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Oral squamous cell carcinoma (OSCC) accounts for 
90% of oral and maxillofacial tumors and is the sixth 
most common type of malignant tumor worldwide [1]. Its 
incidence and mortality have not been affected by the 
improvement of surgical techniques, which is recognized 
as a serious problem. Traditional detection methods 
have several limitations, including expensive inspection 
fees and low specificity. Thus far, early detection and 
treatment are the best the rapeutic strategies. Therefore, 
identification of new diagnostic markers for the early 

detection of OSCC is a potential treatment option. 
MicroRNAs (miRNAs), endogenous non-coding small 
RNAs with a length of 18–25 nucleotides, are considered 
as potential cancer biomarkers for early detection and 
diagnosis. Increasing evidence have shown that miRNA 
can be used as a new and non-invasive biomarker for 
the early diagnosis of various types of cancer [2–3]. miR-
21 is located on chromosome 17p23.1, which is an 
oncogenic miRNA that promotes carcinogenesis through 
anti-apoptotic effects. miR-21 is highly expressed in 

Received: 11 May 2021
Revised: 20 September 2021
Accepted: 8 October 2021

Abstract Objective The aim of the study was to summarize the diagnostic value of miR-21 as a biomarker in oral 
squamous cell carcinoma (OSCC) using a review of the literature and data from the cancer genome atlas 
(TCGA) database.
Methods Data from TCGA database was sorted and analyzed by bioinformatics to determine the 
expression level of miR-21 in OSCC. Further, we searched for relevant articles in Embase, PubMed/
Medline, Scopus, and Web of Science published before March 2021, extracted the data, and conducted 
quality assessment. The bivariate meta-analysis model with Stata 16.0 was used to analyze the diagnostic 
value of miR-21 for OSCC.
Results A total of 304 related articles were identified, and seven were selected for meta-analysis. The 
diagnostic results after analysis were as follows: sensitivity 0.76 [95% confidence interval (CI), 0.57–0.88]; 
specificity 0.77 (95% CI, 0.58–0.89); positive likelihood ratio 3.34 (95% CI, 1.58–7.08); negative likelihood 
ratio 0.31 (95% CI, 0.15–0.63); diagnostic odds ratio 10.75 (95% CI, 2.85–40.51); and area under the curve 
0.83 (95% CI, 0.80–0.86). The Deeks’ funnel chart showed that there was no potential bias (P = 0.54). 
Prediction analysis of the potential target genes of miR-21 was performed via the biological website, and 
DAVID was used to cross target genes for gene ontology (GO) annotation function analysis.
Conclusion The results showed that miR-21-3p and miR-21-5p were significantly more highly expressed 
in OSCC tissues than in normal tissues (P < 0.05), and the results of the meta-analysis indicated that they 
could be used as potential biomarkers in the diagnosis of OSCC. In addition, 58 potential target genes of 
miR-21 were significantly enriched in 28 GO annotation functional pathways, which provided a biological 
basis for further clinical diagnostic value research. 
Key words: miR-21; oral squamous cell carcinoma (OSCC); diagnostic meta-analysis; target gene 
prediction
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many cancers, including gastric, esophageal, ovarian, 
and breast cancer. Inhibition of its expression can lead 
to tumor shrinkage and has a significant impact on the 
chemoresistance of tumors [4–5]. Gombos and other studies 
have shown that miR-21 is highly expressed in oral 
cancer tissues, and miR-21 can be used as a non-invasive 
biomarker for the diagnosis and detection of other cancers 

[6]. However, the diagnostic value of miR-21 in OSCC 
requires further confirmation. Therefore, in this meta-
analysis, we screened and summarized the diagnostic 
value of miR-21 as a biomarker in OSCC and analyzed its 
potential target genes and related enrichment pathways, 
which are necessary for effective diagnosis and treatment 
of OSCC patients.

Materials and methods

Download and organization of the cancer 
genome atlas (TCGA) database

We downloaded all of the miRNA-related 
transcriptome data of OSCC from the TCGA database 
(https://portal.gdc.cancer.gov/) and drew pictures using 
the “beeswarm” package in the R software.

Literature search
We searched the Embase, PubMed/Medline, Scopus, 

and Web of Science databases, for articles published 
before March 2021. We searched for synonyms of OSCC 
and miR-21 as keywords through the keyword MeSH 
function in PubMed, and relevant documents were 
collected comprehensively and systematically.

Literature inclusion and exclusion criteria
Inclusion and exclusion of the literature were 

completed separately and integrated by two individuals. 
The inclusion criteria were as follows: miR-21 diagnosis 
data – sensitivity or specificity, the control group 
information of healthy patients can be obtained from 
the literature or by contacting the author; the exclusion 
criteria included: inability to provide valid data such 
as sensitivity and specificity, non-human studies, non-
clinical studies, reviews, conference abstracts, case 
reports, and repeated published studies.

Literature quality evaluation and 
data extraction

The quality of the literature was evaluated using 
QUADAS-2; the items in the QUADAS list were applied 
to each article, and the answer was determined to be “yes,” 
“no,” or “unclear.” Two researchers rated the literature 
according to the scoring criteria, and articles with 
inconsistent scores were re-scored by group discussion. 
The data extraction information included the name of the 
first author, publication, year, country/region, ethnicity, 

sample size, specimen and cancer type, detection method, 
true positive, false positive, true negative, and false 
negative numbers.

Statistical processing
Statistical analysis was performed using Stata version 

16.0; the bivariate meta-analysis model was used to 
calculate the relevant values, the comprehensive 
sensitivity and specificity, diagnostic odds ratio (DOR), 
positive likelihood ratio (PLR), and negative likelihood 
ratio (NLR). Analysis of the summary receiver operating 
characteristic curve (SROC) and the calculation of the 
area under the curve (AUC) were carried out to evaluate 
the value of the overall diagnosis of miR-21 in cancer 
detection and diagnosis; the data used the hierarchical 
summary receiver operating characteristic model 
(HSROC) model for further confirmation. Spearman’s 
correlation coefficient and ROC plane analysis evaluated 
the heterogeneity of threshold effects. The heterogeneity 
of non-threshold effects was detected by Q test and 
discordance index (I2), where P < 0.10 or I 2 > 50% 
indicates that there is obvious heterogeneity between 
studies. Fagan nomograms verified pre-test probability, 
likelihood ratio, and post-test probability; Deeks’ funnel 
chart was used to test bias.

miR-21 target gene analysis
Three online target gene prediction tools, namely 

TargetScan (http://www.targetscan.org/vert_71/), miRDB 
(http://mirdb.org/), and PicTar (https://pictar.mdc-berlin.
de/), were used to predict the potential target genes of 
miR-21 (including miR-21-3p and miR-21-5p). Further, 
we used the VennDiagram package in the R software to 
draw a Venn diagram of the three databases to take the 
intersection for subsequent analysis.

Functional enrichment analysis of target genes
The online tool DAVID (http://david.abcc.ncifcrf.

gov/) was used to perform gene ontology functional 
enrichment analysis (GO analysis) on the intersecting 
target genes, and P < 0.01 was set as the significance 
threshold to obtain the top 28 statistically significant GO 
annotation analyses.

Results

Expression level of miR-21 in different tissues
Through the download and analysis of TCGA database, 

the expression levels of miR-21-3p and miR-21-5p in 
OSCC and normal tissues were sorted out, and the results 
showed that both were significantly highly expressed 
in OSCC (P = 0.021 and P = 0.04; Fig. 1), which further 
illustrated that the study of miR-21 is of great significance 
for OSCC patients.
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Literature review
A total of 304 documents were obtained from the 

online database. A total of 88 duplicate documents were 
removed by two authors, leaving 216 documents; 168 
articles were initially screened by reading document 
titles, keywords, and abstracts, and 136 documents were 
retained; 41 documents were eliminated by reading the 
full text and following the exclusion rules. Finally, a total 
of seven articles, including 609 studies (359 OSCC patient 
groups and 250 control groups) were included in the meta-
analysis. A flow chart of the literature selection is shown 
in Fig. 2. The basic information of the seven included 
meta-analysis documents and the results of QUADAS-2. 
The results of the literature quality evaluation are shown 
in Table 1.

Threshold effect and heterogeneity analysis
This study examined the threshold effect by drawing 

the ROC curve and calculating the Spearman correlation 
coefficient between the logarithm of sensitivity and the 
logarithm of (1-specificity). The results showed that the 
ROC curve did not reveal a shoulder-arm-like distribution 
(Fig. 3); Spearman’s correlation coefficient was 0.19, and 
the P value was 0.04, both of which indicate no threshold 
effect; I 2 = 94% indicated heterogeneity, and the meta-
analysis revealed heterogeneity caused by non-threshold 
effects. Since only seven studies were included in this 
meta-analysis, meta-regression analysis could not be 
performed to investigate the source of heterogeneity.

Analysis of meta consolidated statistics
The pooled sensitivity and specificity of miR-21 for 

the diagnosis of OSCC were 0.77 (95% CI, 0.58–0.89) and 

Fig. 1 The expression levels of miR-21-3p and miR-21-5p. The gene expression profiling data of OSCC tissues and normal samples in TCGA 
database were chosen to analyze the mRNA levels of miRNA-21-5p (P = 0.04) and miRNA-21-3p (P = 0.021)

Fig. 2 Flow chart of articles selection
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0.76 (95% CI, 0.57–0.88; Fig. 4), and the PLR was 3.34 
(95% CI, 1.58–7.08), NLR was 0.31 (95% CI, 0.15–0.63; 
Fig. 5), and DOR was 10.75 (95% CI, 2.85–40.51; Fig. 6). 
The AUC of miR-21 was 0.83 (95% CI, 0.80–0.86; Fig. 7). 
These results indicated that miR-21 was highly accurate 
at differentiating OSCC patients from controls. To assess 
the clinical utility of the index test, Fagan nomograms 
were used to predict the increasing inerrability of a 
positive diagnosis using the value of the test. As shown 
in Fig. 8, the pre-test probability was 50%, and a positive 
result of post-test probability was raised to 77%, whereas 
a negative result of post-test probability decreased to 
24%. All pooled estimates indicated that miR-21 had a 
relatively moderate to high accuracy in distinguishing 
OSCC patients from healthy individuals in this analysis.

Fig. 3 ROC curve of miR-21

Fig. 4 The sensitivity and specificity of miR-21

Table 1 Characteristics of publications included in the meta-analysis
First author Year Country Ethnicity Cancer type Sample type  Test method Cutoff Cases/controls QUADAS-2
Karimi [7] 2020 Iran Caucasian OSCC Serum RT-qPCR \ 20/20 5
Lu [8] 2019 China Asian Oral cancer Serum RT-qPCR \ 82/53 6
Mahmood [9] 2019 Pakistan Caucasian Oral cancer Plasma RT-qPCR 35 Ct 100/100 7
Ren [10] 2014 China Asian OSCC Blood RT-qPCR 9646 58/32 5
He [11] 2016 China Asian OTSCC Tissue RT-qPCR \ 19/20 6
Zahran [12] 2015 Egypt Caucasian OSCC Salivary RT-qPCR \ 20/20 5
Supic [13] 2017 Serbia Caucasian Tongue carcinoma Tissue RT-qPCR 938 60/5 5
Note: OSCC, oral squamous cell carcinoma; OTSCC, oral tongue squamous cell carcinoma; RT-qPCR, reverse transcription–polymerase chain reaction; 
QUADAS, quality assessment of diagnostic accuracy studies
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Fig. 5 The PLR and NLR values of miR-21 

Fig. 6 The DOR value of miR-21
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Assessment of publication bias
The results of Deeks’ funnel chart analysis using 

Stata are shown in Fig. 9. The results showed that the 
slope coefficient was P = 0.54, suggesting no significant 
publication bias among the documents included in the 
meta-analysis.

MiR-21 target gene prediction analysis
The number of potential miR-21 target genes predicted 

by the three online databases, TargetScan, miRDB, and 
PicTar, were 4048, 1064, and 137, respectively, and a 
Venn diagram was drawn to take the intersection of the 
above results, and 58 predicted target genes were obtained 
(Fig. 10).

Prediction of the GO function annotation for 
the potential target gene

GO analysis was performed on 58 target genes, and 
biological pathway enrichment analysis was performed 
using functional annotation in the DAVID database. Based 
on analysis of the whole human genome, we identified 
that the target genes of miR-21 were significantly 
enriched in 28 functional pathways (P < 0.01), of which 
47 intersection target genes were enriched in protein 
binding functional pathways, and 30 were enriched in 
the nucleus functional pathway (Fig. 11).

Discussion

OSCC has a high morbidity and fatality rate; therefore, 
early diagnosis of the disease and effective prognosis 
of patients are particularly important [14]. Traditional 
diagnostic examinations are expensive and have poor 

sensitivity and specificity; therefore, a new approach 
is required. As a new OSCC biomarker, miRNAs are 
involved in cell growth, development, differentiation, 

Fig. 7 SROC curve of miR-21

Fig. 8 Fagen nomogram of miR-21

Fig. 9  miR-21 diagnosis of OSCC publication bias funnel chart
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and apoptosis, and their expression is closely related 
to the diagnosis, staging, progression, prognosis, and 
response to treatment [15]. This is expected to become a 
therapeutic target for most diseases and is an important 
step towards gene therapy for human diseases [16]. Among 
them, miR-21 is a dysregulated miRNA that has been 
studied in OSCC, and its overexpression in serum or 
tissue is related to tumor size and distant metastasis. 
Studies have shown that miR-21 can regulate a variety 
of cancer-related target genes, and the serum miR-21 
of OSCC patients is upregulated significantly, which 
could be used as a biomarker of OSCC prognosis [9, 17]. In 
this study, the expression of miR-21-3p and miR-21-5p 
was first analyzed in OSCC and normal tissues, which 
illustrated the importance of miR-21 in OSCC patients.

The meta-analysis in this study was used to evaluate 
the diagnostic value of miR-21 in OSCC testing. The 

combined PLR was 3.34 (95% CI, 1.58–7.08), NLR was 
0.31 (95% CI, 0.15–0.63), and the positive rate of miR-
21 in the OSCC case group was 3.3 times compared to 
that of the control group; the negative rate of miR-21 
was 31% of that in the control group; and the DOR was 
10.75 (95% CI, 2.85–40.51). The above results indicated 
that miR-21 as a biomarker for the diagnosis of OSCC 
is highly reliable and accurate, and its clinical value is 
considerable. Fagan’s nomogram revealed that if the pre-
test probability was 50%, the positive probability after 
the test increased to 77% when the PLR was 3.3, and the 
negative probability after the test decreased to 24% when 
the NLR was 0.31, indicating miR -21 is relatively reliable 
for cancer detection and treatment.

The discussion of heterogeneity in this study may 
be restricted by several limitations, as follows: (1) The 
number of available studies and the number of participants 
were small; (2) The data are mainly from Asian and 
Caucasian participants, which may lead to incomplete 
ethnic coverage; (3) Sample collection was performed 
via various methods, including blood, saliva, and tissues, 
which may cause differences in the results; (4) The cut-
off value of miR-21 could not be determined as a whole, 
because each study used different cut-off values: (5) The 
analysis of this study was retrospective, and selective bias 
can reduce the credibility of the results; (6) Published 
research only contained English, which may lead to the 
neglect of research published in other languages.

Furthermore, prediction analysis revealed that miR-21 
has 58 potential target genes, which are mostly enriched 
in protein binding and nuclear function pathways, 
according to the results of the GO function annotation. 
In addition, six potential target genes (STAT3, PDCD4, 

Fig. 10 Venn diagram of predicted target genes

Fig. 11 GO function annotation diagram of potential target genes
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TIMP3, SPRY2, RECK, and CDC25A) were enriched in 
pathway – hsa05206: microRNAs in cancer, and OSCC 
is a type of malignant tumor, indicating that there is a 
strong correlation between miR-21 and OSCC.

In summary, the results of this meta-analysis revealed 
that miR-21 can effectively distinguish OSCC patients 
from healthy controls and could potentially be used as a 
supplement to improve the accuracy of existing diagnostic 
methods. Future research should focus on the combined 
use of miR-21 and other biomarkers to further improve 
the accuracy of OSCC diagnosis.
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Lung cancer is one of the most common malignant 
tumors worldwide, ranking first in incidence and 
mortality [1], with men significantly more affected than 
women. Radiotherapy is the primary treatment for 
patients with lung cancer [2–4]. However, in chest tumor 
radiotherapy, the target area is easily affected by organ 
movement, resulting in reduced radiotherapy accuracy, 

which has become the main reason for radiotherapy failure 
in lung cancer in recent years [5]. Therefore, accurate 
positioning is an important part of the radiotherapy 
process, as this directly affects the therapeutic efficacy 
of tumor radiotherapy [6]. The implementation of 
precise radiotherapy includes increased requirements 
for accuracy and positioning repeatability. At present, 
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Abstract Objective To explore the differences in three different registration methods of cone beam computed 
tomography (CBCT)-guided down-regulated intense radiation therapy for lung cancer as well as the effects 
of tumor location, treatment mode, and tumor size on registration.
Methods This retrospective analysis included 80 lung cancer patients undergoing radiotherapy in our 
hospital from November 2017 to October 2019 and compared automatic bone registration, automatic 
grayscale (t + r) registration, and automatic grayscale (t) positioning error on the X-, Y-, and Z-axes under 
three types of registration methods. The patients were also grouped according to tumor position, treatment 
mode, and tumor size to compare positioning errors.
Results On the X-, Y-, and Z-axes, automatic grayscale (t + r) and automatic grayscale (t) registration 
showed a better trend. Analysis of the different treatment modes showed differences in the three registration 
methods; however, these were not statistically significant. Analysis according to tumor sizes showed 
significant differences between the three registration methods (P < 0.05). Analysis according to tumor 
positions showed differences in the X- and Y-axes that were not significant (P > 0.05), while the autopsy 
registration in the Z-axis showed the largest difference in the mediastinal and hilar lymph nodes (P < 0.05).
Conclusion The treatment mode was not the main factor affecting registration error in lung cancer. Three 
registration methods are available for tumors in the upper and lower lungs measuring < 3 cm; among 
these, automatic gray registration is recommended, while any gray registration method is recommended 
for tumors located in the mediastinal hilar site measuring < 3 cm and in the upper and lower lungs ≥ 3 cm. 
Key words: lung cancer; IMRT; positioning error; registration method; CBCT; different tumor locations; 
different treatment modes; tumor size
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it is mainly solved and verified using a medical image 
registration strategy before performing radiotherapy [7–8]. 
In clinical practice, cone beam computed tomography 
(CBCT)-guided automatic registration is mainly used, 
in which the fusion registration of CBCT is generally 
performed by doctors and technicians in the radiotherapy 
room, who randomly choose among bone, gray-scale, or 
manual registration according to their clinical experience. 
Finally, the error in patient body position is adjusted based 
on the results of fusion registration; the disadvantage lies 
in the randomization of the registration mode during 
the precise radiotherapy process and the lack of unified 
and fixed standards or norms, which inevitably lead to 
inconsistent registration results in the same patient and 
ultimately affect the overall treatment effects. The present 
study retrospectively analyzed differences between the 
three registration methods used for intensity-modulated 
radiotherapy in 80 lung cancer patients as well as the 
effects of tumor positions, treatment modes, and tumor 
lengths on registration, to provide a scientific basis for 
the clinical selection of appropriate and reasonable 
registration modes.

Materials and methods

Clinical data
This study included a total of 80 lung cancer patients 

who received radiotherapy in the Department of 
Radiotherapy of the Affiliated Hospital of North Sichuan 
Medical College between November 2017 and October 
2019. Among them, 70 and 10 patients received radical 
radiotherapy and postoperative adjuvant radiotherapy, 
respectively, including 68 male and 12 female patients, 
48 upper lungs, 13 middle lungs, and 19 lower lungs. 
The median age of the patients was 61 years. All patients 
were confirmed to have lung cancer by histopathological 
examination, including squamous cell carcinoma (n = 26), 
adenocarcinoma (n = 27), small cell (n = 26), and atypical 
carcinoid (n = 1).

Patient fixation and CT positioning
Our hospital currently uses the SIEMENS SOMATOM 

Emotion CT scanning thermoplastic positioning system. 
When positioned under the CT scan simulation machine, 
all patients were placed in the supine position, with both 
hands clasping their elbows to cross to the forehead. 
This position is comfortable and easily repeated. A 
thermoplastic positioning film was used to fix it on the 
carbon fiber board. The “+” mark on the upper front 
centerline and the left and right body sides of the patient’s 
thermoplastic film was positioned to coincide with the 
laser lead bead mold and a lead bead with a diameter 
of approximately 2 mm was placed as the body surface 
mark for the reference coordinate system. A CT scan was 

performed after all the molds were cooled and shaped. 
The scanning layer thickness was 5 mm. Conventional 
reconstruction images were used to obtain image data 
from the positioning CT. After the scan, the image was 
transmitted to the Monaco radiotherapy planning system 
to delineate and plan the target area.

Patient positioning and CBCT registration
Two experienced technicians positioned the patient 

on a linear accelerator treatment bed (Elekta Synergy) 
in a fixed. The patient position was adjusted so that the 
body membrane marker line coincided with the indoor 
laser at the axial, coronal, and sagittal intersection, which 
was used as the basis for positioning. CBCT images were 
collected by the Elekta XVI registration system and 
registered with the target images transmitted by the 
planning system. The registration and verification were 
performed by two deputy chief physicians and doctors 
with professional titles. The two physicians unanimously 
identified them as effective registrations and used the 
average value of each registration error as the registration 
error data. The left and right directions were defined as 
the X-axis, the head and foot directions were defined 
as the Y-axis, and the front and back directions were 
defined as the Z-axis to determine the translation and 
rotation errors in each of these axes, respectively. All 
patients underwent all three registration methods (bone, 
gray-scale [translation + rotation] (t + r), and gray-scale 
[translation] (t)) to compare the differences among the 
three registration methods in all three axes.

Grouping of patients
The patients were grouped according to tumor location 

(upper, middle, and lower lung), treatment mode (radical 
or postoperative radiotherapy), and tumor length (≥ 3 cm 
and < 3 cm) and the errors in each group under different 
registration methods were compared.

Data processing
Analysis was performed using IBM SPSS for Windows, 

version 22.0. The errors in measurement data between 
the three registration methods were assessed by analysis 
of variance (ANOVA), with post hoc tests used for 
pairwise comparison between groups. T-tests were used 
to compare the data between groups. The positioning 
errors of patients according to tumor location, treatment 
mode, and tumor size under the three registration modes 
were compared using two-factor ANOVA and multiple 
comparisons, with linear regression used to determine 
the quantitative relationship of interdependence between 
two variables. A P value < 0.05 indicated that the sample 
difference was statistically significant.



205Oncol Transl Med, October 2021, Vol. 7, No. 5

Results

Basic patient information
This study included a total of 80 patients (68 males and 

12 females) with a median age of 61 years. Ten and 70 
patients received postoperative radiotherapy and radical 
radiotherapy, respectively. There were 48 cases of upper 
lung cancer, 13 cases of middle lung cancer, and 19 cases 
of lower lung cancer. Thirty-three patients had tumors 
tumor measuring ≥ 3 cm and 47 patients had tumors 
measuring < 3 cm (Table 1).

Comparisons of the differences among 
automatic bone, automatic gray-scale (t + r) 
and automatic gray-scale (t) registration on 
the X-, Y-, and Z-axes

Automatic bone, automatic gray-scale (t + r), and 
automatic gray-scale (t) registration were used for each 
patient. The results showed no significant differences 
between the three registration methods on the X-, Y-, 
and Z-axes; however, automatic gray-scale (t + r) and 
automatic gray-scale (t) registration showed a better 

trend (Fig. 1).

Comparisons of positioning errors on the X-, 
Y-, and Z-axes among lung cancer patients 
with different tumor locations under the three 
registration modes

There were no significant differences among the 
registration errors of the three registration methods on 
the X- and Y-axes according to tumor location (P > 0.05). 
On the Z-axis, there were no significant differences 
in registration error between lung cancer tumor sites 
using automatic gray-scale and automatic gray-scale (t) 
matching, but there was a significant difference using 
automatic bone matching (P < 0.05). The difference in the 
values of the middle lung was the highest, while those of 
the upper and lower lungs were low (Fig. 2).

Comparisons of positioning errors on the 
X-, Y-, and Z-axes among patients receiving 
different treatment modes for lung cancer 
under the three registration methods

There were no significant differences in registration 
errors among automatic bone, automatic gray-scale (t + 
r), and automatic gray-scale (t) registration on the X-, Y-, 
and Z-axes. Moreover, different treatment methods for 
lung cancer showed no significant effect on the choice of 
registration methods for patients with lung cancer.

Comparisons of the positioning errors on 
the X-, Y-, and Z-axes among patients with 
different lung cancer tumor sizes under the 
three registration methods

For tumors < 3 cm, there were no significant 
differences in the registration errors among automatic 
bone, automatic gray-scale (t + r), and automatic gray-
scale (t) registration methods on the X-, Y-, and Z-axes 
(P > 0.05). For tumors ≥3 cm, there was no significant 
difference in errors between automatic bone, automatic 
gray-scale (t + r), and automatic gray-scale (t) registration 
on the X- and Z-axes (P > 0.05). However, on the Y-axis, 
the positioning error of automatic bone registration was 

Table 1 Basic conditions of patients and general characteristics of tumors
Feature No. of patients
Age (years) 61
Gender

Male 68
Female 12

Treatment
Radical radiotherapy 70
Postoperative radiotherapy 10

Tumor site
Upper lung 48
Middle lung 13
Lower lung 19

Tumor length (cm)
≥ 3  33
< 3  47

Fig. 1 Analysis of the difference of the positioning errors in the X, Y, and Z axis directions under the three registration methods
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significantly larger than that of automatic gray-scale (t + 
r), and automatic gray-scale (t) registration (P < 0.05) (Fig. 
3).

Discussion

Lung cancer is a common malignant tumor in the clinic 
and also ranks first for deaths among malignant tumors 

[9]. Radiotherapy is one of the main treatment methods 
for patients with lung cancer and can effectively prevent 
local recurrence in patients. This treatment also plays a 
very important role in many aspects, such as improving 
the local control rate and improving the overall survival 
rate of patients [10–11]. With the continuous development 
of radiotherapy equipment and technology, radiotherapy 
has entered the era of intensity-modulated radiotherapy 
for “accurate positioning, accurate planning, and accurate 
positioning” [12]. Accurate measurement and correction 
of the target location and intra-fractional errors in 
tumor radiotherapy have gradually become the focus 
of domestic oncology and radiotherapy physicians, 
physicists, and technicians [13]. Several studies [14–16] have 
shown that movement of the centers of GTV95 and 
CTV95 by 5 mm can result in a dose change to the tumor 
as high as 21%. Thus, pre-radiotherapy positioning 
verification is critical. In the current postural standard 
of tumor radiotherapy: the allowable range of translation 
error is < 5 mm, the allowable range of rotation error is 
< 3 mm, and CBCT is an important means of positioning 
verification before radiotherapy. In the clinic, automatic 
registration is routinely used under CBCT guidance, 
with manual registration performed in individual special 
cases. Automatic registration is fast and simple, which 
not only saves time but also has high precision and has 
been unanimously adopted in the clinic. The two types 
of automatic registration methods—automatic bone 
registration and automatic grayscale registration—can be 
subdivided into automatic grayscale (t) registration and 
automatic grayscale registration.

At present, there is no guideline for choosing the 
appropriate registration method in the clinic. This 
selection mainly depends on the experience and habits of 
radiotherapy doctors and physicists, and the registration 
method is randomized. To address this problem and 
provide a basis for a standardized registration model of lung 
cancer, we retrospectively analyzed the registration data 
of 80 patients with lung cancer undergoing radiotherapy. 
Our results showed that there was no statistical difference 
among the three registration methods in the X-, Y-, and 
Z-axes, but that automatic grayscale registration and 
automatic grayscale registration (t) showed a better trend 
than automatic bone registration. This result is consistent 
with the results reported by Li et al. [17–18]. The reason for 
this finding may be related to the anatomical structure 
of chest tumors as lung cancer tissue is rich in soft tissue, 
the tissue is closely connected, and the relative position 
is relatively fixed, while the bony markers around the 
lung cancer tissue are less available for reference and 
have a large degree of displacement, are easily affected 
by posture and breathing, and are not fixed. In this study, 
considering the mediastinal anatomy, the use of grayscale 
registration appears to be more reasonable, and manual 
registration can be combined with manual registration if 
necessary [19].

Domestic and foreign studies have identified tumor 
location as an important factor affecting the positioning 
error in patients undergoing radiotherapy for lung 
cancer [20–22]. Our analysis of the influence of different 
tumor positions on positioning showed that a tumor 
location on the X-stroke Y-axis was not the key factor 
affecting positioning error. On the Z-axis, we observed 
no significant differences in registration errors between 
groups with different tumor sites using automatic gray 
level (t + r) and automatic gray (t) registration; however, 
for automatic bony registration, the difference in the 
value of the middle lung was the highest, while that of 
the upper and lower lung was low. This is consistent 
with the findings reported by Tan [21]. The explanation for 

Fig. 2 The difference analysis of the positioning error in the Z-axis 
direction under the automatic bone registration method between different 
tumor sites

Fig. 3 Analysis of the difference in positioning errors in the Y-axis 
direction in the tumor ≥ 3 cm group under different registration methods
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this observation may be that tumors in the middle lung 
are affected by respiratory mobility to a certain extent; 
moreover, those adjacent to the heart are also affected by 
the heartbeat [20–22]. Thus, the difference in the registration 
phase based on bony markers was greater than that of 
grayscale registration. Therefore, all three registration 
methods can be used for tumors of the upper and lower 
lung, while automatic bony registration should not be 
used if it can be avoided for tumors in the middle lung.

Furthermore, regarding the effects of tumor size 
on positioning, in the group with tumor size <3 cm, all 
three registration methods were available on the X-, Y-, 
and Z-axes; in contrast, in the group with tumor size > 
3 cm group, both automatic gray (t + r) and automatic 
gray (t) registration on the Y-axis showed better results. 
Sarudis [22] reported a correlation between tumor size and 
respiratory movement. The reason for this finding may 
be that the larger the tumor, the more likely it is to be 
affected by posture, respiratory degree, heartbeat, and 
diaphragm contraction. Moreover, the chest bone marks 
are less and easily affected; thus, the automatic bone 
matching error is larger. Therefore, the use of automatic 
grayscale registration is appropriate [24–25].

The results of the present study showed that in 
lung cancer, automatic bony, automatic grayscale, and 
automatic grayscale (t) registration are recommended for 
tumors in the upper and lower lung measuring <3 cm, 
especially the latter two methods. For tumors located 
in the middle lung measuring <3 cm and tumors in the 
upper and lower lung measuring ≥3 cm, either automatic 
grayscale or automatic grayscale (t) registration can be 
used. This study included only two patients with middle 
lung tumors measuring ≥ 3 cm; thus, additional studies 
with larger sample sizes are needed.
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Hepatocellular carcinoma (HCC) is one of the five 
most common malignancies in the world, ranking first in 
cancer incidence and mortality in China (Chen et al. 2014). 
In some parts of Asia, HCC is the most common cause of 
cancer-related deaths. The incidence of HCC is increasing 
significantly in European and American countries (Tan 
et al. 2018). Currently, more than 500,000 new cases are 
diagnosed each year. China has a high incidence of HCC. 
According to the World Cancer Report released by the 
World Health Organization in 2014, China accounts for 
half of the new cases of HCC and more than half of the 
total deaths globally (McGuire, 2015).

Therefore, the treatment of HCC has attracted 
increasing attention worldwide. Surgical treatment has 

always been considered the primary treatment for HCC. 
However, most patients cannot be treated surgically 
because of tumor anatomical location, tumor size, tumor 
number, insufficient liver residue, and extrahepatic 
metastasis. Meanwhile, non-surgical treatment is 
currently available for most patients with HCC. With the 
development of medical technology and equipment, it is 
necessary to regenerate therapeutic strategies for HCC.

In recent years, topical ablation has rapidly developed. 
Owing to the advantages of minimally invasive, 
repeatable, real-time monitoring, and high clinical 
compliance, ultrasound-guided ablation of HCC has 
become the third major treatment method for HCC 
after anatomic hepatectomy (AH) and interventional 
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Abstract Objective This study aimed to investigate the feasibility, safety, and clinical effect of No Touch liver 
pedicle microwave ablation (NTLP-MWA). 
Methods The outcomes of 118 patients diagnosed with hepatocellular carcinoma (HCC) between 
2014 and 2015 were retrospectively analyzed. Patients were divided into three groups. In group A, 35 
patients underwent ultrasound-guided NTLP-MWA, 27 in Group B were treated with routine microwave 
ablation (RMWA), and 56 in group C underwent anatomic hepatectomy (AH). The preoperative basic data, 
intraoperative data, and postoperative data were analyzed among the three groups. 
Results The treatment time, intraoperative blood loss, and postoperative liver function (alanine 
transaminase) in the NTLP-MWA and RMWA groups were significantly different from those in the AH group 
(all P < 0.005). There was no difference in the complete elimination rate and local recurrence within 1 year 
among the three groups. Treatment was not an independent risk factor for early postoperative recurrence. 
There was no significant difference in the 5-year overall survival rates among the three groups. 
Conclusion NTLP-MWA is safe and reliable, in accordance with the principles of oncology treatment, 
and worth further promotion in clinical practice. 
Key words: ultrasonic guidance; hepatocellular carcinoma; microwave ablation; liver pedicle
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treatment (Feng et al. 2014; Abdelsalam et al. 2016; Xu et 
al. 2018). However, for lesions with a diameter between 
2 and 5 cm, the conventional multi-antenna and multi-
point acupuncture treatment in a polyhedral geometric 
model is likely to cause residual lesions, leading to 
incomplete ablation (Berber. 2016; Zaidi et al. 2016; 
Lee et al. 2017; Long et al.2016). No touch liver pedicle 
microwave ablation (NTLP-MWA) is a new method of 
topical ablation. Before the ablation of the lesion, the 
hepatic pedicle of the liver segment or subsegment, where 
the lesion was located, was first destroyed to prevent the 
metastasis of tumor cells along the portal system. This 
study aimed to investigate the feasibility, safety, and 
clinical applications of NTLP-MWA by comparing the 
outcomes of NTLP-MWA, routine microwave ablation 
(RMWA) and AH.

Materials and methods

Study population
This study was approved by the institutional review 

board of Tongji Hospital. Written informed consent was 
obtained from all the patients. Consecutive, unrelated 
adult patients (n =118, 97 for men; mean age, 56.77±11.08 
years) who were treated in the Tongji hepatic surgery 
center between January 2014 and December 2015 were 
retrospectively studied if they fulfilled the standard 
diagnostic criteria for HCC.

Microwave ablation would be administered if the 
patients did not meet the surgical guidelines, or did not 
wish to undergo surgical treatment. NTLP-MWA was 
administered to patients with lesions located in one 
segment, and the liver pedicle was evident on preoperative 
ultrasound examination or CT scan. Patients were divided 
into three groups. In group A, 35 patients underwent 
ultrasound-guided NTLP-MWA, 27 in group B were 
treated with RMWA, and 56 in group C underwent AH.

All enrolled patients were required to meet the 
following conditions: (1) Preoperative diagnoses based 
on the guidelines of the American Association for 
the Study of Liver Diseases, and all lesions presented 
typical manifestations on contrast-enhanced ultrasound, 
contrast-enhanced CT scan, or magnetic resonance 
imaging: hyperenhancement in arterial phase, rapid 
wash-out in portal/late phase; (2) Patients had no vascular 
infiltration, liver function Child-Pugh class A, American 
Society of Anesthesiologists score of 2 or less, ICG-R15 
less than 15%; (3) Preoperative imaging examination 
confirmed a single lesion with a diameter of 2–5 cm; (4) 
The lesion located in a certain liver segment or a sub-
hepatic segment; and (5) All patients signed informed 
consent before treatment. The study was performed in 
accordance with the Declaration of Helsinki and the 
ethical guidelines for clinical studies of the local ethics 

committee. Patients were excluded if they had obvious 
portal vein tumor thrombus, distant metastasis, multiple 
lesions, or a lesion diameter less than 2 cm or greater than 
5 cm.

In our study, the basic preoperative data (age, sex, 
lesion size, alpha-fetoprotein [AFP] level, etc.), operative 
materials (treatment time, intraoperative blood loss), 
and postoperative data (postoperative liver function 
indicators, complications, local recurrence rate, and 
overall survival rate) of the three groups of patients were 
observed.

Microwave ablation
Imaging was performed with an Esaote MyLabTM 

ClassC ultrasound machine (Esaote, Genova, Italy), 
using an IOT342 appleprobe in open hepatectomy and 
an LP323 probe in laparoscopic hepatectomy. The probe 
frequency was 4–10 MHz, and the LP323 probe angle 
could be up/down 90° and right/left 90° through the two 
adjustment rods at the tail. Ablation was performed with 
a model ECO-100A1 microwave tumor ablation system 
(ECO, Nanjing, China) with a frequency of 2450 MHz, an 
output power of 0–150 W, and an ECO-100AI8 disposable 
microwave ablation antenna.

NTLP-MWA
The patients in group A underwent ultrasound-guided 

NTLP-MWA. Preoperative imaging data of the patients 
were fully analyzed to assess the route of the hepatic 
segment or subsegmental pedicle where the lesion was 
located. During the ablation, conventional ultrasound 
or laparoscopic ultrasound was first used to insert the 
microwave antenna into the hepatic pedicle of the liver 
segment or subsegment where the lesion was located 
without touching the tumor through the skin, and then 
the hepatic pedicle was damaged. The power of the 
microwave tumor ablation system was 60 W, and the 
duration of single ablation was 4 min. The microwave 
antenna was then inserted into the lesion and placed in 
an appropriate position for ablation. The ablation range 
of the tumor was ensured to be covered by a single 
antenna multiple times or multiple-antenna single time. 
The microwave tumor ablation system had a power of 
60 W and a single ablation time of 6 min. The actual 
total ablation time was based on the lesion size. After 
treatment, the microwave antenna was slowly removed. 
When approaching the liver capsule, the power was 
turned on again, and the antenna passage was cauterized 
to prevent tumor metastasis and bleeding in the antenna 
passage.

RMWA
RMWA was performed directly in group B. Before 

ablation, the position and size of the lesion were fully 
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understood, and the position adjacent to the surrounding 
important blood vessels and pipelines was designed. Two 
or three ablation antennas were placed at a spacing of 1–1.5 
cm simultaneously, or one ablation antenna was inserted 
in different positions of the lesion multiple times at 
intervals of 1–1.5 cm each until the lesion was completely 
damaged. The ablation range was superimposed on each 
other in geometric shapes to ensure that the overall 
ablation range covered the lesion and the surrounding 
normal liver tissues by approximately 1 cm, and the 
ablation time and power of each ablation were consistent 
with those of group A.

Anatomic hepatectomy
AH refers to the complete removal of the hepatic 

segments supplied by the portal vein and major branches 
of the hepatic artery surrounding the lesion. Surgery 
was classified according to Couinaud’s conventional 
terminology from eight segments of the liver (Couinaud, 
1986). Dissection of one or more segments: five segments, 
extended hepatectomy; Four segments, lobectomy 
(right hepatectomy); Three segments, left hepatectomy 
(lobectomy); central hepatectomy, two sections; left 
lateral segment resection, right anterior or posterior 
sector resection; and one segment, a wedge resection 
(Inoue. 2012; Liu et al. 2019). Intraoperative ultrasound 
was used to detect lesion size and location, ruling out any 
lesions undiscovered in preoperative image evaluation, 
information about hepatic vascular structures, and 
location of the lesion in the liver segment that was 
resected. The Glisson system of the corresponding liver 
segment or subsegment was selected after dissecting the 
first hilum or the liver parenchyma, and clipping and 
dissecting the liver parenchyma along the ischemic line 
on the liver surface, followed by the dissection of the 
corresponding liver segment. The Pringle method was 
used to block the first hilum during the liver parenchyma 

dissection procedure (Pringle. 1908).

Statistical analysis
Statistical analyses were performed using Statistical 

Package for the Social Sciences ver. 25 software (IBM 
Corp., Armonk, NY, USA). Quantitative data are 
expressed as mean±standard error of the mean. Statistical 
analysis was performed using analysis of variance 
followed by the Tukey-Kramer multiple comparisons test 
or unpaired two-tailed Student’s t-test. Percentages were 
compared using the chi-squared test or Fisher’s exact test. 
Multivariate logistic regression analysis was performed 
on the clinical indicators with statistical differences in 
univariate analysis to calculate the OR value of each 
independent risk factor. Statistical significance was set at 
P < 0.05. The Kaplan-Meier method was used to establish 
the survival curves of the three groups.

A patient was considered lost to follow-up if the last 
information available was older than 3 months with 
a total follow-up duration of < 5 years. To estimate the 
time of OS, the last follow-up assessment or death was 
measured from the date of treatment.

Results

Patient characteristics and follow-up
Between January 2014 and December 2015, 118 

patients were treated in the Tongji Hepatic Surgery 
Center were divided into 3 groups. The background 
demographic patient characteristics including sex, age, 
underlying diseases (history of hypertension, diabetes, or 
hepatitis), tumor size, cirrhosis, Child-Pugh score, AFP, 
and liver function, are listed in Table 1.

During the 5-year follow-up, seven patients (5.93%) 
were lost to follow-up: two in the NTLP-MWA group, 
five in the AH group, and none in the RMWA group.

Table 1 Baseline characteristics

Variables Variables
NTLP-MWA (n=35) RMWA (n=27) AH (n=56) X2/F P

Gender
 Male 29 22 46 0.020 0.990
 Female 6 5 10
Age 59.80 ± 11.26 56.04 ± 13.11 55.77 ± 11.08 1.940 0.148
Diabetes 4 3 6 0.012 0.994
Hypertension 15 12 27 0.274 0.872
Cirrhosis 27 20 44 0.209 0.901
Tumor size 2.72 ± 0.58 2.78 ± 0.53 2.67 ± 0.44 1.447 0.240
AFP 638.26 ± 1356.76 218.91 ± 393.06 945.06 ± 5121.29 0.371 0.691
pre-ALT 36.91 ± 30.83 29.81 ± 12.17 32.95 ± 18.79 0.818 0.444
NTLP-MWA, No Touch liver pedicle microwave ablation; RMWA, routine microwave ablation; AH, anatomic hepatectomy; AFP, Alpha-fetoprotein; ALT, 
Alanine aminotransferase
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Comparison of treatment characteristics
Comparing the 3 groups, the median treatment time 

in the NTLP-MWA group, RMWA group and AH 
group was 29.91 min (IQR: 24.20–35.62), 21.00 min 
(IQR: 16.47–25.52), 136.86 min (IQR: 127.62–146.10), 
respectively. The treatment time in the NTLP-MWA and 
RMWA groups was significantly shorter than that in the 
AH group. The intraoperative blood loss in the NTLP-
MWA, RMWA, and AH group were 15.86 mL (IQR: 
12.33–19.39), 14.44 mL (IQR: 10.95–17.93), 213.13 mL 
(IQR: 109.97–316.29), respectively. The blood loss in 
the AH group was significantly higher than that in the 
NTLP-MWA and RMWA groups. The levels of alanine 
transaminase in the NTLP-MWA and RMWA groups was 
lower than that in the AH group on the 1st and 3rd day 
after treatment (Table 2).

Comparison of postoperative recurrence and 
survival rate

Reexamination 1 month after the treatment showed 
no residual lesion in the NTLP-MWA and AH groups, 
and the complete ablation rate was 100%. In the RMWA 

group, one patient had residual lesions, with a complete 
ablation rate of 96.30%. However, the difference was not 
statistically significant (P = 0.183).

After 1 year of follow-up, a total of 5 patients were 
lost to follow-up, including two in the NTLP-MWA 
group and three in the AH group. Five patients relapsed, 
including 2/33 (6.61%) in the NTLP-WMA group, 2/27 
(7.41%) in the RMWA group, and 1/53 (1.89%) in the 
AH group. No patient died in any of the groups. The 
local recurrence rate of the AH group was lower than 
that of the NTLPMWA and RMWA groups, but the 
difference was not statistically significant (P = 0.453). 
Univariate analysis showed that treatment was not a 
risk factor for early recurrence after surgery (Table 3). 
Logistic multivariate analysis showed that tumor lesions, 
differentiation degree, and AFP were closely related to 
early postoperative recurrence, but treatment was not an 
independent risk factor for early postoperative recurrence 
(Table 4).

At the end of the 5-year follow-up period, a total of 
seven patients were lost, including two in the NTLP-
MWA group and five in the AH group. The 5-year overall 
survival rates of the NTLP-MWA, RMWA, and AH 
groups were 48.48% (16/33), 44.44% (12/27), and 47.06% 
(24/51), respectively. The overall survival rate of the 
NTLP-MWA group was slightly higher than that of the 
other two groups, but the difference was not statistically 

Table 2 Comparison of treatment effect
Group Patients Operation time (min) Intraoperative bleeding (mL) post-ALT-1d post-ALT-3d
NTLP-MWA 35 29.91 ± 5.71 15.86 ± 3.53 108.89 ± 92.97 44.49 ± 35.48
RMWA 27 21.00 ± 4.53 14.44 ± 3.49 132.15 ± 68.02 38.19 ± 16.42
AH 56 136.86 ± 9.24   213.13 ± 103.16 141.31 ± 92.70 65.52 ± 45.61
F 3291.869 713.000 4.512 4.383
P 0.000 0.000 0.013 0.015
NTLP-MWA, no Touch liver pedicle microwave ablation; RMWA, routine microwave ablation; AH, anatomic hepatectomy; ALT, Alanine aminotransferase

Table 4 Multivariate analysis of risk factors for recurrence after 1 year
Group P HR (95%CI)
NTLP-MWA (vs. AH) 0.331 29.91 ± 5.71
RMWA (vs. AH) 0.254 21.00 ± 4.53
Tumor size < 3 cm (vs. ≥ 3 cm) 0.046 136.86 ± 9.24
Well tumor differentiation (vs. poor or moderate) 0.046 3291.869
AFP < 400 (vs. ≥ 400) 0.033 0.000
NTLP-MWA, no Touch liver pedicle microwave ablation; RMWA, routine 
microwave ablation; AH, anatomic hepatectomy; AFP, Alpha-fetoprotein

Table 3 Comparison of local treatment and recurrence

Group 1 month 1 year
Local residual Non-residue Local residual Non-residue

NTLP-MWA 0 33 2 31
RMWA 1 26 2 25
AH 0 56 1 52
X2 3.399 1.584
P 0.183 0.453
NTLP-MWA, no Touch liver pedicle microwave ablation; RMWA, routine 
microwave ablation; AH, anatomic hepatectomy

Fig. 1 Comparison of 5-year overall survival of three groups
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significant (P = 0.952) (Fig. 1).

Adverse events
The incidence of complications in the NTLP-MWA 

and RMWA groups was lower than that in the AH group 
(P < 0.05). No serious complications were found in any of 
the patients in the two groups during and after treatment, 
whereas there were different degrees of subxiphoid 
process pain, right shoulder, and upper arm radial acid 
distension. In the NTPL-MWA group, two patients had 
a small amount of peritoneal effusion, and three had 
pleural effusion. Among them, one patient had pleural 
effusion and a small amount of peritoneal effusion due to 
the lesion’s proximity to the top of the diaphragm. In the 
RMWA group, three patients developed pleural effusion, 
and the complication rate was 11.11% (3/27). In the AH 
group, all patients reported postoperative incision pain, 
two cases of liver limitation wound effusion, 12 cases 
of abdominal cavity effusion, and 15 cases of pleural 
effusion, including 10 patients simultaneously, appeared 
as pleural effusion and peritoneal effusion, two cases of 
hepatic limitations wound effusion, and five with pleural 
effusion puncture pumping liquid treatment, and the 
complication rate was 33. 93% (19/56).

Discussion

Hepatocellular carcinoma (HCC) is one of the most 
common digestive tract malignancies in China (Chen 
et al. 2016). With the widespread use of radiological 
techniques in HCC, an increasing number of HCC patients 
are now diagnosed at an early stage. Thermal ablation, 
mainly microwave ablation and radiofrequency ablation, 
has achieved satisfactory results in the treatment of HCC. 
Previous studies have shown that 70% of very early-stage 
HCC patients can achieve a similar 5-year survival rate 
with thermal ablation and hepatectomy. Several studies 
have compared the outcomes of radiofrequency ablation 
(RFA) and hepatectomy and have recommended that RFA 
be the preferred approach, even if HCC can be removed 
(Liu et al. 2016; Pompili et al. 2015; Xu et al. 2017). 
Microwave ablation has a higher ablation frequency, 
faster heat production, higher internal temperature of the 
tumor, larger ablation range, shorter ablation time, and 
easy control of the thermal field. Because it can directly 
lead to coagulation necrosis of the tumor, microwave 
ablation has the advantages of being minimally invasive, 
safe, and repeatable. It is one of the treatment options 
chosen by the majority of doctors and patients (Lee 
et al. 2014; Cavagnaro et al. 2019; Stauffer et al. 2003). 
When the diameter of the HCC was greater than 3 cm, 
the size of the tumor was irregular, the capsular can be 
interrupted, and the tumor tissue gasification during the 
ablation process is serious. Consequently, hyperechoic 

with fuzzy boundaries appear in the ablation foci and 
surrounding areas, which can easily cause ablation 
leakage and lead to residual lesions (Xu et al. 2017; 
Galanakis et al. 2018). Based on these shortcomings, for 
lesions of larger diameters, microwave ablation can be 
combined with multiple antennas to significantly expand 
the ablation volume (Violi et al. 2018; Facciorusso et al. 
2016; Laeseke et al. 2009), so that microwave ablation 
has greater advantages. However, it should be noted that 
when the lesion volume is large, multi-antenna ablation 
is performed. The multi-point antenna placement method 
is susceptible to potential incomplete ablation due to 
the influence of the lesion location and the doctor’s 
experience in antenna placement, which may lead to 
tumor recurrence or metastasis.

HCC cells form microinfiltration in the tumor-
bearing segment of the liver in several ways: 1) invading 
the portal system and spreading to the distal end, 2) 
causing an arteriovenous short circuit to the central 
countercurrent of the portal vein; and 3) blocking the 
central countercurrent of the portal vein by tumor 
thrombus. AH is the first choice for the treatment of HCC 
by exposing the landmark vascular structure of the liver 
segment where the lesion is located, ligating the severed 
hepatic pedicle, and simultaneously removing the lesion 
and the liver segment to reduce the risk of recurrence of 
postoperative microfiltration and maximize the volume of 
the functional liver. The criterion for successful surgery 
is the treatment of the hepatic pedicle (Zhao et el. 2020; 
Shindoh et al. 2016; Li et al. 2016).

NTLP-MWA is a combination of routine microwave 
ablation and management of the hepatic pedicle, which 
is the key point in AH. First, we should find the hepatic 
pedicle of the liver segment where the lesion is located. 
To achieve the effect of ligation and dissociation of the 
hepatic pedicle in AH, to avoid the metastasis of tumor 
cells via the portal vein and adhere to the principles of 
oncology treatment, the first antenna was used to conduct 
thermal destruction of the hepatic pedicle without 
contact with the lesion, while the second antenna was 
used to conduct thermal ablation of the lesion (Fig. 2).

By comparing AH and RMWA, we analyzed the 
operation time, intraoperative bleeding volume, 
postoperative complications, postoperative liver function, 
1-year local recurrence rate, and overall survival rate of 
the 118 patients in our study. The NTLP-MWA group 
and RMWA group compared with the AH group had 
significantly reduced blood loss, shortened the operation 
time, and had less influence on the patients, and patients 
recovered faster after treatment. Compared with the 
RMWA group, the NTLP-MWA group exhibited less 
residual tumor tissue and more complete ablation. 
There were no statistically significant differences in the 
1-year and overall survival rates among the three groups. 
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However, it is worth mentioning that the absolute 
number of patients with local recurrence was higher in 
both the microwave ablation group and the conventional 
microwave ablation group than in the hepatectomy group. 
Our study shows that the NTLP-MWA is an effective and 
safe treatment. The complete ablation rate for HCC was 
100%. There were no significant or serious complications, 
and a small amount of pleural effusion and peritoneal 
effusion were acceptable in some patients. In this study, 
there were two cases of local recurrence within 1 year in 
the NTPL-MWA group. The authors believe that there are 
the following reasons: (1) There may be multiple portal 
vessels supplying blood to the tumor-bearing hepatic 
segment; (2) In the early stage of the study, the injection 
accuracy was insufficient or the ablation time was short, 
and the ablation of the hepatic pedicle was incomplete. To 
achieve the best ablation effect, it is important to conduct 
a detailed preoperative imaging evaluation. By comparing 
the preoperative ultrasound, CT, and magnetic resonance 
imaging, the vessels in the liver segment where the lesion 
is located can be identified to avoid loss of the vessels in 
the hepatic pedicle or the retention of the pedicle during 
the operation. During the ablation, precise antenna 
insertion was needed, the optimal route was chosen to 
avoid the lesion, and the microwave antenna was inserted 
into the target liver pedicle precisely. In these ways, we 
could shorten the duration of the microwave ablation and 
reduce the damage range. When the power was increased 
to 60 W and microwave ablation was performed for 4 
min, the insertion site of the microwave antenna was 
approximately 2 cm away from the bifurcation of the 
hepatic pedicle. The ablation achieved satisfactory results 
and avoided damage to adjacent important structures.

Limitations
A limitation of our study is its retrospective nature. 

Another limitation is that it was a single-center study 
without incorporating the results from other centers, and 
the results may not be comparable to those obtained from 
other centers. However, a single-center study can avoid 

such technical differences.
This study also has the following limitations: because 

hepatic pedicle microwave ablation is a new minimally 
invasive technique, the research time is shorter, and no 
touch technique cannot be used for ablation of some 
lesions in special sites, which are supplied by multiple 
branches of the hepatic pedicle. Moreover, the number 
of cases near the hepatic hilum, diaphragmatic roof, 
or adjacent large vessels was small. More cases will be 
included in future studies to extend the follow-up period 
to achieve more accurate comparative results.

Conclusions
To our knowledge, NTLP-MWA is a new local 

ablation technique. This new method has great potential 
in clinical applications, which can reduce the amount of 
surgical bleeding, shorten the operation time, have less 
influence on the liver function, and aid faster recovery 
after surgery. Further research is expected to contribute 
to its extensive clinical application.
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According to Global Cancer Statistics (Globocan 2018), 
led by the International Agency for Research on Cancer 
(IARC) of the World Health Organization (WHO), the 
worldwide incidence of newly developed colorectal 
cancer (CRC) in 2018 was approximately 1.85 million, 
making it the 3rd most common malignant tumor. 
Approximately 880,000 died of CRC, making it the 
2nd most common cause of cancer-related deaths [1]. In 
addition, around 20% of all current patients with CRC 
have distant metastatic illness [1]. Despite advancements 
in screening and therapy, patients with CRC still have 
a poor 5-year overall survival rate [1]. Some genes linked 
to the existence and progression of CRC, as well as 
treatment response indicators, have been identified [2–4]; 
however, genetic markers linked to metastatic CRC are 

still lacking. Surgical resection, chemotherapy, radiation, 
and targeted therapy may be applied in the treatment of 
CRC depending on the stage and location of the original 
tumor. In individuals with rectal adenocarcinoma, 
radiation treatment improves local control and overall 
survival [5]. Copy number variation (CNV) is caused 
by genome rearrangement and refers to an increase or 
decrease in the copy number of large genome fragments 
with lengths of more than 1 kb, mainly showing deletion 
and duplication at the submicroscopic level [6–7]. CNV is 
an important component of the structural variation (SV) 
of the genome. The mutation rate of CNV sites is much 
higher than that of single nucleotide polymorphisms 
(SNPs), which are an important pathogenic factor in 
human disease [6].
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Abstract Objective There are no well-defined genetic indicators for distant metastatic illness in patients with colon 
cancer (CC). The discovery of genetic changes linked to metastatic CC might aid in the development of 
systemic and local therapeutic approaches. Using The Cancer Genome Atlas (TCGA), we examined the 
relationship between copy number variation (CNV) of SWI/SNF-related matrix-associated actin-dependent 
regulator of chromatin subfamily C member 1 (SMARCC1) and distant metastatic illness in patients with CC.
Methods Genetic sequencing data of all relevant CC patients and clinical features were collected from 
TCGA using R. There were 506 CC patients with CNV and clinical outcome data. The CNV of SMARCC1 
was examined for its correlation with distant metastatic disease using the TCGA CC dataset (M1 vs. M0). 
After adjusting for age, sex, T stage, N stage, adjuvant chemotherapy, microsatellite instability (MSI), and 
surgical margin status, univariate and multivariate logistic regression analyses were performed.
Results SMARCC1 CNV was linked to distant metastatic disease (P = 0.012 and 0.008 in univariate 
and multivariate analysis, respectively); positive lymph nodes and margin status were also associated with 
distal metastases (all P < 0.01). MSI, T stage, N stage, adjuvant treatment, sex, race, and MSI were not 
associated with metastases (all P > 0.05).
Conclusion SMARCC1 CNV is associated with distant metastatic disease in patients with CC. In 
individuals with CC, such genetic profiles might be utilized therapeutically to support optimal systemic 
treatment options against local treatments for CC, such as radiation therapy, pending additional confirmation. 
Key words: colon cancer (CC); copy number variation (CNV); genetic marker
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For a variety of malignancies, CNVs have been utilized 
to assess prognosis and subsequent therapy profiles, such 
as MYCN amplification in neuroblastoma [8]. CNV of 
genes in primary CRC tumors and their corresponding 
metastatic disease locations has long been studied, but 
little is known about how CNVs of genes in the primary 
tumor of CRC are associated with localized illness and 
distant metastases [9–14]. One key component of the SWI/
SNF complex involved in epigenetic control of genome 
transcription is the SWI/SNF-related, matrix-associated, 
actin-dependent regulator of chromatin subfamily C 
member 1 (SMARCC1) [15–18]. It is thought to act as a 
tumor suppressor in a variety of malignancies, including 
pancreatic and renal carcinomas [19–20]. However, its 
involvement in CRC is unclear and controversial. Using 
a dataset of 524 individuals with colon cancer (CC) from 
The Cancer Genome Atlas (TCGA), we evaluated the 
relationship of SMARCC1 CNV with distant metastatic 
disease. 

Materials and methods

Patient data
In July 2021, a cohort of 524 samples (506 cases were 

determined after data integration) from original tumor 
specimens were chosen from the TCGA database using 
R based on the availability of metastatic staging and copy 
number data. The results presented here are based on data 
downloaded from the TCGA Research Network (http://
cancergenome.nih.gov/) on July 22nd.

Clinicopathological data
Clinical data on age, sex, race/ethnicity, and staging 

were obtained from the TCGA data portal. The TCGA 
data portal also included pathologic information such 
as tumor size, tumor location, resection margins, lymph 
node status, and metastatic status upon diagnosis.

CNV analysis
The TCGA level 3 CNV data for colorectal cancer 

were obtained from the TCGA data portal. Each sample 
was processed and normalized using TCGA level 3 CNV 
(Affymetrix Genome-Wide SNP Array 6.0). The study 
was conducted using mean copy number estimations 
of regions that overlapped the whole genome. The 
gene was classified using the Genomic Identification of 
Significant Targets in Cancer (GISTIC) algorithm. CNV 
was characterized as a copy number ≥1 or ≤1. 

Statistical analysis
The univariate relationship of SMARCC1 CNV with 

variables in the CC set was investigated using the chi-
squared test or Fisher’s exact test, as applicable. A logistic 
regression model was used to perform a univariate 

study of metastatic disease (M1 vs. M0) using predictors 
and variables. A logistic regression model was used to 
conduct a multivariate analysis of metastatic disease 
(M1 vs. M0) by inputting all factors in the model and 
utilizing a backward variable selection technique with an 
alpha level of removal of 0.1. The model was modified to 
include SMARCC1 CNV, chemotherapy, N stage, and T 
stage. R (version 4.1.0) was used for all analyses, and the 
threshold for significance was set at 0.05. Following the 
discovery of a link between SMARCC1 CNV and distant 
metastatic disease in the colorectal cohort, SMARCC1 
CNV data were analyzed to determine whether the CNV 
represented a gain or a loss, and the majority of the CNVs 
were homozygous deletions, indicating copy number loss.

Results

A total of 506 individuals with CC were included in the 
CC copy number analysis group (Table 1). The median 
age was 68 years (range, 31–90 years).

Pathological characteristics
Patients with distant metastatic disease were identified 

in 68 (13.4%) of the CC copy number analysis cohort, 
whereas 204 (40.3%) had positive nodal disease. 

Genetic analysis for all patients
There were 22 samples with CNV of SMARCC1, with 

homozygous deletions resulting in a reduction in copy 
number. SMARCC1 CNV was shown to have a statistically 
significant relationship with distant metastatic disease (P 
= 0.017) in the univariate analysis. SMARCC1 CNV was 
shown to have no link to positive nodal disease, positive 
resection margins, sex, race, or T stage (Table 2).

The occurrence of distant metastatic disease was 
observed to be related to the existence of SMARCC1 CNV 
in the univariate analysis of metastatic disease (Table 2; 
P = 0.012). Distant metastases were also connected with 
N1-2 nodal disease (P < 0.001), R1-2 (P < 0.001) resection, 
Adjuvant treatment (P < 0.001), but had no retaltion 
with MSI (P = 0.993) , T3 or T4 advanced local disease 
(P = 0.984), adjuvant chemotherapy (P = 0.985), sex (P = 
0.530), and race (P = 0.500).

On multivariate analysis (Table 2), the presence of 
SMARCC1 CNV was associated with distant metastatic 
disease (P = 0.008), as well as N1-2 nodal disease (P < 
0.001). The data for race and MSI were removed from the 
multivariate model to determine the amount of NA data.

Discussion

An examination of data of 506 individuals using the 
TCGA revealed that SMARCC1 CNV was independently 
associated with distant metastatic disease in CC. We used 
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multivariate analysis, which included age, sex, surgical 
margin status, T stage, N stage, MSI, and adjuvant 
chemotherapy, to corroborate our findings. According to 
our data, SMARCC1 CNV is strongly linked with distant 
metastatic disease in individuals with all types of CC. 
Furthermore, our findings imply that CNV of SMARCC1 
might be a valuable genetic marker for personalizing CC 
treatment and identifying individuals who would benefit 
from more aggressive treatment methods.

When various genetic markers, such as mutations, gene 
expression, methylation status, and CNV, were included 
in the TCGA analysis, no indication of a substantial genetic 
relationship with distant metastatic illness was found [21]. 
Our work is unusual in that it uses a larger database with 
more samples of distant metastatic illness to determine a 
CNV of a single gene that is independently linked with 
distant metastatic disease. Low SMARCC1 expression 
was linked to the development of extrahepatic metastases 
in a study of 30 individuals with CC [22]. In line with 
these findings, the majority of SMARCC1 CNVs in our 
population were homozygous deletions, suggesting that 
the gene was downregulated. SMARCC1 CNV is linked 
to more aggressive CC, as evidenced by the relationship 
with nodal disease and distant metastasis in our cohort.

The new cohort included a large number of samples 

Table 1 Sample characteristics of patients with colon cancer included 
in copy number analysis (n = 506)
Characteristic Number (%)
Age in years (mean ± standard deviation) 66.45 ± 12.41 
Gender  

Male 259 (51.2)
Female 245 (48.4)
NA 2 (0.4)

Race
White 244 (48.2)
Non-white* 77 (15.2)
NA 185 (36.6)

Adjuvant chemotherapy
Yes 4 (0.8)
No 500 (98.8)
NA 2 (0.4)

M stage
M0 372 (73.5)
M1 68 (13.4)
NA 66 (13.0)

N stage
N0 300 (59.3)
N1–2 204 (40.3)
NA 2 (0.4)

T stage
T1–2 98 (19.4)
T3–4 405 (80.0)
NA 3 (0.6)

Microsatellite instability
MSI 85 (16.8)
MSS 14 (2.8)
NA 407 (80.3)

Margins status**
R0 371 (73.3)
R1–2 279 (55.1)
NAa 106 (20.9)

* Non-white contains Asian, Black, Hispanic and African–American; 
** Margin status refers to microscopic (R1) or macroscopic (R2) residual 
disease, or no microscopic residual disease (R0); MSI, microsatellite 
instability; MSS, microsatellite stability; a NA: Not Avaliable, means not 
mentioned any of the above two

Table 2 Univariate and multivariate analysis for presence of distant 
metastatic disease (n, %)

Characteristic M0 M1
Univariate 
analysis

Multivariate 
analysis*

P value P value
SMARCC1 copy number 0.012 0.008

Variation 12 (3) 7 (10)
No variation 360 (97) 61 (90)

Gender 0.53 0.18
Famel 185 (50) 31 (46)
Male 187 (50) 37 (54)

Adjuvant chemotherapy 0.985 0.998
Yes 4 (1) 0 (0)
No 368 (99) 68 (100)

N stage < 0.001 < 0.001
N1–2 116 (31) 58 (85)
N0 256 (69) 10 (15)

T stage 0.984 0.988
T1–2 86 (23) 0 (0)
T3–4 286 (77) 68 (100)

Margin Status
R0 305 (82) 31 (46) < 0.001 < 0.001
R1–2 5 (9) 24 (35)
NA 62 (17) 1 (19)

Microsatellite instability* 0.993
MSI 56 (15) 13 (19)
MSS 11 (3) 0 (0)
NA 305 (82) 55 (81)

Race* 0.5
White 170 (46) 32 (47)
Non-white 45 (12) 11 (16)
NA 157 (42) 25 (37)

* many NAs were presented, so we ticked Microsatellite instability and 
Race out for smooth analysis by R
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of both colectomy and metastatic illness, allowing for a 
more statistically powerful correlation analysis. Nodal 
disease was linked to distant metastasis and increases with 
advanced T stage. The molecular route of tumorigenesis 
is another element that influences the development of 
distant metastatic diseases. Hereditary non-polyposis 
CC is linked to tumors that initially present in the left 
colon with a reduced risk of metastasis, as well as MSI. 
Several studies have found that distinct molecular and 
clinical characteristics exist in various parts of the colon [2, 

9, 23–24]; thus, we adjusted for MSI when looking for a link 
between SMARCC1 CNV and distant metastatic illness. 
SMARCC1 CNV was not found to be associated with MSI/
MSS on univariate analysis (P = 0.879), and SMARCC1 
was independently associated with distant metastatic 
disease (P = 0.018) in the multivariate analysis, despite 
the expected trend between distant metastatic disease 
in the CC cohort and microsatellite stability (MSS) (P = 
0.993) in the multivariate analysis. These data show that 
the link between SMARCC1 CNV and distant metastatic 
illness is not based on genetic differences between right- 
and left-sided primary malignancies.

Multiple studies have demonstrated that the number 
of lymph nodes sampled after CC surgery is related to the 
outcome in stage II CC, suggesting that further therapy 
might prevent the disease from spreading [25–27]. With 
increased evidence of tumor dissemination in the early 
stages of CC, additional indications, such as SMARCC1 
CNV, may be beneficial in directing therapy toward a 
more aggressive regimen aimed at avoiding tumor spread. 
Future research with a longitudinal design will be required 
to elucidate SMARCC1’s role as a molecular marker that 
affects therapy, allowing for greater association with the 
development of advanced illness with distant metastases.

We note that, in addition to the retrospective approach, 
this study has limitations. The data came from individuals 
who had their original tumor resected; thus, there were 
no cases of advanced, unresectable illness in the study. 
Some clinical information, such as race/ethnicity, was 
not recorded, and some CNVs may be linked more with 
various nationalities/backgrounds [28]. Only the capacity 
to compare genetic changes with the occurrence of 
metastatic illness was possible in the retrospective 
analysis. The lack of a prospective component following 
genetic analysis restricts the application of the findings 
and prevents the identification of variables linked to 
development of distant metastasis. Although prior 
studies have found somatic alterations and CNV in the 
genomes of several cancer types, no previous study has 
linked SMARCC1 CNV at the original location to distant 
metastatic illness. The link might have an effect on 
therapeutic options and could even be used as a marker 
for targeted molecular therapy.

Conclusions
We found a statistically significant association between 

SMARCC1 CNV and distant metastatic disease in CC 
and rectal adenocarcinoma in our sample. SMARCC1 
CNV may be utilized clinically to support optimal 
systemic treatment methods against more aggressive 
local treatments in patients with CC, including radiation 
therapy for rectal adenocarcinoma, pending additional 
confirmation in longitudinal investigations.
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Prostate cancer (PCa) is the most frequently diagnosed 
malignancy and the second leading cause of death in 
men worldwide [1–2]. In Asian countries, such as China, 
the incidence of PCa has increased annually. Clinically, 
serum prostate-specific antigen (PSA) levels are currently 
detected in diagnostic studies. However, serum PSA has 
several detection flaws involving false positives, which 
cause overdiagnosis and subsequent overtreatment [3].
Therefore, it is necessary to develop a more accurate and 
sensitive biomarker to guide the diagnosis, prognosis, and 
therapy of PCa. 

With recent developments in bioinformatics and the 
application of RNA sequencing, the biological activity 
of circular RNAs (circRNAs) is receiving increasing 
attention. CircRNAs are a class of noncoding RNAs that 
are emerging as key new members of the gene regulatory 
milieu, which are produced by back-splicing events 
within genes [4]. The expression analysis of circRNA 
transcripts revealed that numerous circRNAs seem to be 
specifically expressed in various tissues, including PCa 
[5]. Some reports have identified that circRNAs, such as 
circSMARCA5 [6], circFOXO3 [7], and circZMIZ1 [8] play 
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Abstract Objective The aim of the article is to explore the function of circBAGE2 (hsa_circ_0061259) in prostate 
cancer (PCa) cells.
Methods Sequencing results of circBAGE2 were verified by quantitative RT PCR (qRT-PCR) and Sanger 
sequencing. Agarose gel electrophoresis was used to detect the resistance of GAPDH, BAGE2, and 
circBAGE2 to RNase R and their expression as cDNA and gDNAin 22RV1 cells. The biological functions of 
circBAGE2 were investigated by CCK8 assay and flow cytometry in 22RV1 cells transfected with siRNAs. 
Multiple databases were used to predict the target binding sites between circRNAs, miRNAs, and mRNAs. 
Western blotting was used to detect the expression of CCND1 and PDCD10.
Results CircBAGE2 was significantly upregulated in PCa samples and PCa cells compared to that 
in matched normal tissues and normal cells, and CircBAGE2 knockdown inhibits cell proliferation and 
promotes apoptosis. Downregulation of circBAGE2 compromised the expression of CCND1 and PDCD10. 
The 3’ UTRs of CCND1 and PDCD10 were matched by miR-103a-3p, which shared binding sites with 
circBAGE2.
Conclusion CircBAGE2 contributes to PCa progression by upregulating CCND1 and PDCD10 expression 
through its role as a ‘sponge’ of miR-103a-3p. CircBAGE2 may be a potential therapeutic target for PCa. 
Key words: prostate cancer (PCa); circBAGE2; CCND1; PDCD10
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important roles in PCa. However, many circRNAs and 
their mechanisms remain unclear.

In order to further explore the biomarkers of PCa and 
the underlying mechanisms, we previously performed 
a circRNA sequencing analysis and identified some 
significantly upregulated and downregulated circRNAs 
in PCa cell lines [9]. Among them, circBAGE2 (hsa_
circ_0061259) is one of the most upregulated circRNAs 
in 22RV1 cell line compared to RWPE-1 cell line, and 
is therefore considered responsible for the progression of 
PCa. In addition, BAGE genes in its linear transcript are 
silent in normal cells and expressed in some tumors and 
cancer cell lines [10–11]. Therefore, we further explored the 
mechanism and function of circBAGE2 in the 22RV1 cell 
line. The present study aimed to investigate the role of 
circBAGE2 in PCa progression.

Materials and methods

Ethics statement
This study was approved and supervised by the Ethics 

Committee of the Navy Military Medical University 
(Shanghai, China). Human PCa tissues and adjacent 
normal tissues were obtained from patients undergoing 
surgery at the Changhai Hospital of Navy Military Medical 
University, Shanghai, China. All tumors and paired 
adjacent normal tissues were confirmed by pathologists. 
Written informed consent was obtained from the patients 
for research purposes.

Cell culture
RWPE-1, 22RV1, PC3, and LNCaP cells were 

purchased from the American Type Culture Collection 
(ATCC), USA. 22RV1, PC3, and LNCaP cells were 
cultured in RPMI-1640 medium (Gibco, Carlsbad, CA, 
USA), F12 (ham) medium (Gibco, Carlsbad, CA, USA), 
and RPMI-1640 medium (Gibco, Carlsbad, CA, USA), 
respectively. RWPE-1 cells were cultured in PEpiCM 
medium (ScienCell, USA). All media were supplemented 
with 10% FBS and 1% penicillin-streptomycin, and all 
cell lines were cultured at 37 °C and 5% CO2. The medium 
was changed every 2 days, and cells were digested at room 
temperature with 0.5 mL 0.25% trypsin/EDTA (Gibco, 
Carlsbad, CA, USA) per well and grown to 70%–80% 
confluency.

Total RNA and circRNA extraction
Total RNA was extracted from cultured cell lines 

and tissues using RNAiso Plus (Takara, Dalian, China), 
according to the manufacturer’s instructions. To remove 
linear RNAs and enrich circRNAs, 3 units/µg of RNase 
R (Epicenter, Madison, WI, USA) was used to digest the 
total extracted RNA for 15 min at 37 °C. RNA quantity 
and quality were evaluated using a NanoDrop 2000 c 

spectrophotometer (Thermo, Wilmington, DE, USA), 
and RNA integrity was assessed by 2% agarose gel 
electrophoresis.

Agarose gel electrophoresis
Agarose was dissolved in a TAE buffer in a microwave 

oven at a concentration of 1.5% with Gelred dye, and 
then placed in an electrophoresis tank by adding samples 
containing 6 × loading buffer after cooling. The reaction 
was performed at 90 V for 30 min. A gel camera system 
(G-box-chemi-R5, Hong Kong Gene Co., Ltd., China) was 
used to capture the images.

PCR
PCR analyses of the expression levels of the circRNAs 

were performed using Premix Ex Taq II (Takara, Dalian, 
China) in 20 μL reaction volume, including 1 μL of 
cDNA, 10 μL of 2 × Master Mix, 0.3 μL of Forward Primer 
(10 μM), 0.3 μL of Reverse Primer (10 μM), and 8.4 μL 
of double distilled water. The cycling conditions were as 
follows: 95 °C for 10 min, followed by 40 cycles at 95 °C 
for 20 s, 60 °C for 30 s, 72 °C for 45 s, and 72 °C for 7 
min in a PCR System (Bio-Rad, CA, USA). All primers are 
shown in Table 1.

Quantitative RT-PCR (qRT-PCR)
cDNA was synthesized from 500 ng of total RNA using 

PrimeScript RT Master Mix (Takara, Dalian, China), 
according to the manufacturer’s instructions. qRT-PCR 
analyses of the expression levels of the circRNAs were 
performed using SYBR Premix Ex Taq II (Takara, Dalian, 
China). qRT-PCR was performed in a 20 μL reaction 
volume, including 1 μL of cDNA, 10 μL of 2 × Master Mix, 
0.3 μL of for wardprimer (10 μM), 0.3 μL of reverseprimer 
(10 μM), and 8.4 μL of double distilled water. The 
reaction was performed with the protocol; 95 °C for 10 
min, followed by 40 cycles at 95 °C for 10 s and 60 °C for 
60 s in a real-time PCR System (ABI, CA, USA), GAPDH 
was used as a reference, and samples were amplified in 
triplicate wells, and the relative level was calculated 
using the 2−∆∆Cq method. All primers are shown in Table 1.

Gene transfection
Cells were transfected with corresponding specific 

siRNA or control siRNA (10 mM, 7.5 μL siRNA/125 μL 
OPTI-MEM) using Lipofectamine RNAiMax (5 μL in 
125 μL OPTI-MEM) (Invitrogen, Carlsbad, CA, USA), in 
accordance with the manufacturer’s recommendations. 
Briefly, the cells were incubated with siRNAs and 
Lipofectamine RNAiMax mixture for 15 min at room 
temperature. Cells were then cultured in medium 
without antibiotics, after washing with OPTI-MEM 
twice. The following siRNA sequences were used: 
siRNA-1 for circBAGE2 sense: 5’-CGGUCCAAACA
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GCGAUGUGTT-3’; antisense: 5’-CACAUCGCUGUU
UGGACCGTT-3’; and siRNA-2 for circBAGE2 sense: 
5’-CAAACAGCGAUGUGCAUUUTT-3’; antisense: 
5’-AAAUGCACAUCGCUGUUUGTT-3’. Cells were 
harvested 48 h after transfection and expression levels 
were determined using qRT-PCR.

Cell proliferation assays
Cell proliferation was assayed using the Cell Counting 

Kit-8 (CCK-8) assay (Dojindo, Japan), according to the 
manufacturer’s protocol. The cells were plated in 96-well 
plates (3 × 105 cells/well). Cell proliferation was detected 
every 24 h according to the manufacturer’s protocol. 
Briefly, 10 μL of CCK-8 solution was added to each well 
and incubated for 2 h at 37 °C. The solution was then 
spectrophotometrically measured at 450 nm.

Cell cycle and cell apoptosis assays
Cell lines, seeded in 6-well plates (3 × 105 cells/

well), were assayed using the Cell Cycle Staining Kit 
(MultiSciences, Hangzhou, China) and the Annexin 
V-FITC/PI Apoptosis DetectionKit (MultiSciences, 
Hangzhou, China), according to the manufacturer’s 
protocol. After 24 h of treatment with or without siRNAs, 
the cells were harvested and washed twice with cold PBS. 
For cell cycle analysis, the trypsin-harvested cells were 
incubated with 1 mL DNA staining solution and 10 μL 
permeabilization solution for 30 min at room temperature. 
For the cell apoptosis assay, cells were incubated with 5 μL 
Annexin V-FITC and 3 μL PI solution in 500 µL binding 
buffer for 5 min at room temperature. Fluorescence was 
measured using a MACSQuant Analyzer 10 (Miltenyi 
Biotec GmbH, Germany) and analyzed using FlowJo 7.6.1 
software (CA, USA).

Western blotting
Cellular protein (25 μg) was loaded onto a 12% SDS-

PAGE gel and then transferred to PVDF membranes. 
After blocking with 5% BSA in TBST for 2 h at room 
temperature, membranes were incubated with primary 
antibodies against CCND1, PDCD10 (1:1000 dilution, 
CST, Beverly, MA, USA) and GAPDH (1:10000 dilution, 
CST, Beverly, MA, USA) at 4 °C overnight, followed by 
incubation with appropriate HRP-conjugated secondary 
antibody (1:1000 dilution, CST, Beverly, MA, USA) at 
room temperature for 2 h. The membranes were then 
exposed using a chemiluminescent detection system 
(Syngene G, Box, America). Quantitative densitometric 
analyses of immunoblots were performed using the 
ImageJ software (Ver. 1.48, Bethesda, MD, USA), and the 
relative ratios were calculated.

Annotation and functionalprediction 
of circBAGE2

The circRNA-miRNA-mRNA network of circBAGE2 
was constructed using CloudSeq’s homemade software 
based on miR and a and TargetScan (CloudSeq Inc., 
Shanghai, China), combined with Cytoscape (http://
www.cytoscape.org/). 

Statistical analysis
Each experiment was performed in triplicates. All data 

are represented as the mean ± SEM. Student’s t-test and 
one-way analysis of variance were used to determine 
statistical significance. Differences were considered 
statistically significant at P < 0.05.

Table 1 Primers of all moleculars used in PCR and qRT-PCR
Primer name Primer sequence (5′-3′)-F Primer sequence (5′-3′)-R
circ-BAGE2 AACTGGCATGGGTAAACCAG TGTTCTGGACAAAGCAGGAA
BAGE2 (cDNA) AATACAGTGAGCCCACCCTCGT TTTCAGCTTTGACCTGCCTCGG
BAGE2 (gDNA) TGTAAGCACTTTGGAGCCACTATCA TTCAGGAGCTTGGTCAATGTGTTCT
CCND1 CGCCCTCGGTGTCCTACTTCAA GTTCCTCGCAGACCTCCAGCAT
PDCD10 CGCAGGGCACTTGAACACCAA TCGGTTGGCACTTACGAACACA
GAPDH AAGAAGGTGGTGAAGCAGG GTCAAAGGTGGAGGAGTGG GG
circ-GUCY1A2 GCTCCTATGCAGACCACTCC TTTCTGCATCCCTGTAACCA
circ-ETV3 ACGGGGAATTTGTCATCAAG AATGGGTAGTTGGGCATCAC
circ-KCNN2 GGATAATTGCCGCATGGA CTGCTCCATTGTCCACCA
circ-MIR663A CTACCGTTCTGCCTCCGA CGCGTCTCGTCTCACTCA
circ-KRT6A GCGTTGGACAAGTCAACATC GAACTGAAGCCACCTCCAAC
circ-CD276 AGCTTCACCTGCTTCGTGAG ATCCTGCCAGAACACCTCAG
circ-ZFP57 TGGCCAGAATCTTTCTGCAT TCCTGGTAAAGGACCCTCTG
circ-PSMA7 CTCATCGTGGGTTTCGACTT ATGCAGACGTTGTCATCCAA
circ-RPPH1 GGGCTCTCCCTGAGCTTC CAAGGGACATGGGAGTGG



224  http://otm.tjh.com.cn

Results

Expression of circBAGE2 in human PCa tissues
The expression levels of five significantly upregulated 

and downregulated circRNAs in 22RV1 cell line 
compared to RWPE-1 cell line [9] were detected in five 
samples of human PCa tissues and their paired adjacent 
normal tissues by qRT-PCR using GAPDH as the internal 
standard, targeting circGUCY1A2, circETV3, circKCNN2, 
circMIR663A, circBAGE2, circKRT6A, circCD276, 
circZFP57, circPSMA7, and circRPPH1. As shown in 
Fig. 1, circBAGE2 was identified as the only upregulated 
circRNA in cancer tissues compared to the corresponding 
normal tissues, with statistical significance (P < 0.05). 
Meanwhile, circKRT6A, circPSMA7, and circRPPH1 
were downregulated in cancer tissues compared to 
normal tissues.

Characterization of circBAGE2 in human PCa 
cell lines

CircBAGE2 was significantly upregulated in 22RV1 
cells compared to RWPE-1 cells when normalized to 
GAPDH by qRT-PCR and nucleic acid electrophoresis 
(Fig. 2a and 2b). The distinct product of the expected size 
amplified using outward-facing primers was confirmed 
by Sanger sequencing (Fig. 2c). Using PCR and nucleic 
acid electrophoresis, circBAGE2 was confirmed to be 

more resistant to RNase R treatment than the line control 
BAGE2 (Fig. 2d). As expected, PCR assays alone did not 
produce amplification in genomic DNA with circBAGE2 
primers using cDNA and genomic DNA of 22RV1 as 
templates, which ruled out the possibility of genomic 
rearrangement (Fig. 2e).

Silencing circBAGE2 inhibited proliferation and 
increased apoptosis of human PCa cell lines in 
vitro

The expression of circBAGE2 was suppressed by 
the two siRNAs (Fig. 3a). CircBAGE2 knockdown 
significantly decreased the viability of 22RV1 cells (Fig. 
3b). As shown in Fig. 3c and 3d, 22RV1 cells transfected 
with siRNAs were arrested in the G1-phase. In addition, 
downregulation of circBAGE2 led to a substantial increase 
in cell apoptosis (Fig. 3e and 3f).

Prediction of target genes related to circBAGE2
Based on circRNA-miRNA-mRNA network analysis 

tools, 12 miRNAs containing binding sites with circBAGE2 
were predicted: miR-450a-2-3p, miR-7-5p, miR-766-
5p, miR-103a-3p, miR-107, miR-377-3p, miR-1236-5p, 
miR-301b-3p, miR-603, miR-520f-3p, miR-301a-3p, 
and miR-134-5p (Fig. 4a). CircBAGE2 had two binding 
sites for miR-103a-3p (Fig. 4b). Further analysis showed 
that miR-103a-3p matched the 3’UTR of CCND1 and 

Fig. 1 The expression levels of candidate circRNAs for validation in 5 pairs of human prostate cancer tissue and adjacent normal tissue samples via 
qRT-PCR: circGUCY1A2, circETV3, circKCNN2, circMIR663A, circBAGE2, circKRT6A, circCD276, circZFP57, circPSMA7 and circRPPH1. N: normal 
tissues; T: tumor tissues
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PDCD10 (Fig. 4c). CCND1 and PDCD10 expression was 
significantly decreased by co-transfection with siRNAs in 
22RV1 at the mRNA (Fig. 4d) and protein levels (Fig. 4e 
and 4f), as detected by qRT-PCR and western blotting. 

Discussion

CircRNAs have recently been identified as a natural 
family that may regulate gene expression in mammals 
[12–13], which are important regulators of many cellular 
processes, such as embryonic development, cell cycle 
control, cellular senescence, cell signaling, and response 
to cellular stress [4]. All these functions are critical for 
cancer progression. Therefore, circRNAs may have a vital 
relationship with cancer, including PCa.

In our previous studies, we successfully constructed 
circRNA libraries of PCa cell lines and identified many 

differentially expressed circRNAs [9]. circBAGE2 was one 
of the most upregulated circRNAs in 22RV1 compared 
with those in the RWPE1 cell line. In this study, we found 
that the expression level of circBAGE2 was significantly 
upregulated in human PCa tissues compared to the 
corresponding normal tissues.

BAGE family genes code for tumor-specific antigens 
that are highly expressed in different histological types 
of tumors. BAGE2 is expressed in a significant number of 
tumors, including melanoma, bladder cancer, lung cancer, 
mammary and prostatic carcinoma, and neuroblastoma 
[10]. Many published studies have indicated that BAGE2 
may play an important role in cancer progression and 
could therefore be a good candidate as a new, highly 
informative epigenetic biomarker for cancer diagnosis 
[11, 14–15]. These studies imply that circBAGE2, which is 
highly expressed in PCa as the corresponding circRNA of 
BAGE2, may also perform key functions in PCa. In this 

Fig. 2 Characterization of circBAGE2 in human prostate cancer cells. (a and b) The expression levels of circBAGE2 in 4 human prostate cancer cell 
lines by qRT-PCR and agarose gel electrophoresis. (c) Sanger sequencing of the product amplified by primers of circBAGE2. (d) The resistance to 
RNase R of GAPDH, BAGE2 and circBAGE2 in 22RV1. (e) The expression levels of GAPDH, BAGE2 and circBAGE2 using cDNA and genomic DNA 
(gDNA) of 22RV1 as templates. ** P < 0.01
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study, we found that circBAGE2 knockdown inhibited 
cell proliferation and promoted cell apoptosis, which 
verified our hypothesis.

CircRNAs have been proposed to act through several 
mechanisms, including as miRNA sponges [16], binding 
with proteins or affecting translation [17], and as splicing 
modifiers of transcription [18]. Among them, the most 
important mechanism is the binding of circRNAs to 
specific miRNAs or groups of miRNAs, to sequester them 
and suppress their function in a phenomenon termed the 
competitive endogenous RNA hypothesis [16, 19]. Thus, we 
constructed a targeted circRNA-miRNA-mRNA network 
based on sequence-pairing prediction to explore the 
underlying mechanisms.

CircBAGE2 was predicted to have two binding sites with 

miR-103a-3p, which has been shown to be upregulated 
in several types of cancer, including colorectal [20] and 
endometrial cancer [21], and is hypothesized to induce 
the proliferation, migration, and invasion of cancer cells. 
Early reports have demonstrated that the expression 
level of miR-103 was significantly decreased in PCa cells 

[22] and could suppress PCa proliferation and migration 
by downregulating the oncogene PDCD10 [23]. CCND1 
plays a critical role in promoting the G1-S transition of 
the cell cycle in many cell types [24–25]. Mutations and 
overexpression of CCND1 are known to lead to alterations 
in cell cycle progression, and are frequently observed in 
a variety of tumors and could thus contribute to tumor 
progression in cancers such as non-small cell lung cancer 
[26] and PCa [27]. Considering our target analyses of miR-

Fig. 3 Effects of circBAGE2 on the biological functions of 22RV1. (a) Effects of two different small interfering RNAs (siRNAs) against circBAGE2 
analyzed by qRT-PCR. (b) CCK-8 assay of 22RV1 transfected with two siRNAs of circBAGE2. Cell cycle assay (c and d) and cell apoptosis assay (e 
and f) of 22RV1 transfected with two siRNAs of circBAGE2 by flow cytometry. ** P < 0.01, * P < 0.05, NC: negative control, Si1: siRNA1, Si2: siRNA2
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103a-3p using miR and a and TargetScan, CCND1 and 
PDCD10 may be candidate genes. In the present study, 
the downregulated expression of PDCD10 and CCND1 
after circBAGE2 knockdown confirmed the underlying 
mechanism by which circBAGE2 might regulate CCND1 
and PDCD10 expression by functioning as an miR-103a-
3p ‘sponge’ to alter the proliferation and apoptosis of the 
22RV1 cell line.

To the best of our knowledge, this study is the first 
to systematically analyze the role of circBAGE2 in 
PCa progression. Therefore, this study may provide a 
therapeutic strategy or predictor for patients with PCa. 
Nevertheless, deeper mechanisms or animal experiments 
in situ still need to be studied.

Fig. 4 Prediction of the targets of circBAGE2 based on circRNA-miRNA-mRNA network. (a) Network of circBAGE2 and targeted miRNAs. (b) Binding 
sites shown by solid lines of circBAGE2 with miR-103a-3p. (c) 3’ UTRs of mRNAs (CCND1 and PDCD10) matched by miR-103a-3p. (d) Expression 
levels of mRNAs (CCND1 and PDCD10) detected by qRT-PCR following knockdown of circBAGE2 with siRNAs. Protein expression levels of CCND1 
and PDCD10 analyzed by western blotting (e) and quantified with Image J (f) following knockdown of circBAGE2 using siRNAs. GAPDH was used as a 
control. ** P < 0.01, NC: negative control, Si1: siRNA1, Si2: siRNA2
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Prostate cancer is one of the most common malignant 
tumors of the urinary system. The incidence rate in recent 
years has been increasing [1–2]. In China, the incidence rate 
of prostate cancer is the highest among male urogenital 
tumors [3]. The main treatment methods for prostate cancer 
are surgical treatment, radiotherapy, and endocrinology. 
However, the overall age of the patients was large and 
combined with other internal diseases. Such patients 

are not suitable for radical prostatectomy, and some 
patients are unwilling to undergo surgery. Radiotherapy 
is the appropriate choice for these patients. Intensity-
modulated radiation therapy (IMRT) is one of the 
standard therapies for prostate cancer. A large number of 
studies have confirmed that IMRT can increase the target 
dose, reduce the adverse reactions of normal tissues, and 
lead to an overall higher survival rate (OS) of patients [4–5]. 
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Abstract Objective The aim of this study was to study the effect of endocrine therapy combined with intensity-
modulated radiation therapy in patients with advanced prostate cancer.
Methods The clinical data of 231 patients with advanced prostate cancer treated with radiotherapy in our 
hospital from May 2010 to March 2018 were collected. A total of 135 patients were treated with endocrine 
therapy combined with intensity-modulated radiotherapy, and 96 patients were treated with intensity-
modulated radiotherapy only because of drug allergy, serious adverse reactions, and economic reasons. 
Two months after the end of the treatment, the short-term curative effect was evaluated using imaging 
reexamination. The total prostate-specific antigen (TPSA) and free prostate-specific antigen (FPSA) were 
detected before and 2 months after the end of the treatment. All patients were followed up for at least 3 
years, and the metastasis-free survival rate and cumulative survival rate of the two groups were calculated.
Results The remission rates (RRs) of the observation and control groups were 64.45% and 46.87%, 
respectively; the difference was not statistically significant (P > 0.05); however, the efficacy distribution 
of the endocrine therapy combined with intensity-modulated radiotherapy group was significantly better 
than that of the intensity-modulated radiotherapy group (P < 0.05). There was no significant difference in 
clinical efficacy between the two groups in different TNM stages and Gleason grades. After treatment, the 
levels of TPSA and FPSA were significantly decreased compared with those before treatment; however, 
the decrease in the endocrine therapy combined with the intensity-modulated radiation therapy (IMRT) 
group was significantly higher than that in the IMRT group (P < 0.05). Although there were no significant 
differences in the 1-year and 3-year cumulative survival rates between the two groups, the 1-year and 
3-year metastasis-free survival rates of the endocrine therapy combined with the IMRT group were 60% 
and 38.17%, respectively, which were significantly higher than those of the IMRT group (37.5% and 20.83%, 
P < 0.05).
Conclusion Endocrine therapy combined with IMRT significantly improved the clinical efficacy of 
advanced prostate cancer, reduced PSA (prostate specific antigen) levels, and improved the metastasis-
free survival rates. 
Key words: conformal intensity-modulated radiation; endocrine therapy; prostate cancer; metastasis-
free survival rate
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This study aimed to investigate the effect of endocrine 
therapy combined with IMRT in patients with advanced 
prostate cancer.

Materials and method

General information
The clinical data of 231 patients with advanced prostate 

cancer treated with radiotherapy in our hospital from May 
2010 to March 2018 were collected. The inclusion criteria 
were as follows: ①patients with a pathological diagnosis 
of prostate cancer who were not suitable for surgical 
treatment or unwilling to undergo surgery; ②positron 
emission tomography (PET) and MRI showed TNM stage 
III and IV. Exclusion criteria: ①chronic prostatitis and 
benign prostatic hyperplasia; ②brain metastasis occurred; 
③ combined with malignant tumors from other sources; 
④complicated with infection, heart, cerebrovascular, 
liver, kidney, and blood system and other serious primary 
diseases; ⑤complicated with severe urinary tract 
infection, urinary tract stenosis, bladder stones; ⑥other 
diseases associated with detrusor overactivity or detrusor 
physical and dysuria symptoms; and ⑦patients who had 
undergone surgical castration before treatment. Among 
the 231 patients, 135 were treated with endocrine therapy 
combined with intensity-modulated radiotherapy, and 96 
were treated with intensity-modulated radiotherapy only 
because of drug allergy, serious adverse reactions, and 
economic reasons. There were no significant differences 
in age, TNM stage, Gleason score, and PSA level between 
the two groups (Table 1).

Treatment methods
IMRT: After simulated CT localization (Siemens as20 

CT simulator), scanning from L4 to 3 cm below the ischial 
tubercle, with a slice thickness of 3 mm, the gross tumor 
volume (GTV), including the whole prostate, bilateral 
seminal vesicles, and pelvic lymph node drainage area, 
was delineated by CT scan and pelvic magnetic resonance 
imaging; the clinical target volume (CTV) was the same 
as the GTV. Based on the CTV, 1 cm was used as the 
planning target volume (PTV). After delineation of each 
target, the radiotherapy plan was made according to the 
actual situation of each patient. We used 6MeV X-ray, 
ptv2.23gy/time, 5 times/week, a total of 35 times, with a 
total dose of 78.05gy; 95% PTV volume received a dose 

≥ 76 Gy. The V50 of adjacent sensitive organs such as 
the rectum and bladder was ≤ 50%, and the V50 of the 
femoral head (bilateral) was ≤ 5%.

Endocrine therapy: Goserelin Acetate Sustained-
Release Depot, 3.6 mg, subcutaneous injection, once 
every 28d days, did not need to adjust the dose for 
patients with liver and kidney dysfunction and elderly 
patients; oral bicalutamide at a dose of 50 mg once per day, 
regular review of blood routine and liver function, when 
abnormal liver function occurred during treatment, the 
treatment was stopped. During the treatment, the drug 
can be stopped when the serum PSA level is less than 0.2 
ng/mL and the lowest value is maintained for 3–6 months.  
Half a year after drug withdrawal, the total prostate-
specific antigen (TPSA) and free prostate-specific antigen 
(FPSA) were reexamined once a month, half a year 
later, every two months, and every three months after 
two years. If biochemical recurrence occurred during 
the follow-up period (Serum PSA exceeds the minimum 
value of 2ng/mL), the drug can be used according to the 
above methods.

Observation indexes
Two months after the end of the treatment, the short-

term curative effect was determined by the evaluation 
results of the imaging reexamination [6]. Complete 
remission (CR): the tumor completely subsided and was 
maintained for more than 4 weeks, partial remission 
(PR): tumor regression ≥ 50% and maintained for more 
than 4 weeks; no change (NC), tumor regression < 50% 
or increase < 25%, progression of disease (PD): tumor 
enlargement ≥ 25% or new lesions. The total remission 
rate (RR) was calculated using the Cr and PR.

TPSA and FPSA levels were detected before and 2 
months after treatment. All patients were followed up 
by telephone or through in-hospital follow-up, including 
clinical follow-up, PSA monitoring, imaging examination, 
treatment-related complications, and evaluation of the 
quality of life. Generally, they were followed up every 
3 months within the first 2 years and every 6 months 
after the first 2 years. If any abnormality is found during 
follow-up, the follow-up interval should be shortened if 
necessary. All patients in this study were followed up for 
at least 3 years to calculate the metastasis-free survival 
rate and the cumulative survival rate.

Table 1 Comparison of general condition between two groups before treatment
Groups Number of cases Age (years) Gleason score TPSA (ng/mL) FPSA (ng/mL)
Observation 135 72.36 ± 8.66 7.385 ± 0.664 315.62 ± 135.37 165.83 ± 78.51
Control 96 73.89 ± 10.28 7.28 ± 1.67 296.45 ± 103.86 152.35 ± 81.96
t value 35.381 15.14 76.342 48.233
P value 0.851 0.135 0.885 0.286
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Statistical methods
SPSS 22.0 was used to analyze and process the data. 

Continuous data were expressed as the mean and standard 
deviation while categorical data were expressed as 
frequencies and percentages (%). The comparison of RR, 
metastasis-free survival rate, and cumulative survival rate 
between groups was performed using the chi-square test. 
Comparisons between groups were performed using the 
t-test for continuous variables. The efficacy distributions 
of CR, PR, NC, and PD were analyzed using the rank-
sum test for categorical data. The threshold for statistical 
significance was set at P ≤ 0.05.

Results

Comparison of clinical efficacy between 
the two groups

The RR of the observation group and the control group 
were 64.45% and 46.87%, respectively ( χ2 = 3.65, P > 
0.05).  However, the efficacy distribution of endocrine 
therapy combined with IMRT was significantly better 
than that of IMRT alone (z = 4.15, P < 0.05; Table 2).

Comparison of the clinical efficacy of the two 
groups in different stages and grades 
(Table 3 and 4)

There was no significant difference in RR between 
the IMRT + endocrine therapy and IMRT groups in 
stage III and IV patients (χ2 = 2.76, P = 0.38). There was 
no significant difference in RR between the IMRT + 
endocrine therapy and IMRT groups in Gleason grades 4 
and 5 patients (χ2 = 3.25, P = 0.57).

Comparison of PSA levels between the two 
groups before and after treatment (Table 5)

Before treatment, there was no statistically significant 
difference between the levels of TPSA and FPSA in the 
two groups (P > 0.05). After treatment, PSA levels in both 
groups decreased significantly; however, TPSA and FPSA 
levels in the IMRT + endocrine therapy group decreased 
more significantly than those in the IMRT group (P < 
0.05).

Comparison of adverse reactions between the 
two groups (Table 6)

The common adverse reactions of the two groups 
were acute bladder irritation symptoms such as frequent 
micturition, urgency, and pain of micturition; intestinal 
irritation symptoms such as diarrhea, constipation, 
and abdominal pain; Grade 1–2 skin reactions such 
as erythema and pigmentation in the treatment area;  
anemia, leukopenia, thrombocytopenia, and other 
myelosuppression reactions. Most of the adverse reactions 
were grade 1–2, and most patients could tolerate them. 
A few patients with severe symptoms were treated with 
active symptomatic treatment, and the symptoms were 
significantly relieved. All patients could cooperate to 
complete the entire course of treatment. There was no 
significant difference in bladder irritation, intestinal 
irritation, grade 1–2 skin reaction, and grade 1–2 
myelosuppression between the two groups during the 
follow-up period.

Comparison of the survival rates between  
the two groups (Table 7)

There were no significant differences in the 1-year and 
3-year cumulative survival rates between the two groups 

Table 2 Comparison of clinical efficacy between the two groups [n (%)]
Groups Number of cases CR PR NC PD RR
Observation 135 26 (19.26) 61 (45.19) 39 (28.88) 9 (6.66) 87 (64.45)
Control 96 10 (10.42) 35 (36.46) 32 (33.33) 19 (19.79) 45 (46.87)

Table 3 Comparison of the clinical efficacy of two groups in different stages [n (%)]
Groups TNM stage Number of cases CR PR NC PD RR
Observation III 72 17 (23.61) 41 (56.94) 14 (19.44) 0 (0.00) 58 (80.55)

IV 63 9 (14.29) 20 (31.75) 25 (39.68) 9 (14.29) 29 (46.03)
Control III 52 7 (13.46) 21 (40.38) 20 (38.46) 4 (7.69) 28 (53.84)

IV 44 3 (6.82) 14 (31.82) 12 (27.27) 15 (34.09) 17 (38.64)

Table 4 Comparison of the clinical efficacy of two groups with different grades [n (%)]
Groups Gleason grade Number of cases CR PR NC PD RR
Observation 4 54 17 (31.48) 26 (48.15) 8 (14.81) 3 (5.56) 43 (79.63)

5 81 9 (11.11) 35 (43.21) 31 (38.27) 6 (7.41) 44 (54.32)
Control 4 46 6 (13.04) 19 (41.30) 20 (43.48) 1 (2.17) 25 (54.35)

5 50 4 (8.00) 16 (32.00) 12 (24.00) 18 (36.00) 20 (40.00)
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(P > 0.05); however, the 1-year and 3-year metastasis-
free survival rates of the IMRT + endocrine therapy 
group were 60% and 38.17%, respectively, which were 
significantly higher than those of the IMRT group (37.5% 
and 20.83%, P < 0.05).

Discussion

With the increasingly prominent aging phenomenon, 
the number of prostate cancer patients is increasing. 
Prostate cancer is one of the main causes of male deaths 
in European and American countries  [7]. Especially in 
advanced prostate cancer, some patients often miss the 
best treatment time, and the prognosis is often poor [8]. 
The choice of safe and effective treatment for elderly 
patients with prostate cancer has also aroused widespread 
concern. Fan et al. [9] conducted a 10-year follow-up of 
laparoscopic radical prostatectomy for elderly patients 
with prostate cancer over 80 years of age and concluded 
that radical prostatectomy is not suitable for elderly 
patients above the age of 80 years. Radical radiotherapy is 
considered the standard treatment for localized prostate 
cancer. At present, comprehensive treatment based on it 
plays an important role in reducing the recurrence rate 
and improving the quality of life of patients with prostate 
cancer. Wang Xing et al. [10] found that compared with 
simple castration, radiotherapy combined with drug 
castration can effectively prolong the PFS and OS of 
elderly patients with advanced prostate cancer.

At present, external radiotherapy for prostate cancer 
mainly includes stereotactic radiotherapy (SBRT) and 
IMRT. It has a good curative effect, wide indications, 
few complications; it is also safe and effective. It is one of 
the most important treatment methods for patients with 
prostate cancer. For locally advanced prostate cancer, 
ionizing radiation can kill and destroy the cancer tissue to 
different degrees, thereby reducing the tumor volume. In 
view of the large radiation dose and relative complexity 
of SBRT, some researchers have questioned its safety [11]. 
There are also studies showing that [12] SBRT is cheaper 
and more convenient and suitable for replacement 
therapy for localized prostate cancer. Hamdy et al. [13] 
compared the quality of life of patients with SBRT and 
radical prostatectomy through prospective research and 
found that the two treatment methods were associated 
with decreased quality of life of urination and intestinal 
tract within 1 month. The quality of life of SBRT patients 
gradually recovered 6 months after treatment and 
recovered 36 months after treatment. The quality of life 
scores of radical prostatectomy patients at all time points 
was lower than the baseline level. With the continuous 
improvement of radiotherapy technology and medical 
equipment, IMRT advocates that different doses can be 
obtained by different target areas through the output 
of non-uniform radiation doses, which can moderately 
increase the local radiation dose of the tumor and the total 
radiation dose of the target area, and reduce the radiation 
dose to surrounding normal tissues and organs (such as 
the rectum and the bladder). It is superior to conventional 

Table 5 Comparison of PSA levels between the two groups before and after treatment

Groups TPSA (ng/mL) FPSA (ng/mL)
Before treatment After treatment Before treatment After treatment

Observation 70.46 ± 13.46 15.25 ± 4.87 13.56 ± 3.94 2.67 ± 0.59
Control 60.35 ± 12.86 31.98 ± 5.36 12.89 ± 2.63 3.86 ± 0.73
t value 0.26 16.35 0.38 12.36
P value > 0.05 < 0.05 > 0.05 > 0.05

Table 6 Comparison of adverse reactions between the two groups [n (%)]
Groups Number of cases Bladder irritation Intestinal irritation Grade 1-2 skin reaction Grade 1-2 myelosuppression
Observation 135 59 (43.7) 32 (23.7) 49 (36.3) 50 (37.0)
Control 96 35 (36.46) 16 (16.67) 26 (27.08) 29 (30.21)
χ2 value 8.213 1.69 2.17 1.16
P value > 0.05 > 0.05 > 0.05 > 0.05

Table 7 Comparison of survival rate between the two groups [n (%)]

Groups Number of cases Metastasis free survival rates Cumulative survival rates
1 year 3 years 1 year 3 years

Observation 135 81 (60) 50 (38.17) 125 (92.59) 85 (62.96)
Control 96 36 (37.5) 20 (20.83) 86 (89.58) 51 (53.13)
χ2 value 4.35 6.27 0.17 0.68
P value < 0.05 < 0.05 > 0.05 > 0.05
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and three-dimensional radiotherapy in increasing the 
radiation dose and controlling rectal radiation [14]. The 
EAU prostate cancer guidelines also pointed out that [15] 

simple transperineal continuous low-dose brachytherapy 
is a clear, reliable, and reproducible modality for the 
treatment of low-risk prostate cancer. There are also a 
few cases in our center with good clinical effects. Due 
to the small sample size, we need to increase the sample 
size and draw a conclusion after long-term follow-up. 
In this study, IMRT was used in both groups and had a 
good clinical effect. The PSA level was significantly lower 
than that before treatment, and there was no significant 
difference in the cumulative survival rate between the 
two groups.

Androgen dependence is the basis for endocrine 
therapy for prostate cancer. Reducing androgen levels 
and inhibiting the synthesis of androgens by the adrenal 
glands can help to inhibit the conversion of testosterone 
to dihydrotestosterone, block the binding of androgens 
and androgen receptors to a certain extent, and inhibit 
or control the growth of prostate cancer cells. Mandel  
[16] conducted a randomized, double-blind, parallel 
controlled trial on 1218 patients with hormone-sensitive 
and non-metastatic prostate cancer. The results of 
long-term survival analyses revealed that compared 
with placebo, oral bicalutamide (150 mg) once a day 
can reduce the mortality of locally progressive prostate 
cancer, improve the overall survival rate, and prolong the 
average survival time of 1.8 years. However, bicalutamide 
did not improve the survival of patients with localized 
prostate cancer. In this study, goserelin acetate sustained-
release depot combined with bicalutamide was used for 
endocrine therapy, which can help to reduce the serum 
androgen level of patients with prostate cancer, promote 
the death of androgen-sensitive cells in vivo, inhibit 
tumor growth, alleviate tumor metastasis to a certain 
extent, inhibit the proliferation of cancer cells after 
radiotherapy, and enhance the effect of radiotherapy. 
According to the results of this study, although there was 
no significant difference in clinical efficacy between the 
IMRT + endocrine therapy group and the IMRT group, 
the levels of TPSA and FPSA decreased more significantly 
than those in the IMRT group, and the 1-year and 3-year 
metastasis-free survival rates were significantly higher 
than those in the IMRT group, with the differences being 
statistically significant.

PSA, as a specific biomarker of prostate cancer, can be 
increased in prostate cancer, benign prostatic hyperplasia, 
prostatitis, and other non-malignant diseases. Compared 
with digital rectal examination and transrectal prostate 
ultrasound, PSA is a better predictor of prostate cancer; 
however, the correlation between PSA levels and prostate 
cancer risk in Chinese men is significantly weaker than 
that in Western countries [17]. The main purpose of 

prostate cancer screening with PSA as the main detection 
method is to reduce the mortality of prostate cancer in the 
screening population without affecting the quality of life 
of the population [18]. The basic purpose of prostate cancer 
follow-up is to detect changes in serum PSA levels after 
treatment. The prostate gland still exists after radiotherapy; 
therefore, the PSA level decreases slowly. PSA may reach 
its lowest value 3 years after the end of radiotherapy. At 
present, there is still controversy regarding the optimal 
cut-off value for determining the prognosis of the lowest 
PSA level after radical radiotherapy. Generally, the lower 
the cut-off value, the higher the cure rate. It is generally 
believed that the prognosis of patients with the lowest 
PSA level reaching 0.5 ng/m after 3–5 years is better [19]. 
Whether endocrine therapy was used at the same time, 
biochemical recurrence was considered when the PSA 
level exceeded the minimum PSA level of ≥ 2ng/mL after 
radiotherapy [20]. The follow-up PSA level in this study 
was limited to the change in PSA level two months after 
treatment. The levels of TPSA and FPSA in the IMRT + 
endocrine therapy group decreased more significantly 
than those in the IMRT group (P < 0.05). The follow-up 
of PSA was not comprehensive, and no further studies 
were carried out; however, no biochemical recurrence 
was found during the follow-up period.

Common acute complications of external radiotherapy 
include frequent micturition, urgency of micturition, 
nocturia, hematuria, diarrhea, tenesmus, hematochezia, 
and perianal skin ulceration; these symptoms generally 
disappear a few weeks after radiotherapy, which is a 
reversible pathological change [21–22]. The most obvious 
delayed complication of external radiotherapy is rectal 
bleeding; however, less than 1% of rectal bleeding 
seriously affects life and requires surgical treatment. Other 
possible complications include hemorrhagic cystitis, 
which generally improves after nonsurgical treatment [21–

22]. Compared with surgical treatment, radiotherapy rarely 
causes urinary incontinence and urethral stricture and has 
less effect on erectile function than surgical treatment. 
Retrospective studies have shown that radiotherapy for 
prostate cancer can increase the risk of rectal cancer 
and bladder cancer; however, these small-probability 
adverse events do not affect the choice of radiotherapy 
for prostate cancer patients [21–22]. There was no significant 
difference in the incidence of complications between the 
two groups. After giving positive symptomatic treatment, 
they were significantly improved and could complete the 
entire course of the treatment.

In conclusion, endocrine therapy combined with 
intensity-modulated radiotherapy has a good clinical 
effect on patients with advanced prostate cancer; 
the decrease in PSA levels and the 1-year and 3-year 
metastasis-free survival rates are significantly improved. 
However, the long-term prognostic effect still needs to be 
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determined after follow-up.
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An 81-year-old male patient presenting with 
“diagnosis of liver cancer more than one month, gingival 
bleeding for six days, and aggravation for one day” was 
admitted to our department on November 10, 2020. On 
September 8, 2020, the patient had undergone abdominal 
color ultrasonography and a large mass in the right lobe 
of the liver (maximum diameter approximately 9 cm) was 
suspected to be liver cancer. The patient sought further 
treatment and tumor marker results showed AFP was 
8.45 ng/mL and CA199 was > 1000 U/mL. Abdominal 
enhanced computed tomography (CT) revealed a mixed 
low-density mass in the anterior right lobe and left 
medial lobe of the liver (approximately 10.3 cm long 
straight through), multiple similar enhanced nodules 
in the liver (maximum diameter, 2.4 cm), and tumor 
thrombus in the right anterior branch of the portal 
vein. On September 22, 2020, clinical diagnosis of liver 
cancer through “superselective hepatic arteriography, 
hepatic artery chemotherapy perfusion, and tumor 
supplying artery embolization” of the right femoral 
artery under local anesthesia was made. Intraoperative 
angiography showed a large, ill-defined, and irregular 
contrast agent staining of the mass shadow in the right 
lobe, with abundant pathological blood vessels and no 

early manifestation of portal vein branches. The patient 
was administered fluorouracil 1000 mg, epirubicin 50 mg 
chemotherapy infusion, tumor supplying artery iodized 
oil, and PVA embolization in the right and left hepatic 
arteries. The patient was discharged from the hospital 
after receiving protective liver function treatment. 
Later, on October 12, 2020, he began to take 400 mg po 
bid sorafenib (Bayer Medical & Healthcare Corporation, 
trade named Duojimei, German). On October 24, 2020, 
he developed diarrhea, which was not taken seriously 
and was treated. On October 28, 2020, he presented with 
worsening diarrhea and was administered antidiarrhea 
therapy. Considering drug-related side effects, the dose 
of sorafenib was reduced to 200 mg p.o. bid. However, on 
November 4, 2020, a small amount of gingival bleeding 
occurred in the patient, which could stop by itself. The 
patient did not receive further diagnosis and treatment, 
and continued sorafenib administration until November 
10, 2020. The gingival bleeding worsened, and the skin of 
the limbs, head, and face was scattered in the petechiae, so 
he was admitted to our department at 19:04 on November 
10, 2020.

Physical examination on admission: T 36.5°C, P 88 
times/min, R 20 times/min, BP 140/81 mmHg, slightly 
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Abstract An 81-year-old male with unresectable hepatocellular carcinoma underwent transarterial chemoembolization 
(TACE) combined with sorafenib. Platelet count was normal before and after TACE treatment, after which 
oral administration of sorafenib (400 mg po bid) was initiated. During this period, the patient experienced 
significant diarrhea, so the dosage was reduced to 200 mg po bid. Later, the patient showed obvious 
gingival bleeding with progressive exacerbation, and his blood routine examination showed a platelet count 
of 2 × 109 cells/L. The patient was clinically diagnosed with extreme severe thrombocytopenia. The patient 
was advised to stop taking sorafenib and was immediately treated with hemostasis, platelet transfusion, 
and suspended red blood cells. After the above treatment, the patient’s symptoms improved, and he was 
discharged. Up to the date of follow-up, there was no further bleeding.  
Key words: thrombocytopenia; sorafenib; hepatocellular carcinoma
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poor nutrition, scattered petechias in the skin of the limbs, 
head and face without petechias. Double lung breathing 
sounds were thick, and no dry or wet rales were heard. 
Abdominal tenderness, no rebound pain, muscle tension, 
liver, spleen, and subcostal were not touched; the rest 
of the examination did not show positive signs. He had 
hypertension for more than ten years with the highest 
systolic blood pressure >180 mmHg, which was treated 
with oral nifedipine sustained-release tablets 10 mg po 
qd. No sign of diabetes, coronary heart disease, or other 
chronic diseases. No history of hepatitis, tuberculosis, or 
other infectious diseases. No history of blood transfusion 
or donations. No history of food or drug allergies. There 
was no significant family history.        

The results of the auxiliary examination after admission 
showed that hepatitis B markers were negative. Blood 
routine indicated the white blood cell count was 7.86 × 
109 cells/L, hemoglobin was 105 g/L, platelet count was 
2 × 109 cells/L, C-reactive protein was 104.38 mg/L, and 
procalcitonin was 0.320 ng/mL. Liver function showed 
albumin was 33.4 g/L, alanine aminotransferase was 
39 U/L, aspartate aminotransferase was 43 U/L, lactate 
dehydrogenase was 226 U/L, and á-hydroxybutyrate 
dehydrogenase was 176 U/L. Coagulation resulted 
prothrombin time was 14.8 s, partial prothrombin time 
was 55.4 s, fibrinogen was 6.19 g/L, and D-dimer was 
1.30 mg/L. Tumor markers indicated AFP was 3.4 ng/
mL and CA199 was 218.3 U/mL. Myocardial enzymology 
demonstrated hypersensitive troponin T was 28.59 ng/L 
and B-type natriuretic peptide precursor was 765.60 
ng/L. Kidney function, electrolytes, and routine urine 
tests revealed no definite abnormalities. Contrast-
enhanced head, chest, and abdominal CT (November 11, 
2020) revealed postoperative changes in hepatocellular 
carcinoma (HCC) showing multiple nodules, masses, 
and lipiodol deposition in the liver, with the largest 
being approximately 10.2 cm × 6.6 cm. In the arterial 
phase of the enhanced scan, there was still significant 
enhancement, and the portal vein and venous phase 
decreased, suggesting that the tumor was still active, 
while contrast-enhanced scanning of the remaining sites 
showed no abnormal enhancement. 

After admission, the patient was instructed to stop 
taking sorafenib immediately, and was administered 
tranexamic acid and phenolic sulfoethylamine to stop 
bleeding, platelet infusion, interleukin-11 elevated 
platelets, amino acid and fat milk for nutritional support, 
and blood pressure management. No gingival bleeding 
was observed after treatment. At 07:20 on October 11, 
2020, the patient developed fever with a body temperature 
of 38.2°C, accompanied by chills without chills. Blood 
culture was performed, and the body temperature 
returned to normal after hypothermia treatment, and 
anti-infective treatment was administered cefazoxime 

sodium 2 g q12h. On October 11, 2020 solstice during 
November 13, 2020, the patient received five infusions 
of irradiated platelets. Routine blood examination 
(November 14, 2020) indicated a hemoglobin level of 56 
g/L and a platelet count of 2 × 109 cells/L. The hematology 
department of our hospital considered secondary 
thrombocytopenic purpura in consultation and advised 
using terbium and gamma globulin to increase platelet 
count. A platelet matching antibody test negative. On 
November 14, 2020, the patient presented once with 
myelinolysis and weak positive occulted blood in stool. 
Considering severe anemia with gastrointestinal bleeding, 
he was prescribed fasting, pantoprazole for acid inhibition 
and hemostasis, infusion of suspended red blood cells to 
correct anemia, and recombinant human thrombopoietin 
and immunoglobulin to boost platelets. On November 18, 
2020, routine blood analysis indicated a hemoglobin level 
of 37 g/L, and a platelet count of 67 × 109 cells/L. Due to 
continued positive fecal occlusion blood, acid suppression 
and hemostasis and transfusion of suspended red blood 
cells to correct anemia were maintained. On November 
23, 2020, the patient had a good appetite, strong mental 
disposition, and no black stool. Routine blood examination 
showed a hemoglobin level of 72 g/L and a platelet count 
of 107 × 109 cells/L. After the above treatment, the 
patient’s symptoms improved significantly and he was 
discharged to the hospital for rest on November 27, 2020.

Discussion

Primary HCC is a malignant tumor with high clinical 
morbidity and mortality. Due to its insipient onset, rapid 
progression, and difficulty in detection in the early stages, 
most patients are diagnosed in the middle and advanced 
stages, losing the opportunity for radical surgery, resulting 
in poor prognosis, with a median survival of only a few 
months [1]. Currently, transarterial chemoembolization 
(TACE) is an effective treatment for middle-to-advanced 
liver cancer that cannot be surgically resected, and its 
short-term efficacy has been clinically confirmed [2–3]. 
However, the long-term efficacy of TACE treatment is not 
ideal, because incomplete embolization of lesions causes 
ischemia and hypoxia in the tumor microenvironment, 
stimulates the secretion of large amounts of vascular 
endothelial growth factors by the remaining tumor 
cells, promotes tumor angiogenesis, and leads to tumor 
recurrence and metastasis. The development of sorafenib 
provides a new direction for the treatment of patients, 
as an oral multi-target molecular targeted drug that can 
inhibit the growth of tumor cells through the Raf/MEK/
ERK pathway and block tumor angiogenesis [4]. Recently, 
some studies have confirmed that sorafenib can improve 
the prognosis of patients with advanced HCC and, 
combined with TACE, can significantly prolong the time 
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of disease progression and overall survival, which could 
benefit patients with advanced HCC [5–9].

Although TACE combined with sorafenib therapy has 
become a focus of intense research, its treatment-related 
toxicity is also under investigation. According to a number 
of studies [8–10], common adverse reactions to TACE 
treatment include fever, liver pain, nausea, and vomiting, 
while common adverse reactions of TACE combined 
with sorafenib treatment were mainly mild to moderate 
side effects including hand and foot skin syndrome, 
diarrhea, and fatigue. However, one study have shown 
[11] that myelosuppression was mainly mild to moderate 
in the TACE group alone, with seven cases of grade I/II 
leukopenia (12.5%), five of grade I/II thrombocytopenia 
(8.93%), and two of grade III thrombocytopenia (3.57%). 
In the TACE combined with sorafenib group, there were 
four cases of grade I/II leukopenia (7.14%), one of grade III 
leukopenia (1.79%), seven of grade I/II thrombocytopenia 
(12.5%), and one of grade III thrombocytopenia (1.79%). 
Another study reported [12] two patients (2.8%) with grade 
III thrombocytopenia from treatment with TACE alone, 
and ten patients (13.0%) with grade III thrombocytopenia 
who were treated with TACE combined with sorafenib. 
The above reports suggested that combination therapy did 
not significantly increase the probability of treatment-
related side effects, and severe grade IV thrombocytopenia 
was not reported.

The patient in our study was elderly with unresectable 
liver cancer who was treated with TACE combined with 
sorafenib. No fever, abdominal pain, abnormal liver 
function, bone marrow depression, or other complications 
were found after TACE treatment. The patient began to 
take sorafenib orally 22 days after the operation, and 
diarrhea and bleeding gums occurred more than ten days 
after beginning oral sorafenib administration, resulting in 
a platelet count of 2 × 109 cells/L. Therefore, we analyzed 
patients with thrombocytopenia that were closely 
associated with sorafenib. On the one hand, the peak 
of chemotherapy-related side effects mainly occurred 
on the seventh to fourteenth day of chemotherapy, 
while no myelosuppression was observed in these 
patients after TACE. The dose of TACE chemotherapy 
drugs was much lower than in normal intravenous 
chemotherapy. On the other hand, a separate study 
showed serious adverse reactions of sorafenib mainly 
included hand-foot syndrome, fatigue, diarrhea, and 
hypertension [13]. However, myelosuppression usually 
presents as grade I/II white blood cells and neutropenia, 
while there was no severe thrombocytopenia [14]. The 
reason for thrombocytopenia may be related to the anti-
tumor mechanism of sorafenib, which inhibits vascular 
endothelial growth factor receptor and platelet-derived 
growth factor receptor, and can act against tumor 
angiogenesis. Therefore, sorafenib is associated with 

adverse reactions after recognition and binding to the 
corresponding receptors in normal tissues and organs of 
the body.

Conclusion
The patient in this study developed severe 

thrombocytopenia after oral administration of sorafenib. 
Clinicians must therefore closely monitor routine blood 
tests and blood coagulation indices of patients being 
treated with sorafenib and be alert to bleeding caused by 
thrombocytopenia to ensure the safety of medication.
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A 66-year-old man sought treatment from the 
Department of Cardiology at a local hospital. His 
main symptoms were cough and shortness of breath, 
accompanied by dizziness, weakness, and edema of the 
lower limbs for since over half a month prior, which led 
the doctor to suspect “pulmonary heart disease.” The 
laboratory examination results were: white blood cell 
count (WBC) 3.04 × 109/L, red blood cell count (RBC) 
3.05 × 109/L, hemoglobin (Hb) 97 g/L, and platelet count 
(Plt) 87 × 109/L. However, hematological diseases could 
not be excluded, and the patient was admitted to the 
Handan Central Hospital for further treatment. Since the 
disease onset, the patient had a poor mental diet, normal 
stools, hematuria, no significant changes in body weight, 
moderate anemia, edema of both lower extremities, no 
bleeding point or ecchymosis in the systemic skin and 
mucosa, no palpable superficial lymph node enlargement, 
red pharynx congestion, coarse respiratory sounds in 

both lungs, no rrrhoea, no fever, and a blood pressure of 
122/69 mmHg. The laboratory examination results were 
as follows: calcium 2.64 mmol/L, globulin 18.1 g/L, lactate 
dehydrogenase 1136 U/L, ferritin 1129.00 ng/L, uric acid 
884.3 μmol/L, WBC 3.9 × 109/L, RBC 2.58 × 1012/L, Hb 
81 g/L, Plt 65 × 109/L. His quantitative immunoglobulin 
(Ig) levels were: IgG 0.45 g/L, IgA 0.63 g/L, IgM 0.14 g/L, 
and IgE 5 IU/mL. The blood light chain ration κ was 402 
mg/dL, ration λ 280 mg/dL, and κ/λ 1.4357. His blood 
free light chain κ was 6.1 mg/L, blood free light chain λ 
2700.00 mg/L, and blood free light chain κ/λ 0.0023. His 
serum β2 microglobulin was quantified at 3.78 mg/L.

The monoclonal proliferation of abnormal plasma cells 
is a specific pathological feature of multiple myeloma, but 
most malignant tumor plasma cells are well-differentiated, 
morphologically similar to normal plasma cells, and are 
easy to identify. The confusing aspect of this case was the 
bone marrow smear: hyperplasia was significantly active, 
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Abstract We aimed to explore the changes of laboratory indexes of IgD- λ type  multiple myeloma with special cell 
morphology, and to improve the cognition of IgD-λ type MM.  To explore the changes of laboratory indexes 
of  IgD-λ  type  1 multiple myeloma with  special  cell  morphology,  and  to  improve  the  cognition  of  IgD-λ 
type MM. The morphology of bone marrow cells, immunofixation electrophoresis, serum free light chain 
(sFLC) and other detection indexes of a patient with IgD-λ type  MM treated in Handan Central Hospital in 
December 2020 were analyzed. The patient bone marrow smears showed 62% of abnormal cells–which 
were distributed in clusters and resembled lymphoma and metastatic cancer cells. The Flowcytometry 
indicates that the cell is a plasma cell tumor.Immunoglobulin IgG, IgA and IgM were all lower than the 
normal range.There is a monoclonal light chain λ component in immunofixation electrophoresis.The serum 
free  light  chain  λ was  2700.00 mg/  L,  light  chain  k/λ  is  0.0023,  the  high  of  serum    calcium,  LDH,    β2 
microglobulin. IgD-λ type MM is a rare type of MM. The age of onset is young, the invasiveness is strong, 
the prognosis is poor, the clinical manifestation is complex, and it is easy to be misdiagnosed or missed.
The analysis of the clinical symptoms and laboratory characteristics of the disease plays a positive role in 
the diagnosis, treatment and prognosis of the disease .
Key words:  IgD-λ type multiple myeloma; bone marrow cell morphology; immuno fixation electrophoresis; 
serum free light chain
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and abnormal protoplast cells accounted for 62%. The 
cells were of different sizes, irregular shapes, contained 
rich cytoplasm, stained gray-blue, and contained some 
vacuoles, along with coarser chromatin with markedly 
large nucleoli that were scattered or clustered and 
fused (Fig. 1a–c). The following were noted: (1) possible 
lymphoma with bone marrow infiltration; (2) metastatic 
cancer was not excluded. In the patient’s bone marrow 
smears, there were more abnormal cells distributed 
as clusters, which were morphologically similar to 
metastatic cancer cells. Some cells adhered to the clusters, 
and the cytoplasm appeared fused, but closer observation 
revealed a more cytoplasm-like superposition. However, 
single cells were relatively regular with clear nucleoli, 
which is more similar to lymphoid hematopoietic 
system cells, and morphologically indistinguishable from 
lymphoma cells and metastatic cancer cells.

IgD type multiple myeloma (MM) can manifest at a 
younger age and predominantly affects male individuals. 
Patient survival time is short, and the disease can be 
difficult to detect in its early stages. Most patients are 
in stage III period when symptoms appear. λ light chain 
type is more common, and such patients are more 
prone to anemia, kidney damage, hypercalcemia, and 
extramedullary infiltration, with a poor prognosis[1-3]. 
Therefore, early diagnosis is of great significance for 
the clinical treatment of IgD type MM, quality of life 
improvement, and prognosis assessment. In this case, 
serum protein electrophoresis revealed M protein bands, 
immunofixation electrophoresis for blood Ig (G, A, 
and M), κ, λ: monoclonal light chain component λ was 
observed in region λ, and immunofixation electrophoresis 
for blood IgD: monoclonal IgDλ component was observed 

in region β (Fig. 1d–f). His urine trace albumin was 4.65 
g/24 h. Urine light chain λ ration was 378.00 mg/L, and the 
urine free light chain κ/λ was 0.0049 mg/L. FISH(CKS1B/
CDKN2C) (1Q21.1p32.3) 40% (1Q21) and 20% (1p32) 
were detected as positive for chromosome-related CKS1B 
gene deletion. Currently, the most sensitive method that 
can identify monoclonal free light chains is the detection 
of serum free light chain (sFLC) levels, and the sFLC 
κ/λ ratio can reflect the clonality of plasma cells [4–5]. 
However, this requires a high proliferation rate of tumor 
cells, while 1q21 amplification indicates a poor prognosis 
in IgD MM [6].

Flow cytometry (FCM) revealed plasma cell tumors, 
with abnormal cell populations accounting for 14.68% of 
the nuclear cells. Due to the destruction of plasma cells by 
FCM, the proportion of abnormal cells was significantly 
lower than that of the bone marrow smears. The cells 
expressed CD56 and cLambda and partially expressed 
CD138, but did not express CD38, CD19, CD45, and 
cKappa. We considered that the early plasma cells were 
more primitive, which may be related to the special 
morphological manifestation of bone marrow cells. The 
morphological characteristics of myeloma cells are also 
different in different pathological stages and can be used 
to guide the clinical treatment, judge the curative effect, 
and evaluate the prognosis of myeloma cells [7– 8] (Fig. 2).

In conclusion, in the diagnosis of IgD MM, 
the morphological study of bone marrow cells, 
immunofixation electrophoresis, and the detection of 
sFLC are of great clinical significance. In this case, in 
addition to the special cell morphology, the patient 
had a high plasma cell number, a high LDH and β2-
microglobulin expression, and a high sFLC λ level, all 

Fig. 1 Bone marrow image showing pancytopenia and a large number of abnormal cells (a) (Wright Giemsa 10 × 10). Bone marrow image showing 
abnormal plasma cells accounting for 62% (b–c) (Wright Giemsa 10 × 100). A detailed M-band appeared on serum protein electrophoresis (d). Serum 
immunofixation electrophoresis revealed a monoclonal light chain, which is a D-type immunoglobulin (e–f)
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suggesting a higher tumor burden and a more aggressive 
tumor invasion.
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