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Abstract
Leucine-rich G protein-coupled receptor 5 (LGR5) is a marker of cancer stem cells (CSCs) in various cancers. 
Based on different studies, conflicting reports exist on correlation between LGR5 expression and poor prognosis/
clinicopathological parameters in cancer patients. Therefore, our purpose in conducting this study was to investigate 
correlation between LGR5 expression and outcomes of cancer patients under study through a systematic review and 
meta-analysis. Relevant articles were searched and collected using EMBASE, PubMed, Science Direct, and Scopus 
databases until December 21, 2022. This study was conducted to examine correlation between LGR5 expression and 
different clinical outcomes, such as recurrence-free survival (RFS), disease-free survival (DFS), overall survival (OS), 
and clinicopathological characteristics of the included cancer patients. To achieve this, hazard ratios (HRs) with 95% 
confidence intervals (CIs) and odds ratios (ORs) with 95% CIs were used as statistical measures. A meta-analysis was 
conducted using STATA 12.0 software. Finally, 53 studies including 9523 patients met the inclusion criteria. Significantly, 
high-level expression of LGR5 was related to poor prognosis in terms of OS, higher tumor stage, presence of distant 
metastasis, and presence of lymph node metastasis. It was discovered through subgroup analysis that several factors, 
including the study area, evaluation method, and type of cancer, can influence the correlation between LGR5 expression 
and negative prognosis in cancer patients. According to the results of our study, LGR5 overexpression was related to 
poor OS in cancer patients. In addition, clinicopathological data indicated an unfavorable prognosis in cancer patients 
with high LGR5 expression. In conclusion, LGR5 may serve as a potential prognostic marker for predicting survival in 
certain cancer types.   
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Introduction
Cancer remains a leading cause of death globally and 

a significant public health issue (1). Despite extensive 
studies in recent decades and progress in new systemic 
treatments, cancer treatment faces many challenges, 
including resistance to treatment and the existence of 
cancer stem cells (CSCs) (2). These challenges contribute 
to tumor recurrence, tumor progression, and mortality. 
Therefore, to effectively treat cancer and address the 
issues of invasion and metastasis and thus improve patient 
outcomes, it is essential to identify prognostic markers 
and new treatment options (3).

The CSCs theory is supported by data from various 
tumors and malignancies, indicating that CSCs have 

the potential to re-establish an entire tumor (4). These 
cells play a critical role in tumor development, spread, 
progression, metastasis, recurrence, and resistance to 
treatment due to their ability to self-renew, be flexible, and 
differente into heterogeneous cell lineages (5). Various 
factors regulate CSCs (6). Signaling pathways similar to 
those found in normal stem cells are also present in CSCs 
(7). Consequently, targeting the signaling pathways and 
genes involved in regulating CSCs is highly effective in 
eliminating these cells and preventing treatment failure, 
adverse outcomes, and side effects (8). Moreover, 
investigation of CSC markers could potentially provide 
prognostic information and new therapeutic targets (9).

LGR5, a G-protein coupled receptor, is encoded by the 
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gene located on chromosome 12. This receptor contains 
a leucine-rich repeat and is also referred to as GPR49,  
which belongs to the G-protein-coupled receptor family 
(10). LGR5 is a Wnt target gene and it has been identified 
as a CSC marker in intestinal cells (11). Its ability to 
maintain CSCs and promote cancer progression has been 
observed in various types of cancer, including breast, 
colorectal, hepatocellular, gastric, and ovarian cancers 
(12-15). Recent studies showed that LGR5 expression 
levels could predict prognosis, recurrence, and survival 
rates in some cancer types (16, 17). High expression 
of LGR5 has been linked to shorter survival rates and 
advanced clinicopathological features in several studies 
(14, 18-20). 

This suggests that LGR5 may serve as a potential 
prognostic biomarker as well as a therapeutic target for 
tumors. Moreover, LGR5 expression has been shown to 
cause resistance to 5-FU-based chemotherapy and tumor 
recurrence. Therefore, checking LGR5 expression may 
help identify cancer patients with poor clinical outcomes 
(21). Therapies targeting pathways related to LGR5 
signaling are important strategies to improve the efficacy 
of cancer treatment (22). 

This  study  aimed  to  comprehensively  evaluate 
prognostic significance of LGR5 expression in various 
cancers, given the conflicting research on its association 
with poor prognosis (18, 23, 24). To accomplish this, 
a meta-analysis of 53 studies with 9523 patients was 
conducted, in order to investigate potential role of 
LGR5 as a clinical and prognostic marker and clarify 
its relationship with clinical pathological parameters in 
different cancers.

Materials and Methods
Study strategy

This study was conducted according to PRISMA 
guidelines (PRISMA Checklist) (25). Two researchers 
independently searched databases including EMBASE, 
Science Direct, PubMed, and Scopus up to December 
21, 2022. In this study, we used the following medical 
terms to search: ("Cancer" OR "Carcinoma" "Neoplasm" 
OR "Tumor") AND ("LGR5" OR "G-protein coupled 
receptor 67" OR "G-protein coupled receptor 49" AND 
"prognosis"). We first gathered the publication’s summary 
and title, then carefully reviewed all selected articles to 
ensure they contained the necessary information. Any 
discrepancy was discussed with another researcher to 
reach a consensus.

Selection criteria
Eligibility criteria for inclusion in our study were as 

follows: i. Articles published in English, ii. Diagnosis 
of any type of cancer or malignancy in patients 
was confirmed by pathological identification, iii. 
Investigation of  LGR5 expression in human tissue 
samples were evaluated by any technique, iv. Studies in 

which the correlation of LGR5 expression with overall 
survival (OS), recurrence-free survival (RFS), disease-
free survival (DFS), and/or clinicopathological data of 
cancers were investigated and patients were separated 
into two groups (positive and negative, or high and 
low) according to LGR5 expression, and v. Articles 
that calculated ORs for pathologic clinical features 
hazard ratios (HRs) f or prognostic outcomes. The 
study excluded book chapters, letters, reviews, or 
conference abstracts, as they lacked sufficient data, 
as well as articles on animals, cell lines, or blood 
samples, as well as studies that did not have sufficient 
useful information.

Data extraction 
Two researchers (S.GH. and A.N.) independently 

assessed each eligible article and extracted data from 
qualifying publications. The study collected data 
from each publication, settling disagreements through 
conversation and using the Newcastle-Ottawa quality 
evaluation scale to appraise available studies. The most 
commonly collected data items included author, cancer 
type, sample size, detection method, publication year, 
nation, recruitment time, outcomes, HR acquire method, 
and Newcastle-Ottawa scale (NOS) score (26). S.J. and 
R.N. verified the all data.

Quality assessment
Two authors (S.GH. and S.J.) independently assessed 

quality of the articles using the NOS rating system, which 
rates articles on a scale of zero to nine stars, as shown 
in Table S1 (See Supplementary Online Information at 
www.celljournal.org). Articles scoring six or higher were 
deemed of good quality, and any disagreements were 
resolved through discussion. 

Statistical analysis 
The effect sizes of HR from each original article 

were extracted directly in Meta-analysis. Cochran’s test 
evaluated heterogeneity and expressed it with the I2 index. 
Pooled results used a random effects model. Subgroup 
analysis was conducted based on cancer type, ethnicity, 
and diagnosis method. To assess robustness of the results, 
sensitivity analysis was conducted by excluding one study 
or group of studies at a time. All statistical analysis was 
conducted using STATA software (version 12.0; STATA 
Corp, USA). Publication bias was assessed using Egger’s 
test and funnel plots. 

Results
Literature search 

As shown in Figure 1, initially 958 articles were 
recognized using the primary search based on PRISMA 
guidelines. After removing overlapping studies, 695 
studies were selected, and then the titles and abstracts of 
the selected studies were independently assessed by two 
authors to remove unrelated items. The authors examined 
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the remaining 322 articles carefully. 269 studies were 
excluded from our review for the following reasons: letters 
(n=6), reviews (n=21), blood samples (n=4), non-cancer 
studies (n=103), abstract of the meeting and congress 
(n=19), animal studies (n=61), cell line studies (n=23), 
and studies that do not have enough information (n=32). 
As a result, 53 articles met our inclusion criteria. Of 
these 53 selected studies, 27 articles were demonstradted 
from China, 10 papers were reported from Japan, five 
and four experiments were respectively obtained from 
Korea and USA, two actiles from Germany, two papers 
from Taiwan, and the remaining experiments were 
reported from Sweden, Iran, and Egypt. The included 
studies contained twelve types of cancer: colorectal 
cancer (n=19), gastric cancer (n=8), breast cancer (n=6), 
head and neck cancer (n=6), liver cancer (n=4), lung 
cancer (n=3), ovarian cancer ( =2), cholangiocarcinoma 
(n=1), intrahepatic cholangiocarcinoma (n=1), cervical 
carcinoma (n=1), small intestinal adenocarcinoma (n=1), 

and pancreatic ductal carcinoma (n=1). LGR5 expression 
level was investigated by immunohistochemistry (IHC) in 
40 studies, by RNA in situ hybridization (ISH) in seven 
studies, by quantitative polymerase chain reaction (qRT- 
PCR) in five studies, and by western blot in one study. Due 
to different definitions, cut-off values for LGR5 expression 
varied among the studies. Out of the 53 studies that were 
collected, in 48 studies, LGR5 expression was analyzed 
in relation to clinicopathological features. Additionally, 
in 27 of 53 studies, LGR5 expression was evaluated in 
relation to survival rates, including OS (n=24), DFS 
(n=3), and RFS (n=4), in cancer patients.

Study quality
In the selected studies, the NOS score ranged from six 

to eight. Results of the quality assessment of each study 
and further details about the papers are summarized in 
Table 1.

Fig.1: Flowchart for the study selection process.
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Table 1: Characteristic of the included studies
Study Year Country Cancer type Sample 

size
Follow-up 
(month)

Detection 
method

Cut-off 
value

Evaluation of 
LGR5 expression 
(H or L /+ or -)

NOS 
score

Expression 
associated 
with poor 
prognosis

Clinical 
feature

Outcome

Yoshizawa et al. (20) 2022 Japan Cholangiocarcinoma 25 NA IHC NA High/low 6 Low Yes NA

AbdelMageed et 
al. (27) 

2021 Sweden CRC 121 144 qRT-PCR Median Positive/Negative 6 High No DFS

Lee et al. (28) 2021 South 
Korea

TNBC 293 NA IHC NA Positive/Negative 7 Positive Yes NA

Xu et al. (14) 2021 China CRC 98 60 Western 
blot

Median High/low 8 High Yes NA

Kawasaki et al. (29) 2021 Japan ICC 59 NA IHC ≥ 4 High/low 6 High Yes RFS

Abdelrahman et al. 
(30)

2021 Egypt Colon cancer 60 40.8 IHC NA High/low 7 High Yes NA

Ehara et al. (16) 2021 Japan GAS 41 NA RNA-ISH NA High/low 6 High Yes OS

Hagerling et al. (31) 2020 USA Breast cancer ER+ 401 106 IHC NA High/low 6 High Yes OS

Ogasawara et al. (19) 2020 Japan Breast carcinoma 43 NA RNA-ISH NA High/low 6 High Yes OS

Kang et al. (32) 2020 China CRC stage I, II 92 NA IHC ≥ 4 High/low 7 High Yes OS, RFS

Zhang et al. (33) 2020 China ESCC 45 48 IHC Mean Positive/Negative 7 NO relation Yes OS

Nagashima et al. (34) 2020 Japan NSCLC 360 66 IHC NA High/low 7 High Yes OS, RFS

Ihemelandu et al. (35) 2019 USA CRC 49 62.4 IHC NA High/low 8 Low Yes OS

Shen et al. (36) 2019 China Breast carcinoma 112 3 IHC Mean Positive/Negative 7 High Yes NA

Shekarriz et al. (24) 2019 Iran CRC 40 NA IHC Median High/low 7 High Yes NA

Liu et al. (13) 2019 China GC 100 56 IHC NA High/low 7 High No OS

Freiin Grote et al. (37) 2019 Germany Gastric carcinoma 236 29.5 IHC Median High/Low 6 High Yes NA

Ko et al. (38) 2019 Taiwan HCC 352 27 IHC Median High/Low 7 High Yes OS

Ma et al. (39) 2019 China HCC 100 NA IHC Median High/Low 7 High Yes OS

Rot et al. (40) 2019 Germany OSCC 78 44.9 qRT-PCR Median High/Low 7 High Yes OS

Yu et al. (15) 2019 China Epithelial ovarian 
cancer

210 NA IHC NA Positive/Negative 7 High Yes NA

Kuraishi et al. (18) 2019 Japan Pancreatic ductal 78 NA RNA-ISH NA High/low 7 Low Yes NA

Hou et al. (41) 2018 Taiwan Breast cancer 126 NA IHC Median High/Low 6 High Yes NA

Jang et al. (42) 2018 Korea CRC 788 NA RNA-ISH NA Positive/Negative 7 High Yes OS

Kim et al. (43) 2018 Korea CRC 337 NA IHC NA High/Low 7 High Yes OS, DFS

Chen et al. (12) 2018 China HCC 66 NA IHC NA High/Low 7 High Yes OS

Harada et al. (44) 2017 Japan Low rectal cancer 61 69.5 IHC NA Positive/Negative 6 High Yes NA

Lv et al. (45) 2017 China ESCC 280 NA IHC NA Positive/Negative 6 High Yes NA
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Table 1: Continued

Study Year Country Cancer type Sample 
size

Follow-up 
(month)

Detection 
method

Cut-off 
value

Evaluation of 
LGR5 expression 
(H or L /+ or -)

NOS 
score

Expression 
associated 
with poor 
prognosis

Clinical 
feature

Outcome

Liu et al. (46) 2017 China HCC 139 31.15 IHC NA High/Low 8 High Yes NA

Wu et al.  (47) 2017 China OSCC 190 NA IHC NA Positive/Negative 7 High Yes NA

Wu et al. (48) 2016 China CRC 80 60 qRT-PCR Median High/Low 8 High No OS

Jang et al. (49) 2016 Korea Gastric carcinomas 603 NA RNA-ISH NA Positive/Negative 6 NA Yes NA

Sun et al. (50) 2015 China Cervical carcinoma 94 46 qRT-PCR NA High/Low 7 High Yes OS, RFS

Yang et al. (51) 2015 China Breast cancer 134 NA IHC and 
TMA

NA High/Low 7 High Yes NA

Gao et al. (52) 2015 China Lung cancer 85 15.2 IHC Median Positive/Negative 7 High Yes OS

Sun et al. (53) 2015 China Ovarian cancer 100 NA IHC NA High/Low 7 High Yes NA

Wang et al. (54) 2015 China Small intestinal 
adenocarcinomas

38 NA IHC NA Positive/Negative 6 High Yes NA

Gao et al. (55) 2014 China CRC stage IV 42 NA IHC Mean Positive/Negative 6 High Yes NA

Liu et al. (56) 2014 China CRC 366 NA IHC NA Positive/Negative 7 High Yes NA

He et al. (57) 2014 China CRC 53 48 IHC Median High/Low 7 High Yes OS

Chen et al. (58) 2014 China SCCE 44 11.1 IHC SI >4 High/Low 7 High Yes OS

Xi et al. (59) 2014 China GC 318 NA IHC NA High/Low 7 High Yes OS

Hsu et al. (60) 2013 China CRC 218 28.3 IHC NA High/Low 7 High Yes DFS

Jang et al. (61) 2013 Korea GC 159 NA RNA-ISH NA Positive/Negative 6 High Yes NA

Zheng et al. (62) 2013 China Gastric carcinoma 180 NA IHC NA Positive/Negative 6 High Yes NA

Ryuge et al. (63) 2013 Japan Lung 
adenocarcinoma

266 88 IHC NA Positive/Negative 7 High Yes OS

Bu et al. (64) 2013 China GC stage I, II 257 NA IHC NA Positive/Negative 7 High Yes NA

Wu et al. (65) 2012 China Colorectal carcinoma 192 NA IHC NA Positive/Negative 7 High Yes OS

Ziskin et al. (66) 2012 USA Colorectal 
adenocarcinomas

891 NA RNA-ISH NA High/Low 7 High No OS

Takahashi et al. (67) 2011 Japan Colon and rectum 180 35.16 qRT-PCR NA High/Low 6 High Yes NA

Takeda  et al. (68) 2011 Japan CRC 60 NA IHC Median 
5%

High/Low 6 High Yes NA

Becker et al. (69) 2010 USA Barrett’s esophagus 
and esophageal 
adenocarcinoma dote

81 32 IHC SI >5 High/Low 6 High No OS

Fan et al. (70) 2010 China CRC 102 NA IHC NA Positive/Negative 7 Positive Yes NA

NOS; Newcastle-Ottawa scale, NA; Not available, CRC; Colorectal cancer, TNBC; Triple negative breast cancer, ICC; Intrahepatic cholangiocarcinoma, 
GAS; Gastric adenocarcinoma, ESCC; Esophageal squamous cell carcinoma, NSCLC; Non-small cell lung cancer, GC; Gastric cancer, HCC; 
Hepatocellular carcinoma, SCCE; Small cell carcinoma of the esophagus, IHC; Immunohistochemistry, qRT-PCR; Real-Time quantitative reverse 
transcription PCR,  ISH; In situ Hybridization, TMA; tissue microarray,  SI; Staining intensity,  DFS; Disease-free survival,  RFS; Relapse-free survival, 
and OS; Overall survival.
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Relationship between the expression of the LGR5 gene 
and verall survival

Among the 24 studies, including 4956 patients, 
correlation between LGR5 expression and OS was 
significant. Therefore, meta-analysis of the total data of 24 
studies using the random effect model revealed a positive 
and significant correlation between the expression of LGR5 
and OS [pooled HR (95% CI): 1.33 (1.02, 1.74, Fig.2A)]. 
There was a high and significant level of heterogeneity 
found among the studies (I2=82.50%, P<0.001). Table 2 
shows results of the subgroup meta-analysis according to 
cancer type, detection method, ethnicity, and model type. 
The association between OS and LGR5 expression was 
significant for colorectal cancer groups [pooled HR (95% 

CI): 1.70 (1.06, 2.72); I2=88.20%, P<0.001)], detection 
method of qRT-PCR [pooled HR (95% CI): 2.68 (1.27, 
5.65); I2=65.20%, P=0.056)], and multiple models 
[pooled HR (95% CI): 1.35 (1.01, 1.81); I2=84.10%, 
P<0.001). The funnel plots showed symmetry (Fig.2B). 
Upon analysis, no evidence of publication bias was 
detected among the studies. (P for Egger’s test=0.963). 
Meta-regression was used to determine how the effect 
sizes (HRs) were affected by the sample size and year 
of publication. The year of publication was a significant 
factor (beta=-0.11, SE=0.05, P=0.048) that may  have 
contribution to heterogeneity between the studies. 
However, sensitivity analysis revealed that the exclusion 
of individual studies did not affect the overall effect size 
(HR). 

Table 2: Subgroup analysis of the correlation between LGR5 expression and OS

Cancer type Number of studies Pooled HR (95% CI) P value Heterogeneity

I2 P value

Overall 24 1.33 (1.02, 1.74) 0.038 82.50% <0.001

Cancer type

   Colorectal 8 1.70 (1.06, 2.72) 0.029 88.20% <0.001

   Gastric 3 1.17 (0.34, 4.04) 0.805 90.90% <0.001

   Breast 2 0.77 (0.53, 1.13) 0.189 0.00% 0.742

   Head and neck 4 1.43 (0.69, 2.99) 0.337 56.50% 0.075

   Lung 3 1.34 (0.71, 2.53) 0.368 63.60% 0.064

   Liver 3 0.78 (0.19, 3.10) 0.719 93.00% <0.001

   Other 1 2.13 (0.81, 5.56)

Detection method

   IHC 17 1.23 (0.85, 1.77) 0.273 82.10% <0.001

   qRT-PCR 3 2.68 (1.27, 5.65) 0.01 65.20% 0.056

   RNA-ISH 4 1.03 (0.69, 1.54) 0.883 75.40% 0.007

   Ethnicity

   Asian 19 1.29 (0.90, 1.83) 0.167 84.40% <0.001

   Non-Asian 5 1.35 (0.88, 2.08) 0.173 70.00% 0.01

Model type

   Multiple 21 1.35 (1.01, 1.81) 0.045 84.10% <0.001

   Univariate 3 1.15 (0.60, 2.20) 0.679 57.60% 0.094

HR; Hazard ratio, OS; Overall survival, CI; Confidence interval, IHC; Immunohistochemistry, qRT-PCR; Real-Time quantitative reverse transcription PCR, 
and ISH; In situ hybridization.
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Fig.2: Relationship between the expression of the LGR5 gene and OS. A. Forest plot and B. Funnel plots.

Relationship between the expression of LGR5 gene 
and disease-free survival

Three studies, involving several colorectal cancer 
models, which included a total of 676 patients, reported 
a correlation between LGR5 expression and DFS. Using 
the random effects model, meta-analysis of data from 
three studies did not reveal any significant correlation 
between LGR5 expression level and DFS [pooled HR; 
(95% CI): 1.45 (0.54, 3.94); (I2=88.5%, P<0.001, 
Fig.3A)]. None of the studies exhibited publication 
bias (P for Egger’s test=0.105). Meta-regression 
analysis indicated that sample size and publication 
year were not the primary sources of heterogeneity 
(P>0.05). The sensitivity analysis revealed that upon 
excluding non-Asian studies that used qRT-PCR, the 
pooled hazard ratio for Asian studies detected by IHC 
was not statistically significant (pooled HR=1.12 (95% 
CI: 0.31, 4.01); I2=89.9%, P=0.002).

Relationship between the expression of the LGR5 gene 
and relapse-free survival

Four studies, all from Asia including 573 patients, 
reported a correlation between LGR5 expression and 
RFS. Therefore, a meta-analysis of the total data of four 
studies using the random effect model did not find any 
significant correlation between high or positive LGR5 
expression and RFS [pooled HR; (95% CI): 2.20 (0.91, 
5.33); (I2=70.6%, P<0.017, Fig.3B)]. None of the studies 
showed any evidence of publication bias (P for Egger’s 
test=0.963). Meta-regression analysis found that neither 
the publication year nor sample size were a significant 
source of heterogeneity (P>0.05). Sensitivity analysis 
indicated that excluding the study by Nagashima et al. 
(34)  did not alter the results with the univariate model, 
while the pooled HR for multiple models was significant 

[pooled HR=3.62 (95% CI: 1.86, 7.06); I2=1.1%, 
P=0.364]. However, by excluding the study with the 
detection method of qRT-PCR (Sun et al. 50), the pooled 
HR on studies with the detection method of IHC was 
not significant [pooled HR=1.79 (95% CI: 0.60, 5.36); 
I2=68.1%, P=0.043].

Correlation between LGR5 expression and 
clinicopathological features 

A total of 48 studies, including 8250 patients, investigated 
relationship between LGR5 expression level and clinical 
pathological features. Table 3 shows correlation between 
LGR5 expression and clinicopathological characteristics 
in cancer patients. Results of the studies revealed that there 
was no correlation between the expression level of LGR5 
with gender [pooled OR (95% CI): 1.10 (0.97, 1.25), 
Fig.S1, See Supplementary Online Information at www.
celljournal.org], age [pooled OR (95% CI): 1.26 (0.98, 
1.62), Fig.S2A, See Supplementary Online Information 
at www.celljournal.org], tumor grade [pooled OR (95% 
CI): 1.42 (0.40, 5.03); Fig.S2B, See Supplementary 
Online Information at www.celljournal.org] and tumor 
size [pooled OR (95% CI): 1.05 (0.74, 1.48), Fig.S3, See 
Supplementary Online Information at www.celljournal.
org]. According to results of the study, high expression of 
LGR5 is significantly correlated with the advanced stage 
of tumor [pooled OR (95% CI): 1.91 (1.31, 2.79), Fig.
S4A, See Supplementary Online Information at www.
celljournal.org], distant metastasis [pooled OR (95% CI): 
1.80 (1.15, 2.83), Fig.S4B, See Supplementary Online 
Information at www.celljournal.org] and presence of 
lymph node metastasis [pooled OR (95% CI): 1.37 (1.02, 
1.85), Fig.S5, See Supplementary Online Information 
at www.celljournal.org]. The study did not identify any 
publication bias (P for Egger’s test >0.05).

A B
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Fig.3: Forrest plot of HR. A. Forest plot for relationship between the expression of LGR5 gene and DFS. B. Forest plot for relationship between the 
expression of LGR5 gene and RFS. HR; Hazard ratio, ES; Effect Size, and CI; Confidence interval. 

Table 3: Meta-analysis of LGR5 expression and clinicopathological characteristics

Characteristics Number of 
studies

Number of 
patients 

Pooled OR 
(95%CI)

P value Heterogeneity Publication bias 
(Egger’s test)

I2 (%) P value P value

Gender (male vs. female) 37 6340 1.10 (0.97, 1.25) 0.134 5.40 0.377 0.768

Age (old vs. young) 11 2472 1.26 (0.98, 1.62) 0.076 46.4 0.045 0.551

Tumor grade (high vs. low) 7 586 1.42 (0.40, 5.03) 0.584 84.70 <0.001 0.506

Tumor size (large vs. small) 21 2888 1.05 (0.74, 1.48) 0.786 67.3 <0.001 0.393

Tumor stage (high vs. low) 32 5929 1.91 (1.31, 2.79) 0.001 87.3 <0.001 0.936

Distant metastasis (present vs. absent) 15 2241 1.80 (1.15, 2.83) 0.011 57.4 0.003 0.089

Lymph node metastasis (present vs. 
absent)

32 5951 1.37 (1.02, 1.85) 0.036 78.6 <0.001 0.671

OR; Odds ratio and CI; Confidence interval.

Discussion
As an enhancer of the Wnt signaling pathway, LGR5 has 

a crucial functional role in both normal development and 
cancer (71). LGR5 has been identified as a marker of CSCs 
in colorectal, ovarian, esophageal, hepatocellular, and 
gastric cancers (72, 73). There has been extensive research 
on the role of LGR5 in development of tumors, and its 
correlation with patient survival has been investigated 
in numerous studies. LGR5 is overexpressed in gastric 
cancer, brain cancer, ovarian cancer, and esophageal 
cancer (74). Several studies have explored the connection 
between LGR5 expression and cancer patient outcomes. 
Although high LGR5 expression is generally associated 
with poor prognosis, conflicting findings in some cancers 
suggested the need for further research. These findings 
suggested that increased expression of LGR5 is a negative 
prognostic factor in multiple types of human cancers 

(30, 33). On the contrary, some other reports suggested 
no significant correlation between LGR5 expression and 
tumor outcomes (23, 75). 

LGR5 is now regarded as a recognized marker for 
breast, and pancreatic CSCs (51, 76). Based on the 
gradually accumulating scientific evidences on various 
organs, limited population of stem cells started to 
demonstrate overexpression of LGR5, which may gain 
other prerequisites and complete their developmental 
steps to become CSCs (51). It has been shown that in 
squamous cell carcinoma of the skin, LGR5 interacted 
with R-spondin in canonical Wnt receptors and 
modulated Wnt/β-catenin. Additionally, LGR5-Wnt 
receptor complex internalization caused a delay in 
endosomal degradation processes (76). In breast cancer, 
activation of Wnt/β-catenin signaling pathways by LGR5 
promoted growth and invasion in stem-like cells and it 
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was necessary for maintaining CSCs (77). In contrast, 
LGR5 expression did not substantially correlate with 
tumor characteristics in patients with triple-negative 
breast cancer (78). Moreover, the results of Kim et al. 
(79) showed that expression of LGR5 in ovarian cancer  
patients during disease progression to invasive cancer 
was significantly associated with improved  outcomes. 

Previous studies on gastric cancers have yielded 
inconsistent results. LGR5-positive patients showed 
considerably shorter survival periods than LGR5-negative 
patients (59). LGR5 mRNA expression is not regarded 
as a prognostic predictor in GC, despite the increased 
LGR5 expression in tumors following neoadjuvant 
chemotherapy. These findings demonstrated that LGR5 
expression was not a reliable prognostic indicator for 
GC. However, it was a negative prognostic marker when 
restricted to GC with nuclear catenin expression (80). 

For many tumors, chemotherapy is the initial line 
of treatment that kills cancer cells. Recent research 
demonstrated a correlation between chemotherapy 
resistance and LGR5 expression. LGR5 has been linked 
to outcome and therapy resistance in GC. It is well 
documented that experimental overexpression of LGR5 
in spheroids developed from the GC cell line, caused 
proliferation, enhanced migration as well as development 
of resistance towards chemotherapy drugs (81). High 
LGR5 expression in GC patients was a marker of bad 
prognosis and demonstration of resistance to the platinum 
drugs and 5-FU (16). Clark-Corrigall et al. (82) reported 
correlation between LGR5 expression and neuroblastoma 
(NB) resistance to chemotherapy. Ma et al. (39) reported 
that LGR5 acted as a tumor initiator to increase cell 
migration and induced epithelial mesenchymal transitions 
(EMT) in HCC cells, thereby increasing resistance 
to doxorubicin.These results showed that LGR5 was 
involved in tumorigenesis.

LGR5 expression was increased with glioma 
progression and it was connected to negative outcomes 
(83). Canonical Wnt target genes were overexpressed 
in the NB tumor taken from patients with advanced 
disease. High level of Wnt target genes in these tumors 
accompanied by LGR5 overexpression was interpreted as 
Wnt dysregulation in NB (84). Vicari et al. (85) studied 
LGR5 activity in NB and concluded that LGR5 acted as 
a main hub for Wnt and MEK/ERK signalling regulation 
in NB. In papillary thyroid carcinoma, there has been a 
correlation between tumor aggressiveness indicators and 
LGR5 overexpression (86). 

Substantial evidence highlighted important role of LGR5 
in the pathogenesis of CRC (27, 30). LGR5 expression 
is closely associated with tumorigenesis, chemotherapy 
resistance, and CRC recurrence. However, conflicting 
results were reported by Jang et al. (42), who found that 
LGR5 overexpression reduced proliferation, migration, 
and colony formation in the late stages of CRC progression. 
A recent study demonstrated that loss of LGR5 expression 
was associated with enhanced resistance to therapy (87). 

Therefore, conclusions regarding LGR5 expression and 
its clinical outcomes are debated and controversial. To 
address this issue, we performed a comprehensive meta-
analysis of eligible studies to assess prognostic value and 
clinicopathological characteristics of LGR5 expression in 
the various cancers. 

Our findings revealed a positive association between 
LGR5 expression and OS, with LGR5 overexpression 
commonly indicating poor prognosis in cancers. The 
sub-group analysis result based on cancer type found a 
significant correlation between expression of LGR5 and OS 
in the groups of patients with colorectal cancer, including 
2482 patients, which is consistent with the previous study 
(88). However, this relationship was not observed in 
another cancer type that was included in the study. This 
result may show different clinical characteristics and 
biological behaviors of the LGR5 in different types of 
cancer. Relationships between high LGR5 expression and 
poor OS were significant in the studies that employed the 
qRT-PCR method but not IHC, according to the results of 
a subgroup analysis by this method. These results showed 
that use of different methods to measure expression of 
LGR5 was effective in the final result (23). However, 
our result found no significant relationship between 
LGR5 expression with  DFS and RFS. It could be due 
to the small number of samples. Similar to this result, 
Ihemelandu et al. (35) observed a negative association 
between LGR5 expression and patient survival outcomes, 
and the small sample size was cited as a limitation of the 
study. Expression of LGR5 was influenced by various 
factors in different cancers. LGR5 was also present in 
normal stem cells which governs tissue homeostasis. 
Potentially these LGR5-positive cells are amenable to 
oncogenic transformation (89). The positive results of 
LGR5 expression in cancer are related to its basal level in 
different organs. LGR5 is very low in breast and stomach 
tissue and it may not be expressed at all. But, healthy 
tissue of the colorectum is more expressive. Probably, 
lack of LGR5 in homeostatic state of the cells can lead to 
its low positivity in some cancers (28). LGR5 expression 
may vary in different tumor stages. In Kim et al.’s (90) 
study, GC was divided into three categories based on the 
expression pattern of several stem cell markers: basic, 
focal and scattered patterns. The findings demonstrated 
that LGR5 expression was elevated during the baseline 
state and sustained during the initial phases of GCs. 
Furthermore, presence of different molecular subgroups 
in the tumor can affect expression of LGR5. In the study 
of Hagerling et al. (31), it was shown that prognostic 
value of LGR5 in patients with ER  positive BC patients 
was different compared to ER negative BC patients, and 
LGR5 in BCER negative type has the prognostic value.

Correlation between increased expression of LGR5 
and clinical implications was investigated in several 
different cancers. In epithelial ovarian cancer, there was a 
correlation of the positive rate of tumor stage and lymph 
node metastasis with an elevated expression of LGR5 (15). 
A study by Rot et al. (40) on oral squamous cell carcinoma 
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showed that LGR5 expression was associated with lymph 
node metastasis. Abdelrahman et al. (30) showed that 
there was a relationship of the increased expression of 
LGR5 and lymph node metastasis with advanced stage of 
the tumor in colon cancer. In another study, Liu et al. (13) 
showed no correlation between LGR5 expression and age, 
gender, tumor stage, and lymph node metastasis in gastric 
cancer. Our findings indicated that LGR5 expression was 
linked to pathological variables including tumor stage, 
distant metastasis and lymph node metastasis, which 
was consistent with the previous studies and emphasized 
its potential as a prognostic factor. Our study found no 
significant association between LGR5 expression and 
patient age, sex, tumor size, or grade, contradicting the 
previous research (37). 

This meta-analysis was the first to assess predictive 
importance of LGR5 expression in different cancer types. 
The present study found no evidence of publication bias. 
However, the study does have limitations. Firstly, it 
should be noted that all studies included were in English, 
potentially introducing selection bias. Secondly, the 
included studies were those which used different cut-
off values and detection methods for measuring LGR5 
expression. Thirdly, the limited number of studies 
evaluating RFS and DFS may have led to further bias. 
Fourthly, our finding might be most relevant to Asian 
patients, as the majority of the included studies were 
conducted in Asia. Fifthly, to ensure the credibility of our 
findings, we only considered publications providing HR 
with 95% CI directly and did not estimate HR through 
Kaplan-Meier curves. 

Conclusion
Our study demonstrated a strong correlation between 

high LGR5 expression and poor OS, distant metastasis, 
tumor stage, and lymph node metastasis in cancer 
patients. These findings suggested that LGR5, a marker 
for CSCs, could serve as a valuable prognostic indicator 
and a promising therapeutic target for cancer treatment. 
However, to verify these findings, well-designed studies 
with larger populations and more diverse ethnic groups 
are necessary.
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