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Astract

BACKGROUND

Twist is a repressor of E-cadherhtranscription that induces epithelial-mesenchymal
transition and cancer metastasis. However, the prognostic value of Twist expression in

patients with esophageal cancer remains controversial.

AIM
To investigate the prognostic and clinicopathological value of Twist expression in

esophageal cancer.

METHODS

Published literature in atabases such as EMBASE, Web of Science, PubMed, China

National Knowledge Infrastructure, Wanfang, and VIP databases was searched for

eligible articles. Participants with esophageal cancer whose tumor tissues undegwent

immunohistochemistry to detect the expression of Twist were considered. Our meta-
izard ratio (HR) and relative

analysis was conducted using Stata version 12.0. The

ratio (RR) with their 95%CI were pooled. Heterogeneity was estimated by I2 statistics.




RESULTS
Eleven articles published between 2009 and 2021 fulfilled the selection criteria. The
pooled HR for overall survival was 1.88 (95%CI: 1.32-2.69, I>= 68.6%), and the pooled
HR for disease-free survival/relapse-free survival/progression-free survival was 1.84
(95%Cl: 1.12-3.02, I>= 67.1%), suggesting that high Twist expression is associated with
poor prognosis Eesophageal cancer patients. In addition, overexpression of Twist was
rrelated with T stage (T3 + T4 vs T1 + T2, RR = 1.38, 95%ClI: 1.14-1.67), lymph node
metastasis (yes vs no, RR = 1.34, 95%Clzd.ll-l.60), distant metastasis (yes vs no, RR =
1.18, 95%CI: 1.02-1.35), tumor, node and metastasis (TNM) stage (III + IV vsI +II, RR =
1.35, 95%CI: 1.14-1.60), and clinical stage (III + IV vs I + II, RR = 1.58, 95%CI: 1.34-1.87).

However, no correlation between Twist expression and age, gender, tumor location,

differentiation, or venous invasion was observed.

&)NCLUSION

High expression of Twist is associated with poqr esophageal cancer prognosis.
Moreover, Twist overexpression is correlated with T stage, lymph node metastasis,
distant metastasis, TNM stage, and clinical stage, which indicates that Twist might

accelerate esophageal cancer progression and metastasis.
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Core Tip: Esophageal cancer is a leading cause of cancer mortality worldwide. adst is

a transcription factor involved in the process of epithelial-mesenchymal transition and




esophageal cancer metastasis. However, the prognostic value of Twist expression in

patients with esophageal cancer remains controversial. Therefore, we conducted a meta-
analysis to investigate the progrﬁ;tic and clinicopathological value of Twist expression
in esophageal cancer in terms of overall survival, disease-fre& survival/relapse-free
survival / progression-free survival, age, gender, tumor location, T stage, differentiation,
lymph node metastasis, distant metastasis, tumor, node and metastasis stage, clinical-

stage, and venous invasion.




INTRODUCTION

According to the latest global cancer burden report, there were an estimated 572000
new esophageal cancer cases and 509000 deaths in 2020, ranking seventh and fifth in
morbidity and mortality, respectivelyl'l. Among esophageal cancers, 90% of the
histological types are esophageal squamous cell carcinoma (ESCC)['-3l. Although a slew
of breakthroughs in terms of the diagnosis and treatment of esophageal cancer has been
achievedl], the 5-year survival rate of ESCC is only 15%-20%5] due to invasion and
distant metastasis. Therefore, there is an urgent need for the identification of new
prognostic biomarkers to address the poor prognosis of esophageal cancer.
Epithelial-mesenchymal transition (EMT) describes a key developmental program in
which epithelial cells change to motile mesenchymal cellsl®l. Tumor cells can undergo
EMT to promote local invasionl”l, which is the first step of tumor metastasisll. Twist is
reported to be a helix-loop-helix transcription factor that can directly bind to the
promoter of E-cadherin, a tumor suppressor gene associated with EMT, and
downregulate E-cadherin expression(®10l. Thus, Twist can induce EMT and tumor
metastasis. The prognostic value of Twist in esophageal cancer has beepn investigated in
many studies('21] with controversial results. Some studies[2131%17] have shown that
Twist overexpression is closely related to the poor prognosis of esophageal cancer,
while others show that it is unrelated(11141618-21] Therefore, we performed a meta-
analysis to combine relevant studies and clarify whether Twist could be a promising

biomarker for predicting prognosis in esophageal cancer.

MATERIALS AND METHODS

Data mining

Gene expression profiling interactive analysis 2122 (GEPIAQ& a valuable and efficient
web server with which we can perform gene expression analysis based on the The
Cancer Genéne Atlas and the Genotype-Tissue Expression databases. We used GEPIA2

to analyze the expression of Twist in esophageal cancer tissues and normal tissue.




Scatter diagrams and box plots were generated to assess the expression of Twist in

esophageal cancer tissues and normal tissues.

Literature retrieval O

A systematic literature search of the MBASE, Web of Science, PubMed, China National
Knowledge Infrastructure, Wanfang, and VIP databases was conducted to identify
relevant studies up to December 28, 2021. The following keywords were variably
combined: “Twist”, “esophageal”, “esophagus”, “tumor”, “cancer”, “carcinoma”, and
“neoplasm”. Moreover, relevant meta-analysis articles, reviews, and references from the

included studies were also screened.

Inclusion and exclusion criteria

The inclusion criteria in the present meta-analysis were as follows: (1) Twist expression
was analyzed in human esophageal cancer tissues; (2) The hazard ratio (HR) with
95%CI was reported or available to be calculated indirectly; (3) Correlations between
Twist expresﬁn and clinicopathologic characteristics were investigated; and (4) The
reports were published in English or Chinese. The exclusion criteria were as follows: (1)
Duplicate studies; (2) Reviews, animal experiments, case reports, and conference

abstracts; and (3) The HR or 95%CI were unavailable.

Data extraction -

Two of the authors (Wen-Peng Song and Su-Yan Wang) dependently extracted the
following data from each eligible study: the first author, year of publication, country,
sample size, tumor location, positive proportion of Twist, tumor, node and metastasis
(TNM) stage, clinical stage, venous invasion, detection method, cutoff value, antibodies

against Twist, follow-up time, survival analysis, and HR estimates for positive or high

expression of Twist vs negative or low expression of Twist, with their 95%Cls.

Quality assessment of included studies




Two of the authors (Wen-Peng Song and Su-Yan Wang) independently assessed the

quality of the included studies with the Newecastle-Ottawa scale (NOS) criteria.
Included studies with NOS scores > 6 were considered high-quality studies(®l.
Statistical analysis

Our meta-analysis was conducted using Stata version 12.0 (StataCorp, College Station,
Texas 77845 United Etes). We derived pooled HRs and their 95% Cls for all types of
survival outcomes [overall survival (OS), disease-free survival (DFS), relapse-free
survival (RFS), progression-free survival (PFS)]. Heterogeneity of the effect across the
included studies was estimated by I2 statistics. We used a random-effects model if I2 >
50% and/or P < 0.10, which indicated the presence of significant heterogeneity.
Otherwise, we used a fixed-effects modell2!l. Moreover, we further investigated the
correlations between Twist expression and clinicopathologic characteristics. These
clinicopathologic characteristics included age, gender, tumor location (e.g., upper
thorax, middle thorax, lower thorax), T stage, differentiation, lymph node metastasis,
distant metastasis, T clinical stage, and venous invasion. We performed sensitivity
analyses to estimate the stability of the meta-analysis results. Publication bias was
assessed with Egger’s test and Begg's funnel plots(2>2¢l. P values less than 0.05 indicated
the presence of significant publication biasi?’l. In addition, we used the Reference
Citation Analysis database (https://www.referencecitationanalysis.com/) to retrieve

and supplement cutting-edge research results.

RESULTS

Data mining
We used the GEPIA2 web server to detect the expression of Twist in esophageal cancer
tissues and normal tissues. The expression of Twist was significantly higher in
esophageal cancer tissues than in normal tissues (Figure 1). Therefore, we further

explored the prognostic value of Twist overexpression in esophageal cancer by meta-

analysis.




Literature retrieval
Figure 2 shows the flow diagram for the literature search and selection. We finally

identified 11 eligible studies in this meta-analysis(''-21l.

Study characteristics

The baseline characteristics of the included studies are shown in Table 1. Among all
eligible studies, six studies were published in Englishl'1-141718], while five were
published in Chinesel!5161921], All included studies examined the expression of Twist in
esophageal cancer tissue with immunohistgchemistry (IHC). Two metrics for THC
staining were used in some studies[!121821l: The percentage of positively stained cells
and the staining intensity. However, some studiesl'>7] evaluated Twist expression
using only one metric for IHC staining, which resulted in assessing the expression of
Twist at various cutoff values. In addition, HRs were directly reported in some

studies!1-1417.20], while others!1>16.181921 were indirectly calculated from survival curves.

Meta-analysis

All included studies reported HRs of OS, and four reported DFS/RFS/PFS (Table 2,
Figure 3). Both the pooled HR for OS (HR = 1.88, 95%CI: 1.32-2.69, I2 = 68.6%) and the
pooled HR for DFS/RFS/PFS (HR = 1.84, 95%CI: 1.12-3.02, I? = 67.1%) suggested that
Twist overexpression was associated with poor prognosis in esophageal cancer patients.
Heterogeneity was explored by subgroup analysis based on the detection method.
Immunoreactivity scored by multiplying the percentage score and intensity score
(pooled OS; HR = 1.517, 95%Cl: 0.869-2.649, I2 = 79.5%) showed very high heterogeneity
when compared with scoring by staining intensity (po OS; HR = 2.72, 95%CI: 1.84-
4.03, I2 = 0%) or percentage of stained cells (pooled OS; HR =245, 95%CI: 1.43-4.19, 2 =
0%) (Table 2 and Figure 3C).

Correlation between the expression of Twist and clinicopathologic characteristics




As shown in Table 3 and Figure 4, Twist overexpression watﬁorrelated with T stage (T3
+ T4 vs T1 + T2, RR = 1.38, 95%Cl: 1.14-1.67), lymph node metastasis (yes vs no, =
1.34, 95%CI: 1.11-1.60), distant metastasis (yes vs no, RR = 1.18, 95% CI: 1.02-1.35), TNM
stage (III + IV vs I + II, RR =1.35, 95%CI: 1.14-1.60), and clinical stage (IIl + IV s I +1I,
RR = 158, 95%CIL: 1.34-1.87), which indicated that Twist overexpression might
accelerate esophageal progression and metastasis. However, no correlation between
Twist expression and age, gender, tumor location, differentiation, or venous invasion

was observed.

Sensitivity analysis
The sensitivity analyses for tE association between Twist expression and esophageal
cancer prognosis suggested that the results of this meta-analysis were stable and

reliable (Figure 5).

Publication bias
Publication bias was assessed, and the results showed symmetrical Begg’s funnel plots
for OS with a P value of 0.78 (Figure 6), suggesting that no obvious publication bias

existed.

DISCUSSION

This meta-analysis suggests gat high expression of Twist is associated with poor
prognosis in esophageal cancer. The subgroup analyses by the detection method of
Twist expression imply that major heterogeneity is derived from evaluating Twist
expressitﬁ by different metrics for IHC staining. Several clinicopathological parameters,
such as T stage, lymph node metastasis, distant metastasis, TNM stage, and clinical
stage, were positively correlated with Twist expression. Some meta-analyses have
investigated the relationship between Twist expression and prognosis in other cancers.
For example, Zeng et allZlinvestigated the prognostic value of Twist in lung cancer and

found that high expression of Twist indicated a worse prognosis. Similarly, several




meta-analyses revealed that Twist overexpression indicated poor prognosis in breast
cancerl?], head and neck carcinomal3’l, colorectal cancer3ll, hepatocellular carcinoma,
urinary cancer, and female reproductive cancerl32. Our meta-analysis presents similar
results and suggests that Twist might be a valuable prognostic biomarker in esophageal
cancer.

The human Twist gene constitutes one intron and two exons lﬁlized on 7q21.21%1,
Twist is widely expressed in various cancers, such as lung cancerl(3, breast cancer[353¢l,
esophageal cancerl?”], and prostate cancerl®]. Twist not only plays an important role in
mesodermal development but can also participate_jn the EMT of some epithelium-
derived tumor cells. Twist could interact with the Mi2/NuRD chromatin remodeling
and gene repression complex (MTA2, RbAp46, Mi2, and HDAC2)*l. Twist recruits
MTAZ2 to the E-cadherin promoter and reduces the level of acetylation in the promoter
region, thereby inhibiting the expreﬁon of E-cadherin and promoting the invasive
progression of ESCCHI. Moreover, integrin-mediated adhesion to interstitial matrix
proteins may differentially regulate nuclear/cytoplasmic translocation and DNA
binding of Twistl, thereby activating the transcription of N-cadherin/®!. In malignant
melanoma,ﬁcreased N-cadherin expression following the loss of E-cadherin mRNA
expression has been shown to play an important role in the regulation of cell migration,
invasion, and survivall2l,

Although all eligible studies used IHC to detect Twist expression, the type of primary
antibody used, the degree of antibody dilution, and the quantification of the method
were not the same. Second, immunohistochemical scores were classified into three
categories in the included studies: scored by intensity, scored by the percentage of
stained cells, and multiplied by the percentage score and intensity score, which may be
the main sources of heterogeneity. The subgroup analysis found that immunoreactivity
scored by multiplying the percentage score and intensity score showed very high
heterogeneity (I2 = 79.5%), indicating that different scoring methods for IHC could

contribute to potential publication bias. In addition, the scoring criteria and cutoff




points for immunohistochemistry were subjective and not uniform in the included
studies.

According to Sun ef all¥], the positive expression of the Twist gene in ESCC stromal
fibroblasts was associated with poor overall survival. Similarly, Yeo ef all7l found high
Twist ﬁotein expression in cancer-associated fibroblasts of ESCC and concluded that
Twist was an independent predictor of poor prognosis for OS. Therefore, more research
is needed to explore the clinical significance of Twist expression in stromal fibroblasts.
Nakajima et all studied the expression of Twist in 54 patients who co&secutively
received 5-fluorouracil neoadjuvant chemotherapy followed by surgery. The results
also showed that high Twist expression was positively associated with a worse
esophageal cancer prognosis. In addition, Tang et al? detected tumor samples of 55
ESCC and 31 EAC obtained by endoscopy instead of surgery, while other included
studies all detected Twist expression in tissues obtained from patients who underwent
surgical treatment. Therefore, the conclusions of the studies discussed above are
consistent with the results of our meta-analysis.

patients were included. Second, all of the patients were from Asian countries, and most

This study might have several limitations. First, only 11 studies including 1293

were from China, which limited the application of our findings in other countries and
regions. Third, the use of different anti-Twist antibodies in the included studies might
cause heterogeneity in our meta-analysis. Hence, more evidence is urgently needed to
assess the correlation between the expression of Twist and prognostic value in
esophageal cancer patients.

our meta-analysis only included ESCC patients who underwent surgery. We found few

Many aspects of Twist deserve further research. Except for the study of Tang et all?),

studies investigating the clinicopathological and prognostic significance of the Twist
gene in other histological types of esophageal cancer. Furthermore, Lee et all®®l
demonstrated that TWIST-positive circulating tumor cells (CTCs) were common in
ESCC patients (75% of the total study population), and a proportion of TWIST (+) CTCs

> 0.5 was significantly associated with advanced histologic gradel®l. THC staining is




mostly used in studies on the clinical significance of TWIST in esophageal cancer, but
this is not conduciﬁ to the application of Twist in the diagnosis and treatment of
esophageal cancer. As a novel noninvasive biomarker for the ﬁagnosis and prediction
of tumor progression, CTCs are needed for more studies to evaluate the clinical
prognostic value of TWIST (+) CTCs in esophageal cancer patients and overcome the

challenges of standard CTC isolation and the diversity of CTC counting methods.

CONCLUSION

In summary, this meta-analysis suggests that Twist overexpression is associated with a
poor esophageal cancer prognosis despite the limitations encountered by our study.
Twist overexpression is correlated with T stage, lymph node metastasis, distant
metastasis, TNM stage, and clinical stage, which indicates that Twist might accelerate
esophageal cancer progression and metastasis. Furthermore, the sensitivity analyses

implied that our meta-analysis yielded a stable and reliable estimate.
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