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Abstract
Background: Anoctamin-1 (ANO1) plays a pivotal role in cancer progression. A meta-analysis was conducted to assess the
potential prognostic role of ANO1 in cancers.

Methods:A total of 1760 patients from 7 eligible studies were included into the analysis. Pooled hazard ratios or odds ratios were
extracted and calculated with a random-effects model, and analyses of heterogeneity bias were conducted.

Results:Our results showed that over expression of ANO1 was significantly correlated with poor overall survival in all cancers (HR=
1.52; 95% CI: 1.19–1.92; P= .0006). Subgroup analysis indicated that there was a significant association between over expression of
ANO1andpoor prognosisbreast cancer (HR=3.24; 95%CI: 1.74–6.04), headandnecksquamouscell carcinoma (HR=1.14; 95%CI:
1.00–1.30), esophageal squamous cell carcinoma (HR=1.93; 95%CI: 1.07–3.50), gastric cancer (HR=1.62; 95%CI: 1.12–2.34) and
colorectal cancer (HR=1.38; 95%CI: 1.03–1.85). In addition, over expression ofANO1wasnot associatedwith TNMstage, histological
grade, lymphnodemetastasis, tumor size, age and gender. However, ANO1was significantly associatedwith human epidermal growth
factor receptor 2, but not associated with progesterone receptor or estrogen receptor in breast cancer.

Conclusions: Our results indicate that ANO1 can be a predictive factor for prognosis of cancer.

Abbreviations: ANO1 = Anoctamin-1, CaCCs = calcium-activated chloride channels, CI = confidence intervals, ER = estrogen
receptor, ESCC= esophageal squamous cell carcinoma, GISTs= gastrointestinal stromal tumors, HER2= human epidermal growth
factor receptor 2, HNSCC = head and neck squamous cell carcinoma, HR = hazard ratio, OR = odds ratio, OS = overall survival, PR
= progesterone receptor, RVD = regulatory volume decrease.
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1. Introduction

Cancer which is a kind of disease that seriously endangers
people’s lives and health remains a increasing public health
problem worldwide because the increasing tendency of overall
morbidity over the past decades.[1,2] In recent years, despite
there have been many new advances in cancer research, and the
level of diagnosis and treatment has also been continuously
improved, while the 5-year survival rate has not decreased
significantly for cancers.[3] Therefore, there is an urgent need to
explore reliable biomarkers for cancer diagnosis, prediction and
prognosis.
Chloride channels play an important role in regulation of cell

volume, transepithelial transport and membrane excitability.[4,5]

In epithelial cells, calcium-activated chloride channels (CaCCs)
are important for epithelial secretion in response to hypotonic
stress,[5] and can lead to regulatory volume decrease (RVD)[6,7]

which is a critical process that regulate cell volumes following
osmotic perturbations.
Anoctamin-1 (ANO1) is confirmed as a CaCCs that is highly

expressed in epithelial cells in 2008.[8–10] ANO1 which has 10
transmembrane segments with cytosolic amino and carboxyl
termini[11] plays diverse roles in regulating epithelial fluid
transport, gastrointestinal tract motility and saliva production,
and ANO1 gene is located at chromosome 11q13 which is
frequently amplified in many human cancers, including bladder
cancer, breast cancer and head and neck squamous cell
carcinoma (HNSCC).[12]

Studies have found that ANO1 over expressed in many types of
tumors usually originated from epithelia including esophageal
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cancers, gastrointestinal stromal tumors (GISTs), HNSCC, lung
cancer, breast cancer, gastric cancer, prostate cancer, ovarian
cancer, oral squamous cell carcinoma, lung cancer, esophageal
squamous cell carcinoma (ESCC), pancreatic cancer and
hepatocellular carcinoma.[13–26] In recent years, studies have
researched the role and mechanism of ANO1 in tumors from the
perspective of molecular mechanisms, cellular levels, clinical
tissues and blood. However, due to the large heterogeneity of
tumors, the role and mechanism of ANO1 in tumors have not
been fully elaborated. Although studies have found ANO1 has a
important role in prediction and prognosis with poor survival of
cancers, however, no studies have not yet summarized these
studies, and the results of these studies are inconsistent and the
sample size is small, therefore, the aim of this study is to make a
comprehensive analysis on prediction and prognosis between
ANO1 and cancers.
2. Methods

2.1. Search strategy and study selection

This study performed following the Preferred Reporting Items for
Systematic Reviews andMeta-analysis (PRISMA) criteria. English
studies were searched in the PubMed, Springer link, Cochrane
and Web of Science by 2 researchers independently (updated
on June 01, 2020) using the following search terms: (“ANO1” or
“TMEM16A” or “TAOS2” or “DOG1”) and (“tumor” or
“neoplasm” or “cancer” or “carcinoma”) and (“prognosis”
or “prognostic”). We also manually searched the citation lists of
relevant studies to identify additional eligible articles.

2.2. Inclusion and exclusion criteria

The inclusion criteria were as follows:
1.
 studies that evaluated the prognostic value of ANO1 in
patients with cancers;
2.
 studies in which ANO1 expression was detected in human
tumor tissues by immunohistochemistry (IHC);
3.
 studies that reported hazard ratios (HRs) and 95% CI for
overall survival (OS);
4.
 studies that classified tissues into 2 groups that high expression
of ANO1 and low/negative expression of ANO1; and
5.
 studies published in English.

Exclusion criteria were as follows:
1.
 reviews, case reports, conference abstracts, letters to the editor,
and laboratory studies;
2.
 repeat analyses; and

3.
 in sufficient data for further analysis.

2.3. Data extraction and quality assessment

Two researchers independently reviewed all studies, and
disagreements between 2 researchers were resolved by consensus.
The following data extracted from studies: first author, year of
publication, region of study, cancer type, number of cases, TNM
staging, detection method, cut-off value, survival outcomes, and
median follow-up months. The quality of included studies was
assessed by The Newcastle–Ottawa Scale (NOS), and studies
with the score of ≥5 were considered high quality (Table S1,
http://links.lww.com/MD/F612).
2

2.4. Statistical analysis

All the statistical analyses were calculated using RevMan
software 5.3 (The Cochrane Collaboration, Oxford, UK) or
Stata 12.0 (Stata Corp LP, College Station, TX, USA). The pooled
HR and 95% CI were calculated to evaluate the association
between ANO1 expression and OS of cancers. In addition, the
pooled odds ratio (OR) and 95% CI were utilized to access the
correlation between ANO1 expression and the pathological
parameters of cancers. Heterogeneity was evaluated using the test
of Higgins I2. The stability of the pooled results was validated
using the sensitivity analysis by omitting each study. Two-tailed P
values <.05 were considered statistically significant.
2.5. Ethics and dissemination

Ethical approval was not required in this secondary research
evidence, and private information from individuals will not be
published. Results from this study will be disseminated through
peer-reviewed journals and conference reports.
3. Results

3.1. Study selection and demographic characteristics

The main characteristics of the 7 eligible studies are summarized
in Table 1.[23,27–32] The initial search strategy identified 795
potentially relevant articles. After further screening, a total of 7
studies involving 1760 patients were finally included in this meta-
analysis. The flow chart of the process of study selection is
presented in Figure 1. ANO1 expression was detected by
immunohistochemistry (IHC) in different cancer type involving
in breast cancer, ESCC, HNSCC, gastric cancer and colorectal
cancer. All the 7 studies researched the prognostic role of ANO1
in OS. HR with the corresponding 95% CI was directly obtained
through COX analyses from 7 studies.
To ensure the accuracy of analysis results, we performed

evaluation of the quality of included studies according to The
Newcastle–Ottawa Scale (NOS), and results showed that the
score of all 7 studies were ≥5 which was considered as high
quality (see Table S1, http://links.lww.com/MD/F612, Supple-
mental Content, which evaluates the qualities of the included
studies based on the Newcastle–Ottawa scale).
3.2. Evidence synthesis
3.2.1. Overall survival. The pooled results showed that over
expression of ANO1 had a significant poor OS (HR=1.52; 95%
CI: 1.21–1.97; P= .0006). Owing to the obvious heterogeneity in
the synthesis analysis (I2=68%, P= .004), a random-effects
model was applied (Fig. 2A). In addition, when the subgroup
analysis was completed according to cancer type (Fig. 2B), the
pooled HR revealed an association between over expression of
ANO1 and unfavorable prognosis in patients with breast cancer
(HR=3.24; 95% CI: 1.74–6.04; P= .0002), HNSCC (HR=
1.14; 95% CI: 1.00–1.30; P= .04), ESCC (HR=1.93; 95% CI:
1.07–3.50; P= .03), gastric cancer (HR=1.62; 95% CI: 1.12–
2.34; P= .01), colorectal cancer (HR=1.38; 95% CI: 1.03–1.85;
P= .03).

3.2.2. Pathological parameters. To explore the role of ANO1
as a biomarker in cancers, we also investigated the association
between over expression of ANO1 and clinicopathological
parameters of patients with cancer. As illustrated in Figure 3A-F,
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Table 1

Main characteristics of the included studies.

Author Year Country Cancer type Case
ANO1 Positive

(%)
TNM
stage

Reference
method

Cut-off value
(positive) Outcome

MFU time
(months)

NOS
score

Bae et al 2018 Korea Breast cancer 139 71 (51) I-IV IHC ≥5 (0–8) OS 154.1 8
Jiang et al 2019 China Colorectal cancer 122 78 (64) I-IV IHC ≥5 (0–8) OS NR 7
Liu et al 2015 China Gastric cancer 367 254 (69) I-IV IHC >8 (0–16) OS NR 6
Rodrigo et al 2015 Spain HNSCC 357 78 (22) I-IV IHC ≥1 (0–2) OS NR 7
Ruiz et al 2012 Germany HNSCC 225 18 (8) NR IHC >0 (0–3) OS NR 7
Wu et al 2017 China Breast cancer 353 208 (59) I-IV IHC ≥5% (0–100%) OS NR 7
Yu et al 2019 China ESCC 197 39 (20) NR IHC ≥3 (0–7) OS 34 7

ESCC= esophageal squamous cell carcinoma, HNSCC= head and neck squamous cell carcinoma, IHC= immunohistochemistry, MFu=median Follow-up, NOS= Newcastle–Ottawa scale, NR= not reported,
Os = overall survival.

Zhang et al. Medicine (2021) 100:4 www.md-journal.com
the combined data suggested that over expression of ANO1 had
no association with the following parameters: TNM stage (III+IV
vs I+II; OR=1.79; 95% CI: 0.87–3.70; P= .12), histological
grade (poor vs well or moderate; OR=0.65; 95% CI: 0.13–3.19;
P= .60), lymph node metastasis (positive vs negative; OR=1.36;
95% CI: 0.53–3.49; P= .52), tumor size (>5 vs �5cm; OR=
1.12; 95% CI: 0.76–1.65; P= .56), age (>50 vs �50years;
Figure 1. The flow diagram of the study selection process.
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OR=0.82; 95% CI: 0.47–1.42; P= .48) and gender (male vs
female; OR=1.50; 95% CI: 1.01–2.23; P= .05). However,
ANO1 was significantly associated with human epidermal
growth factor receptor 2 (HER2) (positive vs negative; OR=
1.98; 95% CI: 1.32–2.97; P= .001) (Fig. 4C), but not associated
with estrogen receptor (ER) (positive vs negative; OR=1.08;
95% CI: 0.75–1.54; P= .69) (Fig. 4A) or progesterone receptor
(PR) (positive vs negative OR=1.09; 95% CI: 0.60–1.96;
P= .78) (Fig. 4B) in breast cancer. The details of the meta-
analysis results are summarized in Table 2.

3.3. Sensitivity analysis

Each single study was deleted to evaluate whether any individual
study could affect the pooled HR for OS, and the result of
random-effects sensitivity analysis was negative (Fig. 5). There-
fore, these tests verified that the results were reliable.

4. Discussion

Research results that ANO1 over expressed in cancers originated
from epithelial cell, and involved in the pathogenesis of cancer
indicated that ANO1 is a promising marker and drug target for
the diagnosis and treatment of tumors.[33–35] Furthermore, a
number of studies have evaluated the role of ANO1 in guiding the
prognosis of tumors. However, these studies have limitations due
to the influence of factors such as different sample sizes, different
races, and different inclusion criteria. This meta-analysis is the
first comprehensive analysis of all 7 studies on the prognostic
effect of ANO1 as a marker on tumors. In the present meta-
analysis, we systematically evaluated the predictive effects of over
expression of ANO1 for survival rate and pathological
parameters from 7 independent studies involving 1760 patients
with cancers. The similarity of these included studies is based on
survival analysis to explore the potential prognostic role of
ANO1 in cancer patients. The differences of these included
studies mainly depend on different research objects and research
methods, involving cancer type, sample size, population
distribution, cut-off value and follow-up time.
Our results found that ANO1was significantly associated with

OS of cancer, and the obvious heterogeneity in the analysis (I2=
68%, P= .004). The heterogeneity of this analysis result may be
derived from the inherent heterogeneity of the tumor. The pooled
of survival rates of different cancer types leads to the
heterogeneity of the analysis results. To explore the heterogeneity
of synthesis analysis, subgroup analysis was performed according
to cancer type. The results of subgroup analysis showed that
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Figure 2. Forest plot of studies. (A) Forest plot of studies evaluating the correlation between ANO1 and overall survival in patients with cancers. (B) Forest plot
describing the hazard ratios and their corresponding CIs by cancer type subgroups.

Zhang et al. Medicine (2021) 100:4 Medicine
ANO1 has prediction effects on different types of cancer, and
ANO1 had the strongest prognostic effect on breast cancer
(HR=3.24; 95% CI: 1.74–6.04; P= .0002). These results
indicated that ANO1 is a promising predictor for OS of cancer.
We further research the relationship between ANO1 and HER2,
PR, ER in breast cancer. Our results also demonstrated that
ANO1 expression is associated with human epidermal growth
factor receptor 2, but not associated with progesterone receptor
or estrogen receptor in breast cancer. These results indicate that
4

there is an intrinsic relationship between the expression of ANO1
and HER2, and lay the foundation for the diagnosis and
treatment of ANO1 combined with HER2 for breast cancer.
Our prognostic analysis results of clinical patients are

consistent with previous research results. Epithelial cancers such
as breast cancer often occur due to the amplification of the 11q13
gene region. Since the 11q13 locus contains the ANO1 gene,
tumors originating from the epithelium are often accompanied by
the amplification of the ANO1 gene.[36] However, some studies



Figure 3. Forest plots of odds ratios for the associations between ANO1 and clinicopathological features in cancers. (A) TNM stage. (B) Histological grade. (C)
Lymph node metastasis. (D) Tumor size. E, Gender. (F) Age.

Zhang et al. Medicine (2021) 100:4 www.md-journal.com
have also found that ANO1 forms a polymer with other
molecules such as EGFR, and the polymer acts as a trans-acting
factor to directly activate the amplification of 11q13.[18]
5

Furthermore, in HNSCC and other cancers, it is found that
cancer cell cycle regulation is closely related to ANO1.[37] In
addition, ion channel properties that regulate the changes of
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Figure 4. Forest plots of odds ratios for the associations between ANO1 and (A) ER. (B) PR. (C)HER-2.in breast cancer.

Zhang et al. Medicine (2021) 100:4 Medicine
water and chlorine to change the shape of cells to adapt to the
migration and invasion of cancer cells.[38,39] More importantly,
ERK, Ca-M, PI3K-Akt, TNF, and other signaling pathways can
all regulate ANO1 or be regulated by ANO1.[13,14] The above
factors lead to the proliferation and invasion of cancer cells,
which leads to the decrease of clinical overall survival rate.
To further evaluate the predictive effect of ANO1 over

expression on cancer clinical parameters, we comprehensively
analyzed parameters of different types of tumors which is derived
from epithelium, such as: TNM stage, lymph node metastasis,
tumor size, tumor differentiation, age, gender. Although many
studies have shown that ANO1 plays an important role in cancer
through the mechanism of characteristics of ion channels and
Table 2

Main meta-analysis results of ANO1 overexpression in patients with

Group (Number) Number of studies Number of p

Overall survival 7 1858
Clinicopathological parameters
TNM stage (III+IV vs I+II) 4 985
histological grade (poor vs well + moderate) 3 617
lymph node metastasis (positive vs negative) 3 628
tumor size (>5 vs �5 cm) 2 489
ER (positive vs negative) 2 546
PR (positive vs negative) 2 546
HER2 (positive vs negative) 2 546
age (>50 vs �50 years) 2 261
gender (male vs female) 2 332

HR = hazard ratio, OR = odds ratio.

6

activation of cell signaling pathways, and the expression level of
ANO1 is also highly correlated with clinical parame-
ters,[13,17,23,29,31,40,41] but our pooled results that ANO1 was
not correlated with tumor stage, histological grade, lymph node
metastasis and tumor size is not consistent the previous studies.
This seemingly contradictory result may be caused by the
following reasons. First, the number of studies that meet
the inclusion criteria for a comprehensive analysis is limited,
and the conclusion of the pooled may be less effective and should
be interpreted with caution. Second, all 7 eligible studies are
retrospective studies, which may cause bias. Third, there is a high
degree of undetected heterogeneity between subgroup analyses,
which we believe may be due to a small number of studies and
cancers.

atients HR (95% CI) P Heterogeneity I2 (%) P

1.52 (1.19–1.92) ∗.0006 68 .004
OR (95% CI)

1.79 (0.87–3.70) .12 75 .007
0.65 (0.13– 3.19) .60 92 <.001
1.36 (0.53–3.49) .52 85 .001
1.12 (0.76–1.65) .56 0 .96
1.08 (0.75–1.54) .69 0 .70
1.09 (0.60–1.96) .78 56 .13
1.98 (1.32–2.97) ∗.001 0 .81
0.82 (0.47–1.42) .48 0 .78
1.50 (1.01–2.23) .05 0 .37



Figure 5. The random-effects sensitivity analysis of the overall survivals. (A)Graph of sensitivity analysis result. (B)Table of sensitivity analysis result.
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samples, different tumor types or cut-off values. However, since
only aggregated data can be used, heterogeneity cannot be
completely eliminated. More prospective studies are needed to
further confirm the prognostic role of ANO1 expression in cancer
survival and the relationship between ANO1 expression and
clinicopathology.
Our research did not perform the test of publication bias to

assess the stability of the results, because the number of articles
that meet the inclusion criteria is small (7 studies), so the test of
publication bias has its own limitations. While our study
analyzed the heterogeneity of the results that originated from
the clinicopathological classification, and sensitivity analysis also
validated the stability of the pooled results.
In addition, in vitro diagnosis and liquid biopsy are effective

ways to detect early cancer.[16] A number of studies have shown
that ANO1 mRNA can amplified in peripheral blood mononu-
clear cells in the blood of patients with ovarian cancer and
gastrointestinal stromal tumors, and as the tumor is removed, the
level of ANO1 gene amplification is significantly reduced.[16,42]

These results are consistent with our meta-analysis research
results that ANO1 has a good predictive effect on cancer and is
closely related to survival rate. This study provide statistical
7

evidence that ANO1 is associated with unfavorable prognosis in
various cancers. ANO1 can be a promising prognostic biomarker
and a potential drug target for cancers.
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