its scientific
policy in this area, as this analysis provides knowledge of
progress in science, making it possible to identify the research
community’s strengths and weaknesses and establish criteria for
planning and decision-making (14). As a result of the increase
in the burden of cancer in Puerto Rico (23) and given the
lack of comprehensive bibliometric analysis of cancer-related
research in the Island (14), this study aimed to characterize
trends in cancer-related research publications in Puerto Rico
in the past decades.

Methods

The work discussed in this paper was based on published
manuscripts retrieved from the Science Citation Index (SCI)
Expanded database for the period 1982 to 2009, in which the
search criterions were: 1) that the author’s affiliation field
contained some institution located in Puerto Rico and 2)
that the article was related to cancer research. SCl is a citation
index originally produced in 1960 by the Institute for Scientific
Information in Philadelphia (24). The new SCI Expanded covers
6,400 of the world's leading journals of science and technology.
Itis made available online through the Web of Science database,
a part of the Web of Knowledge Thomson Reuters collection
of databases. Our analysis focuses on 1982-2009 given that
those are the years for which our institution has access to
the SCI Expanded. In accordance with the National Cancer
Institute’s (NCI) cancer and tumor definitions (25), cancer
publications for this study were defined as those that considered
the following key terms: cancer, carcinoma, sarcoma, leukemia,
lymphoma, multiple myeloma, malignant or cancerous tumor,
and neoplasm. The records were directly imported to ProCite
using the conversion and file processing utilities provided by
this bibliographic information management software (22).
Data management and analysis were conducted following the
methodology previously developed for bibliometric analysis by
Sanz-Casado and colleagues (26).
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The bibliometric indicators used for the analysis were:
1) number of papers, 2) author’s institution (universities,
hospitals, and governmental centers), 3) document typology
(articles, congress minutes, notes, letters, editorials, and journal
supplements containing published meeting abstracts), 4) journal
visibility, and S) author’s collaboration. The annual percent
change (APC) (27) was estimated to assess if the trends on the
number of papers and co-authorsship changed over the study
period using the Joinpoint Regression Program from the NCI
Surveillance, Epidemiology, and End Results Program (28). As
described elsewhere, journal visibility was determined from the
rank of each journal within the subject matter as classified by the
Journal of Citation Report/SCI (22). Using this criteria, journals
were grouped by quartiles (Q1, Q2, Q3, and Q4) to show
the importance of each one within the discipline in question;
journals in the first quartile (Q1) are the ones with greatest
visibility for the scientific community. The journals most often
used by local researchers were denoted as core journals if at least
4 papers were published in them. Author’s collaboration was
analyzed by identifying the number of researchers authoring the
manuscripts. Any paper signed by only one author was classified
under the heading no collaboration.

Results

From 1982-2009, a total of 451 cancer-related articles
authored by researchers affiliated to Puerto Rican institutions
were identified. Figure 1 shows that cancer scientific production
in Puerto Rico underwent significant growth during that
period (APC = 6.4%, p<0.0S). Scientific production has been
consistently increasing through the last three decades with its
peakin 2000-2009, when 277 papers (61.4% of total of articles)
were published with an annual increase of 15.7% (p<0.05).
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Figure 1. Trends of cancer-related manuscripts authored by
researchers affiliated to Puerto Rican institutions, 1982-2009

Figure 2 shows that author’s collaboration was relatively

constant throughout the last three decades (APC = -0.1%,
p>0.05). When analyzed by decade, the average number of
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authors per paper fell from 7.5 in 1982-1989 to 6.5 in 2000-2009.
Within decades, only during the 1980’s did the collaboration
between authors show an average annual increase (APC =
12.2%, p<0.05). Ninety-four percent of the papers were co-
authored by at least two researchers during the complete study
period (1982-2009).
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Figure 2. Trends of author’s collaboration by researchers affiliated
to Puerto Rican institutions, 1982-2009

Table 1 shows that articles were the document type
most often used by Puerto Rican scientists to publish their
findings (68.5%), followed by meeting abstracts (14.6%)
and proceedings papers (7.8%). Reviews, notes, letters, and
editorials accounted for 8.9% of the remaining total. Table 2
shows that the university is the local institutional sector with the
highest number of authors (81.4%), and the University of Puerto
Rico is the most active center in this regard (68.5%). Table 3
shows the journals most often used (with at least 4 publications)
by Puerto Rican researchers (core journals) and their standing
in comparison with same-theme journals. Forty-three percent
of the manuscripts (n=195) retrieved during the study period
were published in a core of 20 journals while the rest 256 papers
(57%) were published in 190 different journals. With regard to
the standing of those core journals, 14 (70%) are observed to
be in the Q1 and 3 (15%) between Q1/Q2 of their respective
areas of research.

Table 1. Types of documents published, 1982-2009

Type of manuscript Number Percentage (%)
Original Article 309 68.5

Meeting Abstract 66 14.6
Proceedings Paper 35 7.8

Review Article 21 4.7

Editorial Material 9 2.0

Note 7 1.6

Letter 4 0.9
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Table 2. Cancer scientific production by institutional sector, 1982-
2009.

Institution Number Percentage (%)
Universities 364 81.4

University of Puerto Rico 306 68.5

Private 58 13.0
Non-university hospitals 78 17.4
Governmental centers 5 1.1

Table 3. Visibility of cancer scientific production by core journals,
1982-2009*

Journal Title LT Percentage (%)** Quartile***
of papers

Cancer 33 7.3 Ql
Int J Radiat Oncol

Biol Phys 32 7.1 Q1
J Clin Oncol 19 4.2 Ql
PR Health Sci J 16 3.6 ND
Blood 16 3.6 Q1
Am J Clin Oncol 10 2.2 Q4
Ann Oncol 7 1.6 Q1
Cancer Treat Rep 7 1.6 ND
J Nat Prod 6 1.3 Q1/Q2
Breast Cancer Res Treat 5 1.1 Q1
Cancer Epidemiol

Biomarkers Prev 5 11 Q1
IntJ Cancer 5 1.1 Q1
J Nucl Med 5 1.1 Q1
Semin Oncol 5 1.1 Q2
Am ) Epidemiol 4 0.9 Q1
Am J Gastroenterol 4 0.9 Q1
FASEB J 4 0.9 Q1
Invest New Drugs 4 0.9 Q1/Q2
J Natl Cancer Inst 4 0.9 Q1
N EnglJ Med 4 0.9 Q1

*The journals most often used by local researchers were denoted as core journals if at
least 4 papers were published in them. Core journals represent 20 journals where 43%
of the manuscripts (n=195) were published.

** percentages were computed using the 451 total journals as the denominator.
***ND = not determined yet, Q1/Q2 = Journals were classified in 2 different research
disciplines getting different visibility values in both.

Discussion

Scientific publications are the most objective and unambiguous
product of global research activity (15). In fact, scientific research
is primarily geared towards the production of knowledge through
publications (15). This study expands our previous knowledge of
cancer scientific production in Puerto Rico (14), as this work also
includes for the first time a bibliometric analysis for non-Puerto
Rican journals and considers journal visibility. Our findings
suggest a growing interest for cancer research in Puerto Rico, as
shown by the increase observed in the number of cancer related
articles during the study period of 1982-2009 (APC=6.4%). This
result is consistent with other studies that have demonstrated an
increase in cancer research publications worldwide (6, 13, 29).
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Also, the increase observed in the number of publications found in
our study is higher than the historic increase previously reported
for cancer-related publications in Puerto Rican biomedical
journals from 1903-2005 (APC =2.7%) (14).

With regard to the standing of the journals used by scientists,
most (70%) of the core journals in which local scientists are
publishing their work are observed to be in the first quartile
(Q1) of their respective areas of research. This is an indication
that the visibility of Puerto Rican cancer research throughout
the period was high, a finding also reported for research in
science and technology in the Island (22). One possible reason
to explain the increment of publications in well-recognized
national and international journals by local researchers (an
indicator of research quality) is due to the availability of local
funding, US grants, and partnerships. As an example, in the last
decades, the National Institutes of Health (NIH) and other
federal agencies have been funding local researchers through
highly competitive grants for research, training, education
and outreach as documented by the NIH Research Portfolio
Online Reporting Tools Expenditures and Results (30). Also,
in 2004, the local government approved legislation to create a
Comprehensive Cancer Center with an appropriation bill of
more than 100 million dollars for the next ten years with the aim
of strengthening research infraestructure in Puerto Rico (31).

Universities were the institutional sector with the largest
amount of cancer-related articles published and specifically,
the University of Puerto Rico, was the most active center in
this regard. A similar pattern has been observed for scientific
production in science and technology in Puerto Rico (22) and
in cancer-related papers published in local biomedical journals
(14). This finding is in keeping with the institutional goal of
making the University of Puerto Rico the leading science and
technology institution and its researchers more active and
competitive at both local and international levels (32-33). It
should be borne in mind in this connection that the executive
and legislative branches of the government in Puerto Rico
perceive scientific research as an activity characteristic of the
university, therefore, the infrastructure of governmental agencies
has not ideally been designed for scientific research (34). Our
results also showed that research articles were the publication
type most commonly used by Puerto Rican scientist to publish
their findings. This result coincides with trends observed in
previous studies conducted in Puerto Rico in the area of science
and technology (22, 35) and in cancer (14).

With respect to scientific collaboration, the relatively
constant average number of authors per article during the last
three decades (APC =-0.1%) does not coincide with previous
bibliometric studies conducted in Puerto Rico that documented
an increase in collaboration, between local and international
researchers (14, 21). Nevertheless, the average number of
authors per cancer-related paper observed in this study (6.7
authors per manuscript) is higher than the previously reported
for cancer papers published in Puerto Rican biomedical journals
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(4.7 authors per manuscript) (14). Scientific collaboration
is rising in most disciplines due, among other factors, to the
growing complexity of research projects, for which increasingly
large numbers of researchers specializing in different areas are
required (22). The cost-effectiveness of available resources is
directly related to the size of research groups, with the quantity
and quality of papers published increasing with the number
of authors (35-36). The rising tendency in the number of
authors within scientific papers is a development identified in
other studies as characteristic of research in the last decades
internationally (37-38), since scientific research today calls for
more and better human and material resources (22).

In order to fully understand the total spectrum of cancer
research in Puerto Rico, it is essential that future bibliometric
studies also evaluate other scientific materials such as
monographs, books, and dissertation thesis. We also recommend
that future bibliometric studies of cancer publications include
citation analysis for authors affiliated to Puerto Rican institution.
This indicator would help us to understand the extent to which
alocal researcher has been cited by other authors, an indicator
of research quality (22). A complete understanding of citing,
publishing, and collaboration patterns in Puerto Rico is critical
to researchers, policy makers, and health-care professionals in
order to make informed decisions about research priorities
(39), public health interventions, and to, overall, guide Puerto
Rico’s Cancer Control Plan (currently in its implementation
phase) (40). Finally, the characteristics and publication rates
of the cancer scientific production in Puerto Rico should be
compared to that of other countries, to further understand our
level of development in the area of cancer research.

Conclusions

In conclusion, our study expands the knowledge of cancer-
related scientific production in Puerto Rico and showed that
cancer-related papers authored by scientists located in Puerto
Rico underwent significant growth from 1982 to 2009 (with the
highest productivity peak observed in the last decades) and that
a high journal visibility was observed for the selected journals
where local researchers published their scientific findings.
Thus, our results support a growth in cancer-related scientific
productivity in Puerto Rico.

Resumen

Objetivo: La produccidén cientifica relacionada a la
investigacion en cdncer en Puerto Rico no ha sido explorada a
plenitud. El objetivo de este estudio es analizar las tendencias
de publicaciones de céncer realizadas por autores afiliados a
instituciones en Puerto Rico en las ultimas décadas. Métodos:
Las publicaciones analizadas fueron obtenidas del Science
Citation Index (SCI) para el periodo de 1982 a 2009. La
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busqueda bibliografica incluyd la afiliacién del autor a alguna
institucion localizada en Puerto Rico y que los manuscritos
estuvieran relacionados a investigaciones sobre cdncer (de
acuerdo a palabras claves de la definicién de cincer del
Instituto Nacional de Cancer). Los indices analizados incluyen
la cantidad y el tipo de manuscrito, colaboracién cientifica,
afiliacion del autor y visibilidad de la revista. Para el manejo
de la informacion bibliogrifica se utilizé ProCite y para el
andlisis estadistico STATA y SEER Joinpoint. Resultados:
De 1892 a 2009, un total de 451 manuscritos fueron escritos
por autores afiliados a instituciones en Puerto Rico. Durante
las pasadas tres décadas la produccion cientifica tuvo un
crecimiento significativo (APC = 6.4, p<0.0S), con el mayor de
publicaciones entre los afios 2000 y 2009 (61.4% de todos los
articulos). Aunque el 94% de los manuscritos fueron escritos
por al menos dos autores, el promedio de autores bajo de 7.5
entre los afios 1982-1989 a 6.5 para el periodo de 2000-2009.
El 43 % de los manuscritos (n=195) fueron publicados en
20 revistas cientificas, de las cuales 14 tienen alta visibilidad,
en comparacion con otras revistas de tematica similar.
Conclusiones: La produccidn cientifica sobre cincer en Puerto
Rico tuvo un crecimiento significativo durante las pasadas
tres décadas. Un mejor entendimiento sobre los patrones
de citacion, publicaciones y colaboracién en Puerto Rico es
necesario para que investigadores, creadores de politica publica
y profesionales de la salud puedan tomar decisiones informadas
sobre las prioridades en la investigacién de cancer.
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