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Abstract

Background: Advances in next-generation sequencing technologies are changing the ways cancer diagnosis and treat@
which leads to a new branch of precision medicine: “Precision Oncology”. This study aims to deliver a structured overview to carry
out a bibliometric analysis of precision oncology research over the past 10 years retrospectively.

Methods: Bibliometric methods including clustering analysis and co-occurrence visualized study were conducted based on
publications of academic databases Web of Science Main Collection from 1st January 2012, to 31st December 2021. This study
analyzed the information about related research outputs, countries, institutions, authors, cited papers, and hot topics.

Results: 7163 papers related to precision oncology were identified. Since 2014, the number of articles has proliferated, and
oncology precision has attracted significant attention from scholars worldwide in recent years. The USA leads the research in
this field, and the League of European Research Universities is the primary research institution. Research institutions from Asia
paid more attention to this field through high-level international cooperation. Besides, there are still many issues expected to
be explored and evaluated correctly. Such as the considerable uncertainty that pharmacogenomic methods have no significant
influence on patient outcomes.

Conclusions: Precision oncology serves as an essential method in clinical treatment, and is closely related to biological study,
including biochemistry, molecular and genetics, advanced technology, and pharmacology discovery. The future research prospect
would be the broad involvement of social participation and global cooperation in oncology precision research to acquire better

results via the balance of technology and public health policy.

Abbreviations: EGFR = epidermal growth factor receptor, HR = hazard ratio, TP = total publications.
Keywords: bibliometric analysis, cancer, mapping knowledge domain, oncology precision, precision medicine

1. Introduction

Precision medicine is defined as targeted treatments toward
individuals’ needs based on the genetic, biomarker, pheno-
typic, and psychosocial characteristics.!"! It was first put for-
ward by American medical scholars in 2011. The former US
president Obama Barack declared a proposal for precision
medicine study in January 2015.2 And the prospect of pre-
cision medicine’s application has been dramatically improved
in the past 10 years by the development of large-scale biologic
databases, like the human genome sequence, computational
tools for analyzing large sets of data, and robust methods for
characterizing patients(including proteomics, metabolomics,
genomics, diverse cellular assays, mobile health technology).!
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Moreover, Jones et all® found a growing emphasis on recent
drug discovery efforts on the epigenome (DNA methyla-
tion and histone modifications). Xiong et al¥ developed a
machine-learning technique to facilitate precision medicine
application and whole-genome annotation. Robinson et all¥!
established a multi-institutional clinical sequencing infrastruc-
ture for the development of the precision medicine frame-
work for metastatic, which could have impact on individual
treatment decisions. Therefore, rare diseases and uncommon
cancers could get real-time guided, individualized prevention
and therapeutics to improve results by existing technological
advancements.*

Cancer is a hot research field because it is an increasing cause
of death worldwide.”? And the advancement in next-generation
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sequencing technologies is changing the ways of cancer diagno-
sis and treatment.”! “Precision Oncology” is a branch of preci-
sion medicine.””’ Oncology rationally sits as precision medicine
application’s pioneer.°! Cancer is a genomic disease. Research
has already revealed that inherited genetic variations have sig-
nificant effects on the prevalence of cancer, and most cancers
attribute to the combined impact of proto-oncogene and tumor
suppressors.'®l They work together to control the molecular
pathways and genetic expression.') Based on this understand-
ing, cancer’s influence risk assessment, diagnostic categories, and
therapeutic strategies (attention to drugs and antibodies focus
on fighting the impact on specific molecular drivers) have taken
advantage of the oncogenic biological mechanisms.”? Oncology
has become a unique verifying field for the genomics-driven
framework in medical research. The Cancer Genome Atlas and
the International Cancer Genome Consortium have inspected
about thirty thousand multiple cancer genomes to contribute to
the classification of numerous targeted genomic cancer causes.
Moreover, advanced precision diagnostics and targeted antican-
cer agents have been applied in clinical use. And several have been
confirmed to be extraordinary.’! For example, Mullane et al®!
stated that PARP-1 makes a difference in targetable alterations
for castration-resistant prostate cancer. Druker et al'® proved
that imatinib mesylate is highly effective against a blood cancer:
chronic myeloid leukemia carrying the BCL-ABL1 chromosomal
translocation. And tamoxifen is used to develop a molecularly
driven treatment aiming at estrogen receptors in breast cancer.®!

Bibliometrics analysis takes literature as the unit of measure-
ment, time as the axis sets mathematics, statistics, and philol-
ogy as a whole. It is a more useful quantitative measurement
compared with the “subjective” and “objective” methods (intu-
itive assessment methods, e.g., peer review). It has been used
since scientific papers were first published in the seventeenth
century."! Nowadays, it is a common trend to combine bib-
liometrics, quantitative and statistic methods to describe pub-
lications’ patterns, scientific development, funding purposes,
scholars’ contribution, international cooperation, and citation
within a given research field,"” which can provide an overview
of a global dynamics of science in the past few years.["3l And the
bibliometric method has already been widely applied to medi-
cal-related topics such as cancer,!'?l mental health,/"*! Dendritic
Epidermal T Cell (DETC) research,!"! nonspecific low back pain
research,' and hepatology.!'”! Several researchers have reported
a lot of productive work, instrumental in specific policy-making
and clinical guidelines development.!'®!

Although a large number of systematic reviews and meta-anal-
ysis had been conducted to state the research status of precision
oncology, a little study provided an overview growing trend in
this field. So, the paper’s primary purpose is to develop a sum-
mative evaluation of existing research and potential innovative
research aspects of precision medicine applied in the cancer
research field from 2012 to 2021. It covers quantity, keywords,
clustering, geographic feature, co-work, and bibliographic cou-
pling analyses, which are meaningful for understanding the
external characteristics and internal focus of the existing litera-
ture.l' They also provided information about the contributions
of authors, institutions, and countries in this research field.!""!
The paper consists of three chapters: methodology, results, and
discussion, conclusion. The first part describes the study design,
including data acquisition, exclusion process, and data analy-
sis methods. Part two begins by laying out the evaluated result,
then having in-depth discussions. And the design or analysis
restrictions of this study were considered. The third part gives
summative conclusions following above.

2. Material and methods

This study carried out a retrospective search based on the
bibliometrics analysis methods using the Web of Science core

Medicine

collection database, which is considered the largest compre-
hensive academic information resource in the world and the
ideal database for bibliometrics analysis. This database cov-
ers over 12,000 international journals that have the highest
impact, highly qualified scientific findings, and more than 8700
influential core academic journals in natural science, biomed-
icine, and other research fields.?® Several studies have shown
that the Web of Science core collection database plays a vital
role in discipline development research. The edition of 2021
Journal Citation Reports, issued by the Institute for Scientific
Information, has also been chosen as the source of our required
data.l2122]

The search strategy in the Web of Science core collection is
as follows: ((“Precision Medicine” [TS] OR “Precise Medicine”
[TS]) AND (“Cancer” [TS] OR “Oncology” [TS] OR “Tumor”
[TS]).

According to the retrieval formula, 8651 papers were
obtained. Then, we developed criteria related to the research
objectives based on the topic, period, and other characteristics
of these papers to guide the other paper selection. The inclusion
criteria were that the period of publications is from January 1,
2012 to December 31, 2021, and the search database is limited
to the Web of Science core collection. And the search field is
precision oncology. The exclusion criteria were that we sifted
out date papers, reprints, and hardware reviews. Projects hav-
ing anonymous authors and repeated research papers were also
excluded.

Finally, 7163 of them were included in the analysis according
to the developed standards. Figure 1 shows the selection pro-
cesses. Data were collected from January 17, 2022 to January
22,2022. (We believe the data-collection date would only have
a slight impact on the conclusion as these data arise from global
precision medical research on cancer in a given period and are
used for comparative reasons.) The selection process is visual-
ized in Figure 1. Finally, related data was saved in TXT format
and sorted into different tables according to their categories.
Diverse clustering results were presented as a content schema
with texts, figures, and tables using Excel, VOSview-1.6.5, and
CiteSpace-5.8. R3.

3. Results

3.1. Increase pattern of the annual publication

The timely changed papers number can highlight the develop-
ment tendency of a research field from the bibliometric perspec-
tive.?¥! From 2012 to 2021, the number of annual publications
on oncology precision grew year by year as shown in Figure 2.
From the figure, only 12 (0.17%) papers were published in
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Figure 1. Selection process.
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Figure 2. Annual publication pattern.

2012, while it increased 126.75 times by 1522 (21.23%) in
2021. The comparison represents a sharply increasing aware-
ness in Oncological precision medicine research. Furthermore,
the changing pattern can be roughly divided into three stages:
Initial Stage (2012-2013). At this stage, the progress slowed
to a crawl. The annual increment was only 30. Stage of Rapid
Development (2014-2017). During this period, the number of
papers increased significantly, with an average annual growth
of 228. Stage of Steady-state Development (2018-2021). At this
stage, the publication number was in large quantities, with an
average of 1271 papers being published each year. Over third
times more articles were published in the third stage (6483,
75.683%) than that in first two stages. From the above discus-
sion, the conclusion can be reached that Oncology precision
medicine has become a considerable issue in medical research.
Significantly more work will be done in this area, and it is
expected to reach new heights by 2025.

3.2. Geographical distribution of research output

National publications can objectively reflect the research level
and strength in an academic field of a country or territory.?*!
This study selected papers on a global scale to figure out the
actual research activities conditions. The global spatial clusters
in cancer precision research were visualized in Figure 3, which
were mainly concentrated in the USA, Western Europe, and
Asia. Statistics demonstrated that 109 countries or territories
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had papers in this domain, and 9.7% had papers exceeding
100. A special concern needs to be given to the USA, which
had the largest number of papers (3376,47.13%). These results
indicate that the USA has grabbed and controlled the top prior-
ity in this research field with the advanced medical levels. And
there has been a discernible gap in related research between
the USA and other countries. China ranked second with 1175
papers (16.40%), staying one step ahead of other countries
and having shown favorable development prospects, followed
by Italy (600, 8.38%), Germany (457, 6.38%), and the UK
(452, 6.31%). Moreover, nine developed countries (USA, UK,
Germany, Italy, Canada, France, Australia, Spain, Netherlands,
and Japan) are in the top ten countries/territories. It provides
direct evidence for the developed countries’ leading position in
academic research. And it is not startling to find this domination
as it has appeared in many research fields. This phenomenon
may be closely correlated with the top economic and scientific
technology level of these countries. In addition, the strength of
oncology medicine research reflects the clinical application sta-
tus of this method to some extent, and there may be significant
inequality in the application of precision medicine in cancer
treatment among countries. And the main points for broad and
fair access to precision cancer medicine rely on the national
health system and overall technology level. So, these two parts
may be the main focus of promoting the application of oncol-
ogy medicine in the future.

3.3. Prolific institutions and their research impact

To figure out the main force of this research field, we chose to
list the distribution of research institutions. A total of 6059
institutions were involved in the publication of “precision med-
icine” and “cancer” from 2012 to 2021. League of European
Research Universities was the most active institution in this
research field with the largest number of 567 papers (7.91%).
Table 1 shows the detailed information for the top 10 research
institutions (ranked by the number of papers). These institu-
tions listed in Table 1 are considered the academic leader in
this field. Their research results and academic papers represent
the highest standard in the world. Furthermore, six of them
are high education institutions. It was learned that universities
plan an essential role in oncology precision research and extend
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Figure 3. Worldwide publication distribution.
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Top 10 institutions of oncology precision medicine during
2012-2021.

Rank Research Institution Total publications Country
1 League of European Re- 567 EUR
search Universities LERU
2 Harvard University 444 USA
3 University of California 377 USA
System
4 University of Texas System 332 USA
5 National Institutes of Health 266 USA
NIH USA
6 UDICE French Research 256 EUR
Universities
7 UTMD Anderson Cancer 228 USA
Center
8 Harvard Medical School 227 USA
9 Institut national de la santé et 223 EUR
de la recherche médicale
10 Dana Farber Cancer Institute 221 USA

their in-depth learning. Then, this study used VOSviewer to
build a co-work institution network (Fig. 4). In this figure:
Each institution names’ font size and the circle show its pub-
lication number. The thickness of the linking line shows the
cooperative intensity between institutions. The different colors
represent different clustering statuses. The figure illustrated
there had been fixed co-work nets among these research insti-
tutions. The co-work net is also stratified by region (Fig. 5),
especially within the USA and Europe. Moreover, it is worth
mentioning that research institutions from China mainland,
Japan, Singapore, and Taiwan paid more attention to this
field through high-level international cooperation. The rapid
increase in related input and output may be closely linked
with the progress of scientific research and the growth of eco-
nomic strength in Asia. The research has been considered by
these Asia advanced economies. They are also willing to work
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together or with emerging developing countries, which draws
the attention of the world.

3.4. Productivity and co-work across authorship

The publication of authors and their co-work nets could help
determine whether there are outstanding scholars who lead the
research way in this field, and provide information about the
status of the collaborations among authors, which is import-
ant for future research development.!'®! In this study, 35,175
authors from 37 different countries were recorded in the
Affiliation field of Web of Science Main Collection related to
the precision medicine applied in the cancer research field. The
top 10 authors who made the most outstanding contribution
have 353 papers. Table 2 provides detailed information on
the top 10 authors’ publication amount and research impact.
Among the table, Total publications (TP) and h-index were
reported. TP can be understood as the output frequency of a
researcher in one research field. The h-index is another mea-
surement method. It represents an author who has published
at least h papers having at least h citations, which is simple
and handy to measure the impact of a researcher.?! The paper
tried to estimate the academic level of researchers related to
cancer precision medicine on a global level by employing these
indexes and got a surprising output: the author’s rank in the
number of papers does not exactly match the h-index’s rank.
Wang, Yu (Shanghai Jiao Tong University) had the largest num-
ber of publications but ranked seven based on the h-index. Li,
Yan ((Shanghai University of Traditional Chinese Medicine)
and Zhang, Yan (Ohio State University) met the same situation.
They have many papers in this field, while the papers’ qual-
ity may not be as good as expected. Then Kurzrock, Razelle
(Medical College of Wisconsin), and Wang, Jing (University of
Texas M.D.Anderson Cancer Center), whose h-index ranks first
and second respectively had satisfying results with a great num-
ber of publications. So, we are awarded that there may not exist
a most reliable independent parameter to evaluate the quality
of research. It is a cue for the further analyzing approach: the
way to earn an accurate and completed result should be on
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Figure 4. Institutions co-work net of research on oncology precision.
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Figure 5. Institutions belonged to countries’ collaboration pattern of research on oncology precision.

the integration of various indicators instead of isolated indi-
cators. In addition, the co-work net for authors was estimated
in Figure 6. From the visualization network, there had been 5
main cooperation clusters. But there was no clear co-work pat-
tern among the most influential researchers. For future research,
promoting collaborations among high-quality authors’ may be
a good way to improve the paper’s quality.

3.5. Most frequently cited papers and citation visualization
analysis

Citation analysis is a formal and scholarly founded method. It
can measure the impact of research. This study used CiteSpace
to filter out the 25 most cited papers involved in cancer preci-
sion medicine and get their burst characteristics to identify the
classic papers in the field across time. The table of the Top 25
references with the strongest citation bursts (Fig. 7) could reflect
the annual change trend, evolution, and inheritance relation of
studies in this field.1?’! These most cited papers supported some
essential conclusions as follows.

Mok et al?”! conducted a phase 3 open-label study to get the
conclusion that compared to carboplatin-paclitaxel, Gefitinib
is the better medicine for pulmonary adenocarcinoma among
nonsmokers or ever smokers in East Asia (HR for progression
or death: 0.74, 95% CI: 0.65-0.85, P <.001). Especially for
patients who have the epidermal growth factor receptor (EGFR)
gene mutation. Meanwhile, these two medicines would have
side effects. For gefitinib, it would be rash, acne, and diarrhea.

For carboplatin-paclitaxel, neurotoxic effects, neutropenia, and
alopecia are much more common.?”! This outcome was cited
chiefly between 2013 to 2017.

Murtaza et al®¥ followed up with 6 patients having advanced
breast, ovarian and lung cancers and got plasma samples at
regular intervals to report that quantification of allele frac-
tions in plasma pointed out developed representation of mutant
alleles in relationship with the appearance of therapy resistance,
including an activating mutation in PIK3CA after treatment
with paclitaxel. These results support that exome-wide analy-
sis of circulating tumor DNA was another meaningful invasive
biopsy method for acquired drug resistance-related mutation
identification.”?®! This paper was cited 1155 times during 2014
to 2017.

Gerlinger, Marco et al stated that intratumor heterogeneity,
which relates to heterogeneous protein function, would have
negative impacts on the tumor genomics landscape portrayed
using one tumor-biopsy sample.*”! This effect may result in ther-
apeutic failure via Darwinian selection, which hinders the devel-
opment of precision medicine and biomarkers.*’! This study
was cited 5158 times during 2014 to 2017.

Furthermore, most of the papers of the 25 in Figure 7 were
published in the New England Journal of Medicine, Nature, and
Ca-A Cancer Journal for Clinicians, which have great influence.
So, these journals are worth studying carefully, which may have
promising beneficial effects in later research on cancer precision
medicine. And the papers listed below would be of great signifi-
cance to be used as references.

Top 10 productive authors in publications of oncology precision medicine during 2012-2021.

Author P TP Rank H-index Rank (h-index) Institution

Wang, Yu 46 1 15 7 Shanghai Jiao Tong University
Kurzrock, Razelle 40 2 133 1 Medical College of Wisconsin

Li, Yan 39 3 12 8 Shanghai University of Traditional Chinese Medicine
Zhang, Yan 37 4 5 10 Ohio State University

Wang, Jing 36 5 77 2 University of Texas M.D. Anderson Cancer Center
Jing Li 34 6 29 5 Georgia Institute of Technology

Chen, Yangshan 33 7 10 9 Sun Yat Sen University

Liu, Yan 31 8 18 6 Capital Medical University

Elemento, Olivier 29 9 74 3 Cornell University

Liu, Joyce F. 28 10 39 4 Dana-Farber Cancer Institute

TP = total publications.
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3.6. Research hotpots the VOSviewer Tool to create a keywords co-occurrence and

o , clustering network to identify the research topics of oncology
Co-word analysis is a c?mplex network 1nalyt1cal method. kIt precision medicine papers.’!l The 'network was pruned by drop-
attempts to extract data from a paper-set, then creates networks  ping isolated nodes and edges to increase the map’s clarity. The
based on co-occurrences, likenesses, or other links to that data.  §na] network consisted of the top 300 nodes (Fig. 8). Nodes
This method promotes bulldmg and visualizing the structure  were sized relative to the appearance count of keywords; the
inherent to a set of publlcatlons ! Co-occurrence analysis and  thickness of lines was an indication determined by the occur-
clustering research are important indicators for tracking scien-  rence frequency of keywords at the same time among these
tific developmfont, Wh‘_Ch can be used to show the aroused gen-  papers, which can show the correlation between keywords.
eral interests."! In this study, paper records were loaded into  Fyrthermore, VOSviewer stratified the keywords and applied

Top 25 References with the Strongest Citation Bursts

References Year Strength Begin End 2012 - 2021
Mok TS, 2009, NEW ENGL J MED, V361, P947, DOI 10.1056/NETM0a0810699, DOL 2009 2241 2013 2017 o s s o o
Murtaza M, 2013, NATURE, V497, P108, DOI 10.1038/nature12065, DOL 2013 16.97 2014 2017 e

Gerlinger M, 2012, NEW ENGL J MED, V366, P883, DOI 10.1056/NEJMoa1113205, DOl 2012 16.44 2014 2017 e e
Hudson TJ, 2010, NATURE, V464, P993, DOI 10.1038/nature08987, DOL 2010 15.65 2014 2017 e e e
Shaw AT, 2013, NEW ENGL T MED, V368, P2385, DOI 10.1056/NEJMoa1214886, DOI 2013 26.21 2015 2017 e

Siegel RL, 2015, CA-CANCER I CLIN, V65, P5 2015 24.02 2015 2017 ———
Janne PA, 2015, NEW ENGL J MED, V372, P1689, DOI 10.1056/NEJMoal411817, DOl 2015  16.84 2015 2017 [
Lawrence MS, 2014, NATURE, V505, P495, DOI 10.1038/nature12912, DOL 2014 15.94 2015 2018 [ —
Forbes SA, 2015, NUCLEIC ACIDS RES, V43, P0, DOI 10.1093/nar/gku1075, DOL 2015 1827 2016 2017 e ——
Frampton GM, 2013, NAT BIOTECHNOL, V31, P1023, DOI 10.1038/nbt.2696, DOL 2013 18.15 2016 2018 e
Snyder A, 2014, NEW ENGL J MED, V371, P2189, DOI 10.1056/NEJMoal406498, DO 2014 16,73 2016 2018 [
Collins FS, 2015, NEW ENGL J MED, V372, P793, DOI 10.1056/NEJMp1500523, DOL 2015 16.44 2016 2017 e ———
Van Allen EM, 2014, NAT MED, V20, P682, DOI 10.1038/nm 3559, DOL 2014 15.65 2016 2017 e ———
Siegel RL, 2017, CA-CANCER J CLIN, V67, P7, DOI 10.3322/caac.21387, DOL 2017 32.69 2018 2019 e ——
Topalian SL, 2012, NEW ENGL J MED, V366, P2443, DOI 10.1056/NETMo0a1200690, DOI 2012 17.29 2018 2019 ____ —
Siegel RL, 2018, CA-CANCER I CLIN, V68, P7, DOI 10.3322/caac.21442, DOI 2018 16.46 2018 2019 —
Reck M, 2016, NEW ENGL J MED, V375, P1823, DOI 10.1056/NEJMoa1606774, DOL 2016 1619 2018 2021 [R—
Wan ICM, 2017, NAT REV CANCER, V17, P223, DOI 10.1038/nre.2017.7, DOL 2017 16.05 2018 2019  ———
Drilon A, 2018, NEW ENGL J MED, V378, P731, DOI 10.1056/NEJMocal714448, DOL 2018 24.16 2019 2021 e ———
Massard C, 2017, CANCER DISCOV, V7, P586, DOI 10.1158/2159-8290.CD-16-1396, DOL 2017 22.54 2019 2021 —
Andre F, 2017, CANCER DISCOV, V7, P818, DOI 10.1158/2159-8290.CD-17-0151, DOL 2017  16.87 2019 2021

Robson M, 2017, NEW ENGL J MED, V377, P523, DOI 10.1056/NEJMo0al706450, DOl 2017  16.87 2019 2021 e ——
Li MM, 2017, ] MOL DIAGN, V19, P4, DOI 10.1016/j.jmoldx.2016.10.002, DOI 2017 16.47 2019 2021 e —
Guinney J, 2015, NAT MED, V21, P1350, DOI 10.1038/nm.3967, DOL 2015 16.06 2019 2021 e —
Gao H, 2015, NAT MED, V21, P1318, DOI 10.1038/nm.3954, DOL 2015 16.06 2019 2021 e ——

Figure 7. Top 25 References with the Strongest Citation Bursts.
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different colors to keywords. Colored lay in the communities
identified by the community detection algorithm. The color rep-
resented various clustering status.?!

These relationships were divided into specific thematic groups
based on their interrelated terminology and the frequency of
co-occurrence links drawn in Figure 8. The top 300 most used
keywords could be classified into four clusters: “targeted cancer
study”, “biological study (include biochemistry, molecular and
genetics”, “new technology study”, and “pharmacology study”:

(1) In the “targeted cancer study” cluster, the most fre-

quent meaningful values were acute lymphoblastic-leu-

kemia, breast-cancer, lung-cancer, colorectal-cancer,
ovarian-cancer, adenocarcinoma, gastric-cancer, and
cholangiocarcinoma.

According to the result above, precision cancer treatment was
commonly used in specific cancers having confirmed tumor-re-
lated biomarkers. For example. Studies approved that: 87% of
lung-cancers are identified as non-small cell lung carcinoma,
including three types based on molecular subtypes: adenocar-
cinoma, squamous cell carcinoma, and large cell carcinoma
histological pattern.’l They are all caused by specific genetic
alterations that promote and retain lung tumorigenesis.'**! These
driver mutations and the related constitutively active mutant
signaling proteins play essential roles in tumor cell surviv-
ing.*¥ So, the novel targeted therapies research on lung cancer
has increased dramatically in the past few years.’S) So, more
research focus is expected to put in cancer-associated gene loci
and molecular receptors, etc., to make attribution to expanding
application area of oncology precise medicine.

(2) In the cluster of “biological study”, the most pointed
keywords were biobank, bioinformatics, genome-wide
association, DNA methylation, messenger-RNA, EGFR
mutations, endothelial growth-factor, KRAS, BRAF,
microsatellite instability, androgen receptor, estrogen-re-
ceptor, and cell-free DNA.

Genomic instability is defined as genetic and genomic abnor-
malities of the cancer development stage, including gene, molec-
ular, and cell-level mechanisms. For example, mitotic checkpoint
signaling, DNA damage checkpoints’ defect, DNA damage
repair, DNA replication, and cytokinesis. These changes would
lead to mutations, aneuploidy, the change of focal copy number

and translocations. And they also provide possible interven-
ing pathways for cancer treatment. For instance, Catanese and
Lordick®®! finished a literature review and found that there have
already been three predictive biomarkers for gastric cancer
therapeutic algorithm recognized: Human Epidermal Growth
Factor Receptor 2, Microsatellite Instability, and Programmed
Death-Ligand 1 (PD-L1) expression.

(3) In the “new technology study” cluster, the main keywords
were artificial intelligence, big data, molecular diagnos-
tics, radiotherapy, tumor xenografts, 1st-line treatment,
adjuvant chemotherapy, neoadjuvant chemotherapy,
mass-spectrometry, and positron-emission-tomography.

These keywords pointed out some essential technological

methods used frequently in the oncology precision. And with the
development of modern technology, more accurate, and sophis-
ticated therapies have been applied in precise cancer treatment.
Jin et alP” reported that the hot technology of Artificial intelli-
gence is widely used in biological information analysis, includ-
ing evaluating lymph node metastasis, drug treatment response,
and surgical coaching, assessment, and guidance. Besides, devel-
opments in delivery and imaging technologies promote the
advances in image-guided and adaptive radiotherapy.**! Kong et
al¥ used data from 42 stage II/IIl NSCLC patients treated with
radiation therapy to get that this method makes a difference in
improving 2-year local-regional tumor control rates while the
overall tumor control rate was 52%. And the 5-year survival
rate was 30%.

(4) In the “pharmacology study” cluster, the frequently used
keywords were pharmacogenomics, sorafenib, bevaci-
zumab, cetuximab, cisplatin, crizotinib, erlotinib, gefi-
tinib, gemcitabine, pembrolizumab, and vemurafenib.

These results show that there have already been several spe-

cific medicines for targeted oncology treatment. However, the
use of targeted drugs poses many problems. One notable draw-
back is that the wrong choice of patients makes molecularly
targeted therapies be useless and even have worse outcomes
than standard chemotherapy.’”! For example, gefitinib is a tyro-
sine kinase inhibitor of EGFR which can considerably extend
survival year for non-small-cell lung cancer patients with
activating EGFR mutations. But it would have worse efficacy
than standard chemotherapy for patients without activating
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EGFR mutations.’”) Another complex issue is that different
supervisory decision lead to diverse access levels among dif-
ferent countries.*”! A typical example is that the European
Medicines Agency controls the assessment of new medicines
in the European Union. But European Medicines Agency’s
approval cannot be applied in every specific Europe country.
Besides, there would be diverse regulatory approval processes,
access to testing and matched drugs across countries based on
their different healthcare-system.* Moreover, some scholars
have opposite attitudes toward cancer precision medicine. They
stated that pharmacogenomic tests have no direct influence on
patient outcomes, but rather improve the clinician’s decisions
about the treatment.®> The problems listed above need worth
further study in the future.

In addition, CiteSpace was used to draw a figure to show
the development of hot research topics during 2012 to 2021
(Fig. 9). Seven sought-after topics were found in this figure:
“lung adenocarcinoma”, “targeted therapy”, “molecular sub-
typing”, “next-generation sequencing”, “extracellular vesicle”,
“patient-derived xenograft”, “circulating tumor DNA”, “col-
orectal cancer”. The timeline changes illustrate that lung adeno-
carcinoma and colorectal cancer are two outstanding research
fields using precision medicine. During 2013 to 2016, the investi-
gation of mutation expression, growth classification, and activa-
tion pathway leads to the development of lung adenocarcinoma
treatment. The research on colorectal cancer pays much atten-
tion to microsatellite instability, Cetuximab, machine learning,
and deep learning. And the focused biological mechanisms
range from liquid biopsy, DNA methylation to cell free DNA
and plasma across 2013 to 2021. The keywords of targeted ther-
apy changed from situ hybridization growth in 2012 to artificial
intelligence in 2019. The next-generation sequencing has been
involved in the gemcitabine and biliary tract cancer recently,
which shows specific progress within this topic. The extracellu-
lar vesicle-linked study is another hotpot, which has a strong
association with circulating tumor cells, renal cell carcinoma,
ovarian cancer, and bladder cancer. Moreover, the patient-de-
rived xenograft is a meaningful method for some tumor treat-
ment, especially for breast cancer, prostate cancer, and pancreatic
cancer. And the lympho-epithelial mesenchymal transition was
introduced to this field in 2017. Finally, the research of circu-
lating tumor DNA transformed from immunotherapy in 2013,
stem cell model in 2014, in vitro in 2015 to cell line 2016, pd 1
blockade in 2017, t cell in 2018, and braf in 2020.

Medicine

4. Discussion

This paper focused on the global development of oncology
precision during the past ten years by the bibliometric method.
The key findings can be summarized as follows. The research
on oncology precision developed relatively slowly from 2012
to 2013, but since 2014 the number of papers has grown rap-
idly. It is shown that oncology precision has attracted great
attention from scholars worldwide in recent years. The USA
leads the research in this field and the League of European
Research Universities is the leading research institution. They
represent the highest academic standards in the world. And
research institutions from China mainland, Japan, Singapore,
and other East Asian countries/regions hold more important
places and have significant co-work net. They emerged as
developing players in the field. To a certain extent, there is a
considerable positive correlation between the progress of sci-
entific research and the growing economic status in Asia. The
high-level co-work mode among scholars could lead to shap-
ing research strategies globally, which is expected to consider
further in the future. There have been some advanced applica-
tions of precision medicine in cancer treatment which have had
positive impacts on cancer diagnosis and clinical treatment.
However, there are still many issues expected to be explored
and evaluated properly. Such as the larger uncertainty that
pharmacogenomic methods have no significant influence on
patient outcomes. And the key problem which restrains further
development of this field is how to raise the actual clinical out-
comes effectively and further understanding of the pathogen-
esis of cancer at the molecular or cell-level. It is predicted that
adequate precise clinical practice data from well-conducted
trials and advancements in molecular biology will be carried
out in the following years. The future research prospect would
be the wide involvement of social participation and global
cooperation in oncology precision research to acquire better
results via the balance of technology and public health policy.

And vyet, several limitations of the study should also be con-
sidered. First, this paper only got publications from the Web
of Science Main Collection, which mainly includes the studies
in English. Some essential papers in other languages would be
ignored. Besides, search strategy is limited to the keywords:
“precise” or “precision” narrowly. It may reduce the breadth
and depth of the results. In addition, we found some papers
which did not have a complete affiliation and were deleted. Such
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as, some articles were not portioned out to a fixed country. So,
the data for their countries would be underestimated.

5. Conclusion

All in all, the results of the study showed that Oncology Precision
plays an important role in the field of medicine year by year. The
biological study includes biochemistry, molecular and genetics,
advanced technology, and pharmacology discovery linked with pre-
cision oncology closely. However, they are still some issues restricting
its development. So, more precise and innovative studies in oncology
precision research are expected to get a concern in the future.
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