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Introduction

Breast cancer is the most common female malignancy 
worldwide and the leading cause of cancer-related death 
in women. Previous studies suggested that the occurrence 
and development of breast cancer were closely related to 

genes, hormones, and dietary habits (1,2). With the rapid 
development of Genechip and high-throughput sequencing 
technology, the role of genes in the occurrence, development, 
and metastasis of tumor diseases has drawn people’s close 
attention. In recent years, many studies revealed that long 
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non-coding ribonucleic acid (lncRNA) played an important 
role in the regulation of transcription, post-transcription, 
and protein expression (3). It was also found to be involved 
in biological processes such as cell differentiation, genomic 
imprinting, and epigenetic regulation (4). LncRNA is known 
to be involved in the occurrence, development, and metastasis 
of cancer (5). Metastasis-associated lung adenocarcinoma 
transcript 1 (MALAT1) is a highly conserved lncRNA, 
which is expressed in mammalian multi-tissue cells and can 
participate in epigenetic regulation and cell cycle regulation 
(6-8). In addition, many studies confirmed that MALAT1 
was closely related to malignant tumors such as lung cancer, 
liver cancer, gastric cancer, and colorectal cancer. The high 
expression of MALAT1 was mostly found in tumor cells, 
which can promote the proliferation, metastasis, and invasion 
of tumor cells (9,10). Research of Zhang et al. proved that 
the expression of MALAT1 was correlated with the overall 
survival of patients after surgery (11). Studies also revealed 

that MALAT1 can regulate angiogenesis through the 
extracellular regulated protein kinase/matrix metalloprotease 
pathway, thereby promoting cancer metastasis (12). However, 
the role of MALAT1 in the pathogenesis and development of 
breast cancer is still relatively rare. Therefore, the abnormal 
expression of MALAT1 as a biological marker for breast 
cancer diagnosis is still to be explored.

CiteSpace is employed in this research to analyze lncRNA 
MALAT1 and its potential value in the diagnosis of cancer 
and breast cancer. Then, meta-analysis is performed to 
systematically evaluate the results of relevant studies, aiming 
to explore the correlation between MALAT1 expression 
and breast cancer survival rate. This study provides a new 
way of thinking for the follow-up study of MALAT1 in the 
occurrence and metastasis of breast cancer and its effect on 
the prognosis of patients. We present the following article in 
accordance with the MDAR reporting checklist (available at 
http://dx.doi.org/10.21037/tcr-20-3221).

Methods

CiteSpace

The most powerful feature of the CiteSpace was that the 
software could perform co-cited analysis. Through the 
citations contained in the database, the frequency of these 
citations was used to be cited by other documents to perform 
cluster analysis. Then, the most influential citations in this 
field could be analyzed and obtained. Finally, the front-
burner issues in this research field and the corresponding 
research process could be comprehended (13). The analysis 
process using CiteSpace was shown in Figure 1.

Data collection and preprocessing

The data used for CiteSpace analysis could be collected 
from the Web of Science (http://webofscience.com), 
Chinese Social Science Citation Index, and China National 
Knowledge Infrastructure database (14). This study adopted 
the data in the Web of Science database to study the 
regulation of MALAT1 in cancer and breast cancer.

First, the subject terms “MALAT1” and “Cancer”, and 
“MALAT1” and “Breast Cancer” were searched in the core 
database of Web of Science. Then, “Article” was selected as 
the document type, and time span from 1996 to 2020 was 
determined. Finally, a total of 1,180 articles with the subject 
word “MALAT1” and “Cancer”, and 215 with “MALAT1” 
and “Breast Cancer” were retrieved. Each record was saved 
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Figure 1 CiteSpace analysis process. The analysis process using 
CiteSpace was mainly divided into the following process. (I) The 
time node and time slicing mode were decided; (II) the analysis 
node type and the link type were selected; (III) the similarity or 
proximity of the input data was calculated; (IV) corresponding 
networks for each time slice were constructed; (V) whether to 
perform network scaling was determined. If so, network scaling 
was performed; if not, the time series of the network were merged; 
(VI) the merge of network time series after network scaling; (VII) 
finally, the analysis process could be ended according to whether to 
perform network scaling and the network after scaling with merged 
time series.

http://dx.doi.org/10.21037/tcr-20-3221
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Figure 2 CiteSpace parameter setting interface. After the CiteSpace software was running, Web of Science was selected and a new program 
in the “Projects” column was created. The “project” folder created in the previous step was taken as the “Project Home” and the “data” 
folder as the “Data Directory”. (I) Time Scaling: time scaling was for setting and presenting the temporal evolution of the research data, 
and the time span could be selected based on the time range of the data. (II) Text Processing: this module was divided into two parts: “Term 
Source” and “Term Type”. (III) Network Configuration: this module was divided into three parts: “Node Types”, “Links”, and “Selection 
Criteria”. (IV) Pruning: the “Pathfinder and Pruning the merged network” option was chosen. (V) Visualization: the “Cluster View-Static” 
and “Show Merged Network” options were chosen.

as a plain text document, the record format was as follows 
“author, title, source publication, and abstract”, and the file 
name was “Download.txt”. Then, the data-import/export 
function in CiteSpace was taken to transform the input.

CiteSpace parameter setting

After the CiteSpace was started, Web of Science was 
selected and a new program in the “Projects” column was 
created. 

(I) Time Scaling: The time span in this research was 
set as from 1996 to 2020, and # Years Per Slice is set to 
1. (II) Text Process It needed to select “Title, Abstract, 
Author Keywords (DE), and Keywords Plus (ID)” in “Term 
Source”. “Burst Terms” in “Term Type” was selected and 
“Detect Bursts”. (III) Network Configuration: “Author, 
Institution, Country, Keywords, Cited References, and 
Cited Author” in “Node Types” were selected for analysis. 
“Top N% per slice” option in “Selection Criteria” was 
selected, and set as 1% and 100, respectively. The specific 
parameter setting was shown in Figure 2. After the 
parameters were set, the program was started by clicking 
“GO!”.

Meta-analysis

Breast cancer data sets containing MALAT1 gene expression 
were extracted from the GEO database (https://www.ncbi.
nlm.nih.gov/gds). This study adopted the data in Affymetrix 
human genome U133 plus 2.0 array and U133A array. 
Then, a total of six data sets were finally selected, namely 
GSE6532, GSE9195, GSE20711, GSE31448, GSE42568, 
and GSE1456. Third-quantile distribution meant that the 
MALAT1 expression in the chip data was arranged from 
large to small, it was classified into low (values from 0% to 
33.3%) and medium (33.3 % to 66.6%) and high (66.6% to 
100%). Using the study-specific third-quantile distribution 
as the cutoff value, the MALAT1 expression data was finally 
divided into 3 categories, which were “High” (MALAT1 
expression > high tertile cutoff), “Mid” (low tertile cutoff 
≤ MALAT1 expression < high tertile cutoff), and “Low” 
(MALAT1 expression ≤ low tertile cutoff). 

In this study, we used R language to build a proportional 
hazard model and used proportional hazard regression 
analysis to compare “High” and “Low”. RevMan 5.3 
software was employed for meta-analysis, and in the meta-
analysis, a random effects model (DerSimonian and Laird 
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method) was used to calculate the combined hazard ratio 
(HR) and 95% confidence interval (95% CI).

Statistical analysis

CiteSpace software was used to construct knowledge maps 
related to the subject terms “MALAT1” and “Cancer”, 
and “MALAT1” and “Breast Cancer” to understand and 

summarize the research trend of “MALAT1” in recent 
years. The differential expression of MALAT1 in the chip 
data was classified as “high”, “medium” and “low” according 
to the third-quantile distribution. The Cox proportional-
hazards regression model was used to calculate HRs and 
95% CI. Meta-analysis of MALAT1 expression and survival 
and recurrence of breast cancer patients was performed via 
using RevMan5.3 software. When I2>50% and P>0.05, it 
indicated that there was heterogeneity in the data, and the 
random-effects model was used for analysis. When I2<50% 
and P<0.05, there was no heterogeneity in the data, and 
the fixed-effects model was used for analysis. P<0.05 was 
considered significant.

Results

MALAT1 and Cancer post trend analysis

The number of articles published on the keywords 
“MALAT1” and “Cancer” from 1996 to 2020 was derived 
from the core database of Web of Science. First, the changes 
in the number of articles published in different years that 
contained the subject terms “MALAT1” and “Cancer” 
were compared. Figure 3 presented that the number of 
publications from 2008 to 2011 was relatively small, while 
that from 2011 to 2018 showed an increasing trend year 
by year. As of August 2020, the number of publications 
with keywords of “MALAT1” and “Cancer” was 145, 
accounting for 12.288% of the total number in recent years. 
It revealed that the role of MALAT1 gene in cancer had 
become the research focus of experts in related fields and 
the trend of future research. Then, the differences between 
different countries/regions in the number of publications 
on the keywords “MALAT1” and “Cancer” were analyzed. 
The collaborative articles were classified based on the 
information of the first author. Figure 4 showed that 
Chinese accounted for the largest proportion in studying 
“MALAT1” and “Cancer”, which was more than half of the 
studies in recent years, followed by the American. 

The number of publications on the keywords of 
“MALAT1” and “Breast Cancer” from 1996 to 2020 was 
derived from the core database of Web of Science. Firstly, 
the changes in the number of publications related to the 
publication of the keywords of “MALAT1” and “Breast 
Cancer” in different years were compared. Figure 5 showed 
the number of publications from 2008 to 2015 was small, 
while the number from 2015 to 2019 increased rapidly. By 
August 2020, the number of articles with the keywords of 

Figure 3 Statistics on the number of publications on MALAT1 
gene and cancer in different years. The number of publications 
with the keywords “MALAT1” and “Cancer” from 1996 to 2020 
was derived from the core database of Web of Science. Horizontal 
and vertical axes represented the year and number of publications 
respectively.

Figure 4 Statistics on the number of publications on MALAT1 
genes and cancer in different countries/regions. The number of 
publications with the keywords “MALAT1” and “Cancer” from 
1996 to 2020 was derived from the core database of Web of 
Science. Horizontal and vertical axes represented the country and 
number of publications respectively.
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“MALAT1” and “Breast Cancer” in 2020 had reached 23, 
accounting for about 10.698% of the total number of articles 
with the keywords of “MALAT1” and “Breast Cancer” from 
1996 to 2020. It indicated that the role of MALAT1 gene in 
breast cancer had become a front-burner issue among experts 
in relevant fields and the future research trend.

Then, the differences in the number of articles published 
on the keywords of “MALAT1” and “Breast Cancer” in 
different countries/regions were analyzed. The collaborative 

articles were classified based on the information of the 
first author. Figure 6 showed that Chinese accounted for 
the largest proportion in studying “MALAT1” and “Breast 
Cancer”, which was more than half of the studies in recent 
years, followed by the American.

Visualization results of CiteSpace knowledge map

In CiteSpace, it set the “Top N%” and “per slice” as 1% 
and 100, respectively, to visualize the knowledge map of 
keywords. Figure 7 showed that the keywords were mainly 
MALAT1, expression, metastasis, and proliferation. 
Different keywords were closely related to each other (15).

Through the calculation of high-frequency keywords, 
the centrality of high-frequency keywords in this field was 
obtained. Table 1 suggested the higher the centrality, the 
more studies around the keyword. The keyword “MALAT1” 
had the highest frequency and centrality, followed by 
“expression” with 0.77 centrality. The keyword “metastasis” 
was the 3rd. These results revealed that most studies on 
MALAT1 gene and cancer had focused on the expression of 
its lncRNA in cancer cell metastasis, proliferation, and poor 
prognosis of patients (16).

Log-likelihood rate (LLR) is a clustering label word 
extraction algorithm, which can cluster according to the 
citing documents. The larger the cluster label word, the 
more representative the word is. Subsequently, through 
the LLR method, clustering of high-frequency keywords 
had been achieved using a total of three cluster labels 
(long, clinicopathology, and micRNA, respectively). Thus, 
MALAT1 gene was a type of long non-coding RNA 
(lncRNA), which might regulate miRNAs associated with 
certain diseases, and then played a role in regulating the 
clinicopathological changes of cancer. Moreover, the 
description of the three keyword cluster tags was given 
in Table 2. It could be known that the key words based on 
clustering, MALAT1, and cancer-related published key 
word clustering tags were mostly asthmatic diseases or 
clinicopathological studies.

By calculating the highly cited authors, the centrality 
of the highly cited authors in this field could be obtained 
(11,17-26), as shown in Table 3.

Then, the highly cited literature clustering was performed 
by the LLR method, and a total of nine clustering tags 
(sunitinib, regulates, tumorigenesis, characterization, 
migration, metastasis-associated, transition, suppressor, and 
mir-9) were obtained in Figure 8. The clustering tags of the 
highly cited publications focused on the characterization and 

Figure 5 Statistics on the number of publications on MALAT1 
genes and breast cancer in different years. The number of 
publications with the keywords of “MALAT1” and “Breast Cancer” 
from 1996 to 2020 was derived from the core database of Web 
of Science. Horizontal and vertical axes represented the year and 
number of publications respectively.

Figure 6 Statistics on the number of publications on MALAT1 
genes and breast cancer in different countries/regions. The number 
of publications with the keywords of “MALAT1” and “Breast 
Cancer” from 1996 to 2020 was derived from the core database 
of Web of Science. Horizontal and vertical axes represented the 
country and number of publications respectively.
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regulation of MALAT1 gene in tumors (27). It was suggested 
that MALAT1 was closely related to the progression of 
cancer and might interact with the regulation of cancer 
through sunitinib or mir-9 gene. Since this study was 
based on big data, analysis software was adopted to obtain 

assumptions, experiments were still needed for verifying.
Through the calculation of high-frequency keywords, 

the centrality of high-frequency keywords in this field was 
obtained. Table 4 showed that the keyword “MALAT1” had 
the highest frequency and the highest centrality.

Visualization of knowledge map of highly cited articles 
was performed, and the centrality of highly cited articles 
in this field was calculated (17-21,24,25,28,29), as shown 
in Table 5. The articles of the author Ji P [2003] had the 
highest citation frequency, followed by those published by 
Gutschner T [2013]. The Centrality of Tripathi V [2010], 
Arun G [2016], and Yang LQ [2011] was lower than 0.1, 
and the Centrality of other high-frequency citation was no 
less than 0.1.

Then, through the clustering of highly cited publications 
by the LLR method, 5 clustering tags (breast, long, PI3K/
AKT/mTOR, coding, and -coding) were obtained. Figure 9 
revealed that the clustering tags of highly cited publications 
were concentrated in MALAT1 gene, breast, and PI3K/
AKT/mTOR signaling pathway. It was suggested that 
MALAT1 might regulate breast cancer through PI3K/
AKT/mTOR signaling pathway (30).

Results of meta-analysis

A meta-analysis of the association between MALAT1 
expression and breast cancer survival was explored based on 
the analysis results of 6 GEO datasets. Meta-analysis results 
in Figure 10 showed that high expression of MALAT1 was 
significantly correlated with relapse-free survival (HR: 
1.51, 95% CI: 0.79–2.29, Figure 10A), while there was no 
significant correlation between MALAT1 expression and 
overall survival (HR: 1.09, 95% CI: 0.63–1.72), as shown in 
Figure 10B.

Figure 7 Clusters of core keywords of MALAT1 gene and cancer. In CiteSpace, it set the “Top N%” and “per slice” as 1% and 100, 
respectively, to visualize the knowledge map of keywords. 

Table 1 The top 10 keywords related to MALAT1 gene and cancer

Rank Frequency Centrality Year Keywords 

1 248 0.96 2018 MALAT1

2 209 0.77 2018 Expression

3 209 0.75 2018 Metastasis

4 140 0.68 2018 Proliferation

5 117 0.59 2018 LncRNA

6 113 0.57 2018 Cancer

7 112 0.53 2018 Invasion

8 85 0.46 2018 Poor-prognosis

9 84 0.44 2018 LncRNA

10 77 0.42 2019 Migration

MALAT1, metastasis associated lung adenocarcinoma transcript 
1; lncRNA, long noncoding RNA. Year: the year when the 
keyword appears frequently.

Table 2 Clustering tags of core keywords of MALAT1 gene and 
cancer

ID Size Silhouette Mean (year) Terms (mutual information)

0# 5 0.913 2018 Asthmatic

1# 3 0.532 2018 Clinicopathology

2# 2 0.487 2018 Clinicopathology

MALAT1, metastasis associated lung adenocarcinoma transcript 1.

Cite Space, v. 3.8.R1 (32-bit) 
August 10, 2020 2:14:57 PM CST 
C:\Users\Administrator\Desktop\cancer + malat 1\data 
Timespan: 1996-2020 (Slice Length=1) 
Selection Criteria: Top 1 .0% per slice, up to 100 
Network: N=10, E=17 (Density=0.3778) 
Pruning: Pathfinder
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Table 3 The top 10 highly cited publications on MALAT1 genes and cancer

Rank Frequency Centrality Year Cited references

1 139 0.47 2003 Ji P, 2003, Oncogene, V22, P8031, DOI 10.1038/S.J.ONC.1206928

2 110 0.27 2013 Gutschner T, 2013, Cancer Res, V73, P1180, DOI 10.1158/0008-5472.CAN-12-2850

3 84 0.15 2013 Gutschner T, 2013, J Mol Med (Berl), V91, P791, DOI 10.1007/S00109-013-1028-Y

4 77 0.22 2010 Tripathi V, 2010, Mol Cell, V39, P925, DOI 10.1016/J.MOLCEL.2010.08.011

5 65 0.95 2015 Hirata H, 2015, Cancer Res, V75, P1322, DOI 10.1158/0008-5472.CAN-14-2931

6 61 0.17 2010 Gupta RK, 2010, Nature, V464, P1071, DOI 10.1038/NATURE08975

7 52 0.11 2011 Schmidt LH, 2011, J Thorac Oncol, V6, P1984, DOI 10.1097/JTO.0B013E3182307EAC

8 51 1.03 2014 Fan Y, 2014, Clin Cancer Res, V20, P1531, DOI 10.1158/1078-0432.CCR-13-1455

9 50 0.11 2016 Arun G, 2016, Gene Dev, V30, P34, DOI 10.1101/GAD.270959.115

10 46 0.30 2014 Zheng HT, 2014, Int J Clin Exp Patho, V7, P3174

MALAT1, metastasis associated lung adenocarcinoma transcript 1.

Figure 8 LLR-based clusters of core highly cited publications on MALAT1 gene and cancer. The highly cited literature clustering was 
performed by the LLR method, and a total of nine clustering tags (sunitinib, regulates, tumorigenesis, characterization, migration, 
metastasis-associated, transition, suppressor, and mir-9) were obtained.

Table 4 The top 10 keywords related to MALAT1 gene and breast 
cancer

Rank Frequency Centrality Year Keywords

1 84 1.00 2016 MALAT1

2 62 0.86 2018 Expression

3 59 0.75 2016 Metastasis

4 59 0.75 2017 Breast-cancer

MALAT1, metastasis associated lung adenocarcinoma transcript 
1. Year: the year when the keyword appears frequently.

Discussion

Studies have revealed that elevated MALAT1 expression 
levels are closely related to the prognosis of breast cancer 
patients. Zheng et al. [2019] found that the expression of 
MALAT1 in breast cancer tissues increased significantly, 
and the overall survival rate was negatively correlated with 
the expression of MALAT1, indicating that MALAT1 was 
a potential prognostic factor (31). Sun et al. [2020] detected 
a significant increase in the expression level of MALAT1 in 
the serum of breast cancer patients (32). Then, they found 
that the MALAT1 level of patients was significantly reduced 
after treatment, and that the MALAT1 level of patients with 

CiteSpace, v.3.8.R1 (32-bit) 
August 11, 2020 11:21:07 AM CST 
C:\Users\Administrator\Desktop\cancer + malat 1\data 
Timespan: 1996-2020 (Slice Length =1) 
Selection Criteria: Top 1.0% per slice, up to 100 
Network: N =107, E =120 (Density =0.0212) 
Pruning: Pathfinder 
Modularity Q =0.7921 
Mean Silhouette =0.9002
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Table 5 The top 10 highly cited publications on MALAT1 genes and breast cancer

Rank Frequency Centrality Year Cited references

1 64 0.55 2003 Ji P, 2003, Oncogene, V22, P8031, DOI 10.1038/S.J.ONC.1206928

2 54 0.43 2013 Gutschner T, 2013, Cancer Res, V73, P1180, DOI 10.1158/0008-5472.CAN-12-2850

3 41 0.07 2010 Tripathi V, 2010, Mol Cell, V39, P925, DOI 10.1016/J.MOLCEL.2010.08.011

4 35 0.27 2010 Gupta RK, 2010, Nature, V464, P1071, DOI 10.1038/NATURE08975

5 32 0.32 2013 Gutschner T, 2013, J Mol Med (Berl), V91, P791, DOI 10.1007/S00109-013-1028-Y

6 30 0.35 2015 Hirata H, 2015, Cancer Res, V75, P1322, DOI 10.1158/0008-5472.CAN-14-2931

7 30 0.01 2016 Arun G, 2016, Gene Dev, V30, P34, DOI 10.1101/GAD.270959.115

8 26 0.10 2014 Fan Y, 2014, Clin Cancer Res, V20, P1531, DOI 10.1158/1078-0432.CCR-13-1455

9 25 0.02 2011 Yang LQ, 2011, Cell, V147, P773, DOI 10.1016/J.CELL.2011.08.054

10 23 0.08 2009 Ponting CP, 2009, Cell, V136, P629, DOI 10.1016/J.CELL.2009.02.006

MALAT1, metastasis associated lung adenocarcinoma transcript 1.

Figure 9 LLR-based clusters of core highly cited publications on MALAT1 gene and breast cancer. Through the clustering of highly cited 
publications by the LLR method, 5 clustering tags (breast, long, PI3K/AKT/mTOR, coding, and -coding) were obtained.

good prognosis was significantly lower than that of patients 
with poor prognosis. In our study, MALAT1 expression 
data from the GEO database were used, and the results 
showed that high MALAT1 expression was significantly 
associated with relapse-free survival, but not with overall 
survival. This conclusion is slightly different from previous 
studies and may be caused by the selection and sample 
size of MALAT1 data in GEO database. This association 
may remain significant after adjustment for age at surgery, 
disease stage, tumor grade, and hormone receptor status 
due to the complexity of breast cancer staging and typing. 
Totally, it could be inferred that the increase of MALAT1 
expression level could lead to poor prognosis of breast 
cancer patients, and then increased the mortality rate. 
Unfortunately, there has been no report on the role of 
MALAT1 in male breast cancer. The reason for this is that 
the incidence of male breast cancer is much lower than 
in women. As a result, in the actual research process, the 

isolated tumor samples of male breast cancer are difficult 
to obtain and is relatively of small number. Besides, the 
research value is far lower than that of female breast cancer. 
However, it is possible from existing studies that MALAT1 
may also be a pro-tumor regulator in male breast cancer. Of 
course, this question is worth exploring further.

Conclusions

The core data of Web of Science were taken to collect the 
literature related to MALAT1, cancer, and breast cancer 
in recent years. CiteSpace was adopted to visualize the 
correlation of different keywords. The results revealed 
that the lncRNA expression level of MALAT1 was closely 
related to cancer progression and prognosis of cancer 
patients. Moreover, it was also found that the expression 
of MALAT1 was closely related to the survival rate of 
recurrence-free breast cancer. However, it only adopted 

CiteSpace, v.3.8.R1 (32-bit) 
August 11, 2020 11:01:53 AM CST 
C:\Users\Administrator\Desktop\cancer + malat 1\data 
Timespan: 1996-2020 ( Slice Length =1) 
Selection Criteria: Top 1.0% per slice, up to 100 
Network: N =40, E =44 (Density=0.0564) 
Pruning: Pathfinder 
Modularity Q =0.6805 
Mean Silhouette =0.8378
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the existing literature for visual analysis, and subsequent 
experiments needed to be done to verify this conclusion. 
We hope that the results can provide evidence for lncRNA 
MALAT1 as a biological marker for diagnosis and treatment 
of breast cancer.
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