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Abstract

Background: With the growing rate of tumors, cancer has become one of the most important health concerns in Iran. The urgency
with which Iranian researchers and health professionals address this challenge leads to a load of scientific materials.

Methods: To reveal gaps in produced knowledge and suggest future research directions, applying well-validated scientometric
tools, we assessed the trends of Iranian published scientific articles and citations in the field of oncology. The inclusion criteria
consisted of all oncology-related articles that were data-based, and peer-reviewed; with at least an abstract published in English;
and authored by at least one researcher affiliated with Iranian institutions.

Results: Amongst 5063 525 oncology research records indexed in at least one of PubMed, Scopus, or Web of Science Core
Collection (WoS) from the start to February 2019, Iranian researches accounted for about 24867 (0.49%). Published articles
on all cancers by Iranian researchers had a sharp continuously ascending trend, with the same pattern for citations received.
Some important topics such as complementary and alternative medicine (CAM) therapies have been missing and some such as
diagnostic and pharmaceutical innovations have been less investigated. The most collaborative country was the United States,
while no close collaboration was observed with China that was introduced as the most productive country in the field of oncology
over the past decades.

Conclusion: Despite the progressive trend in most oncology fields, some significant practical topics are still missing. Systematic
reviews of produced theoretical innovations and translating them to functional knowledge can be of importance to fulfill the
mentioned gaps.
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Introduction researchers, is the primary need for designing effective

Neoplasms are still amongst the top 10 causes of death in
the World Health Organization’s fact sheet and a major
public health problem worldwide.! They are considered
the third leading cause of mortality and disability-adjusted
life years in the Iranian population.? Nowadays, smoking
and inappropriate diet which exacerbate the disease status
have increased dramatically in urban areas of Iran, along
with additional cancer risk factors including household
air pollution from solid fuels, urban air pollution caused
by fossil fuels, exposure to occupational pollutants, and
drug use.? Therefore, cancer has become a more important
health concern and a major burden of non-communicable
diseases (NCDs) in Iran, and effective interventions need
to be taken in all aspects of the oncology field.

Scientific reliable evidence, which is provided by

interventions. The urgency with which Iranian researchers
have addressed cancers, as a great and continuous threat
to the population, has led to the enormous growth of
publications in the oncology subject. Although knowledge
production in the oncology field is rapidly developing in
Iran, several questions are still unanswered and several
points are still missing.

Periodic review of research progress in the oncology field
is of significance to both researchers and policymakers
in order to make proper evidence-based policy and
develop national cancer control plans.* Scientometric
studies are reliable approaches to analyze and justify
previously produced knowledge and reveal gaps in current
knowledge and suggest future research directions.” A
notable publication has recently quantified and analyzed
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the trend of scientific publications on four main NCDs,
including cancer, in a 17-year period.® Furthermore,
several scientometric studies in oncology were published,
focusing on one cancer in particular.”® Nonetheless, a
detailed scientific analysis of Iranian researches related
to most main cancer sites listed in GLOBOCAN-IARC
database has yet to be undertaken, while some countries
have already carried out deep researches on the subject.”"!

Considering the mentioned background, in the
present scientometric analysis, applying well-validated
scientometric tools, we assessed the trends of Iranian
published scientific articles and citations in the field of
oncology research, focusing on main cancer sites listed in
GLOBOCAN-IARC database, from the start to February
2019, in an attempt to offer an overview of the considered
research status. Although, through the obtained results, the
main topics being researched in the oncology field in Iran
can be identified, along with the publication trends, the
main research institutions, and international and national
collaboration networks, the main aim of this study was
to reveal gaps in produced knowledge and suggest future
research directions.

Materials and Methods

Data Source

A longitudinal analysis of Iranian research publications
in cancer (1974-2019) was performed. PubMed (https://
www.ncbi.nlm.nih.gov/pubmed/), Scopus (https://www.
scopus.com/) and Web of Science Core Collection (WoS)
(http://apps.webotknowledge.com/) were searched for
data during February 2019, using search strategies shown
in Supplementary file 1. WoS and Scopus are online
bibliographical multidisciplinary publication and citation
databases, available through subscription and were accessed
from the Iranian Ministry of Health and Medical Education
(MOHME). PubMed is the largest database of biomedical
science literature that comprises about 29 million citations
from MEDLINE and PubMed Central databases.

In order to balance the sensitivity and specificity of the
data, a list of 17 cancers with the highest incidence rates in
the country was selected from the GLOBOCAN database.
Top cancers with the highest age-adjusted incidence rates
were selected for analysis. The selected cancers included:
breast, colorectal, lung, prostate, lymphoma, leukemia,
stomach, esophageal, bladder, cervix, ovary, uterine,
thyroid, liver, pancreas, central nervous system, and skin
(including melanoma) cancers. Furthermore, sensitive
search strategies were developed for any cancer and any
database by an expert librarian. Major MeSH headings,
as well as text words, were searched for each cancer site.
Data were extracted in a plain text or comma-separated
(CSV) formats and then imported to EndNote version
X8 for duplication removal and relevance assessment. The
retrieved records were also assessed to identify the most
relevant records. Articles published in 2019 were not

included in the analysis, as the indexing procedure was not
completed in WoS and Scopus at the time of downloading.

Bibliometric Indicators

In order to assess the overall productivity and growth of
cancer rescarch, total publications and average annual
growth rate (AAGR) were calculated. The AAGR was used
to provide a better overview of changes in productivity.
The AAGR measures the average growth of productivity

across a series of equally spaced time periods.

Statistical Analysis

Descriptive statistics including frequencies were used for
data summarization. Spearman correlation coefficient
was used to investigate statistical associations among total
publications and a range of socioeconomic indicators.
Level of 0.05 was considered significant for two-sided
tests. VOSviewer version 1.6.4 was used to illustrate co-
occurrence and co-authorship networks for each cancer.

Results
By the February of 2019, Iranian researchers have published
24867 articles in oncology and cancer-related fields. The
temporal changes of Iranian cancer-related publications
over the past two decades are illustrated in Figure 1.
According to this figure, the overall annual rate of cancer-
related publications indicated a rising pattern during
the study period. Additionally, the overall contribution
of Iranian publications to the world’s cancer research
also increased from 0.04% in 2000 to 1.68% in 2018.
According to cancer site, breast cancer (n=1128, 4.5%),
leukemia and hematopoietic cancers (n=422, 1.7%) and
colorectal cancer (n=400, 1.6%) were the most dominant
topics of Iranian cancer research during this period. Figure
2 illustrates the AAGR of Iranian publications according
to cancer site. According to this figure, the liver (AAGR =
4.23), cervix (AAGR = 3.82) and thyroid cancer (AAGR
= 3.28) indicated the highest rates of publication growth
rate during the study period. In contrast, esophageal cancer
(AAGR = 1.41) and leukemia (AAGR = 1.55) represented
the least annual growth rate among cancer sites.

Further inspection of available citation data highlighted
the rising pattern of Iranian scientific impact in cancer-
related fields. The temporal changes of total publications as
well as citations per publication are illustrated in Figure 3.

A comparison of Iranian cancer-related scientific output,
age-standardized incidence rates for the most common
cancers, and cancer death incidence in Iran is illustrated
in Figure 4. According to this figure, the distribution of
research publications and respective incidence rates for
each cancer indicated almost significant gaps between
research priorities and incidence rates of cancers of
prostate, bladder, skin

leukemia. However, considering cancer death incidence in

(including melanoma) and

Iran versus the produced research topics, it has become
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Figure 1. Publication Patterns of Iranian Researches on Oncology Indexed in Scopus, PubMed, and WoS from the start to February of 2019. (A) The trend of
year-wise publications on the oncology field and the percentage of publications contributed by Iranian researchers. (B) The trend of publications on oncology,
according to cancer sites. (C) Year-wise analysis of Iranian research production by cancer site.
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Figure 2. Average Annual Growth Rates (AAGR) of Iranian Cancer Research Publications Indexed in Scopus, PubMed, and WoS by Cancer Site from the Start

to February of 2019.
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Figure 3. Publication Patterns of Iranian Researches on Oncology Indexed in WoS from the Start to February of 2019 Versus the Received Citations.

apparent that some most common lethal cancers including
lung, brain, and nervous system have not been studied
enough.

Article Type, Sources, and Major Subjects
Original articles indicated the greatest share of publications
in almost all cancers with 92.4% of all published articles
related to oncology research, while 4.7% were review
articles and the remaining were letters, and conference
proceedings (Figure 5A; Supplementary file 2, Table S2).
Among all publication sources, the Asian Pacific Journal
of Cancer Prevention has published most of the concluded
publications followed by the Archives of Iranian Medicine
and Journal of Isfahan Medical School (Supplementary file
2, Table S3).

Based on major research subjects,

all

research

publications were categorized as four classes of basic,
clinical, epidemiological or therapeutic research. This
approach also allowed us to explore whether the research
production in the cancer site level is more or less associated
with the major capacities and research domains in the
country. Our findings indicated that basic sciences
had the largest contribution to the national cancer
research production followed by epidemiological and
clinical sciences (Figure 5B, Supplementary file 2, Table
S2). The frequent terms network in Iranian oncology
publications is also in concordance with these findings,
while revealing some research gaps such as complementary
and alternative medicine (CAM) therapies along with
weak focus on pharmaceutical researches and diagnostic
inventions (Figure 6 and Supplementary file 3). According
to this figure, basic science keywords comprised the

Iranian research publications
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Figure 4. A Comparison of Iranian Cancer Research Publications Indexed in Scopus, PubMed, and WoS Versus Age-Standardized Incidence Rates of Cancers in
Iran According to the Globocan 2018 Database and Cancer Death in Iran According to the Global Burden of Disease 1990-2016 (GBD).
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Figure 5. Publication Pattern of Iranian Oncology Researches Indexed in Scopus, PubMed, and WoS Based on (A) Articles Type and (B) Major Research Subjects.

largest proportion of highly cited articles followed by
epidemiology and clinical sciences.

Authorship, Co-authorship, and International Collaboration
According to Scopus data, up to February 2019, most of
the publications were authored by academics of the Tehran
University of Medical Sciences followed by Shahid Beheshti
University of Medical Sciences (Supplementary file 2,
Table S4). Co-authorship and co-occurrence networks for
all included cancers are illustrated in Supplementary file 3.
These networks help identify the most productive research
areas and individual authors for each cancer site. Based on
Scopus results up to February 2019, Iranian researchers
active in the oncology field have had the most collaboration
with the United States, followed by the United Kingdom
and Canada (Figure 7 and Supplementary file 2, Table S5).

Discussion
This study provides interesting insights into the Iranian
cancer research landscape. It provides a comprehensive

view of the quantity, quality and knowledge gaps of
Iranian cancer-related scientific output by analyzing
thousands of publications in major scientific datasets. Our
findings confirmed the sharp rising pattern of research
production in cancer-related fields by Iranian scholars over
the past two decades. Additionally, the growing pattern of
citations per publication, as well as the overall citation rate,
indicated the rising pattern of the quality of publications.
Breast cancer, leukemia, and colorectal cancer were the
most prominent research topics among cancer sites.
The overall rising pattern of Iranian scientific output
in cancer-related fields indicated the growing interest of
Iranian scholars and academics in the field of oncology
over the past two decades. This pattern was similar to
the overall scientific output of Iran in other scientific
areas including basic sciences and engineering. Current
evidence suggests that the overall annual rate of scientific
output in Iran outpaced the global trends in scientific
publications.'*'* According to a published report by the
“Science-Matrix”, the overall scientific output of Iran

casce.agn.Esopage'\eoplasm*

polymerase ghaip reagsigp  ©35¢ Entol Rudies ©
@survivgl rat

te ® i
ospectiye studies cancergegistry
U"US'S. q’ k‘orsﬁ.
!lm@ature

humapytissue b

breast l’p%ms.. @

biomarkers, tumor 1
® \stop‘

" v ology

2% 1380055 ethodolo
metal nanoparticles o & gene r“atlon
gold nanoparticle ®_ clinicalgricle

v &
enetics
procedures g T
wmors  folic.acid @‘hology PiE

nanotechnology

nanoparticles

fancer therapy,, o9 -
drug delivery chemlstry protein carcinogenes
particle size
liposome human cell

drug release

cell line, tumor

cytotoxicity.
cancer cell culture,
drug screening assays, antitum -tgpﬂ ® oidatiye stress
ic50 rat plantextractiantioidany © ¢
molecular stricture  drug structure’ L

6‘}5 VOSviewer ' fiVonoigs aDtioXidant activity

corrélation analysvs meta@nalygis

mWIlsm w w, wr|?neoplasm 'uepwsmn-

¢
zeta potential  tumor cell line unclasw d;ug’ toxicity 4 cytowves glugose o

“‘éﬂewwa
s .vw f interleukin 6
L L ignal transduction
Yo
iPWsns ‘vwgmwamm mﬂArwatlon

™

atherosglerosis

oholgrinking 2O

sk as'sier“

@ @t gpalysis  ifessyl incilgnces
x difference
- - ado.:er. ™Y )

. frevalerite b'"ﬁ"' b
physicaactivit sexﬁwo P
phy: ity stuma.canc% mo.my
#ial © & nutritionabideficiency
cause@f degth @ ¥
ncer GG @ ocrime ctease
statistics Ahdipumericaldata S
@ @nietygisorder low bagk W\R
™ peptiguicer Sy injury
L gasn® o ‘nevaovwvsease
Sivecighdsis © <0
© 7 drugdependencg
hepatitisc chironic liver disease

prostatgicancer @ & @ liver @ancer

lungigancer diabetegmellitys®

colorg@ancerchyonic ymptatileu@mia, ot 0 ‘“nu' -
Quanyigancer cigonic myeloid 18UkEmia leishmanfasis, e *
te_sns(an;er e o .

alzhenm.dls!ase ’ve’::(l;;ahus Preature "’E"E o
viscegal leishmaniasis

parklns. disease  ® pancreatth
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Figure 7. International Collaborations in the Oncology Research Field Based on Iranian Oncology Articles Indexed in Scopus. The size of the nodes is related to
the number of documents, and the color reflects clusters of international collaborations according to co-occurrence data.

during 1996-2008 was 18 times higher than the world
publication pattern.'>” Since then, the rapid growth
of scientific output by Iranian scholars was further
confirmed by several international reports that confirmed
Iran as an emerging regional leader in science. Changes
in demographic structure, increased average years of
schooling, expansion of university capacities as well as
government policies on higher education and research have
been well documented as the major factors that affected the
Iranian’s academic landscape significantly.'*'%"” However,
the role of government policies on faculty promotion and
student graduation heavily contingent upon scientific
output and publication in peer-reviewed journals has been
identified as the key driver contributing to this process.
Besides the quantity of scientific output, citation
indicators including citations per publication have been
proposed as another aspect of scientific output worldwide.
Our findings confirmed the rising pattern of Iranian’s
scientific impact according to citations per publication
indicator over the past two years. However, the available
evidence suggested that the quality of Iranian publications
(in terms of aggregate citations received) underperformed
its global rank in scientific publications. Medicine and
health were also presented as areas that received lower
rates of citations among other academic disciplines over
recent years."#'® This process may be justified by a great
increase of graduate students over the recent years despite
a plausible reduction of new faculty recruitments. Lack
of qualified research experts, training on research ethics
and lack of strict measures and regulations regarding
punishment for plagiarism have resulted in a considerable
volume of retracted articles and low-quality publications
in a way that manifested Iran as the country with the
highest plagiarism and retraction rate among others.'®
Breast cancer was the dominant topic of Iranian
publications over the past two decades. Breast cancer is the
most common cancer among women in Iran and the world.
According to the GLOBOCAN data, the age-standardized

incidence rate of breast cancer was estimated at 28.1 per

100000 population for Iranian women. However, the age-
standardized mortality rate of breast cancer was estimated
at 9.9 per 100000 population. Compared with previous
data, the incidence and mortality of breast cancer indicated
substantial growth over the recent years and this trend
would increase by 2.17-fold by 2035."* Colorectal and
leukemia are the next common cancers in Iran, indicating
a similar growth over the recent years. These striking
patterns of incident cancers among the Iranian population
call for further resources for the cancer surveillance system
and evidence-based cancer control programs. High-
quality cancer research is the key driver to produce robust
evidence and assist policymakers to establish cost-effective
interventions according to national health priorities.

As mentioned previously by several scientometric
studies on other subjects, Iranian researches in cancer-
related studies are also more concentrated on basic sciences
and theoretical innovations rather than systematic reviews
of produced theoretical innovations and translating them
to functional knowledge.*'**' Both article type analysis
and frequent terms networks prove this fact (Figures
5 and 6). Considering the value of systematic review
studies in evidence-based decision-making, and even for
future research planning, encouraging researchers towards
systematic review studies appears to be of high importance.

The strategic diagram on the frequent terms networks
of Iranian oncology publications (Figure 6 and
Supplementary file 3) revealed that the terms of CAM
therapies are missing in the research literature, related to
all considered cancers. However, with the rapid clinical
development in the oncology field, over the past two
decades, the mortality rate among some cancers reduced
and the growing survivor group are now dealing with the
quality of life challenges caused by treatment-associated
side effects.”* Addressing this challenge, CAM therapies
are being developed for the treatment of cancer-related
comorbidities, and are now being used by approximately
one-third of cancer patients in the developed countries.?
This might be a new research direction that must be
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further addressed by Iranian oncology rescarchers.
While China is the most productive country in the field
of oncology research,'® as represented in the collaboration
map (Figure 7), the first notable Iranian collaboration was
with the United States, followed by the United Kingdom
and Canada. However, it is notable that the United States
received more citations than China with approximately
1000 fewer documents and reduced percentage of
documents in Q1 proportionally, and is consequently
considered a proper candidate for collaboration.'
According to the results, Iranian researchers have close
collaboration with India, as well. A previous study showed
that India has greater than 60% of documents published
in Q1.1 Despite this, more effective collaboration with
Chinese oncology researchers might be also beneficial.
Further methodological considerations for this study
should be noted. First, our findings were limited to searches
in the PubMed, WoS and Scopus databases. Searching each
database required a special search strategy according to the
database’s search tips that may lead to different results. For
example, MeSH headings are only available through the
MEDLINE and PubMed interfaces. Database variations
could affect the sensitivity and specificity of retrieved
results. However, merging retrieved results from different
databases could increase the overall coverage and provide
a better overview of the topic of interest. Next, access to
citation reports from WoS and Scopus is rather different
due to database structures and strategies. Therefore,
citation data are not routinely merged as for documents.
This could lead to underestimation of citation patterns in
this study. We used the age-standardized incidence rate of
cancers for comparing current research priorities with the
epidemiology of cancers in the country. However, incidence
data may have limited implication for priority setting in
this area and we need further tools such as the burden of
the disease in the country. Unfortunately, comprehensive
data about the burden (disability-adjusted life years) was
not available for all cancer sites in Iran and therefore,
this data was removed from the study. Additionally, our
study focused on the quantitative analysis of Iranian
publications in cancer science over recent years. So, we
failed to compare this process with other countries such as
Turkey, Brazil, and China as emerging scientific leaders in
the world. But recent evidence” demonstrated the global
landscape of cancer science by bibliometric and network
analysis methods. Findings from this report suggested
the contribution of the aforementioned countries to the
world’s cancer research. Additionally, our study failed
to demonstrate the impact of the Iranian cancer-related
publications on policymaking, improving the quality of
health services provided to patients or even improving the
health system. However, the available evidence suggested
that a small proportion of scientific publications have been
used in policymaking or clinical guidelines. This may be
explained by the fact that most research studies are not

compatible with national needs and priorities.?

In conclusion, this study provides a scientometric
analysis of oncology research in Iran from the start up
to the February of 2019. Using the three most reliable
databases, by the most coverage in health and biomedical
publications, this article is a rare study of this kind. While
the overall research trend has shown acceptable clear
progress, there are still weaknesses, especially in term of
systematic reviews of produced theoretical innovations and
translating them to functional knowledge. No significant
measure was implemented in the field of diagnostic and
pharmaceutical innovations, as well. It is necessary to
encourage researchers to shift the focus from basic sciences
to producing more translational knowledge and providing
required evidence and innovations for national evidence-
based decision-making and cancer control program.
Improving and expanding knowledge exchange networks
and encouraging national and international collaboration
could be of great value for developing advanced and
functional research direction by sharing experience gained
over many years of professional work and achievement. It
can also encourage researchers to shift the focus from basic
sciences to producing more actionable knowledge and
providing required evidence and innovations for national
evidence-based decision-making and cancer control.
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