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Introduction

Gastrointestinal cancers, such as esophageal, gastric, 
colorectal cancers, are highly fatal cancers and have 
become the leading cause of death worldwide. According 
to the American Cancer Society, new cases of digestive 

system tumors will represent 18.4% of all sites tumors  
(3.2 million/17.4 million), and deaths of digestive system 
tumors will represent 26.4% of all sites tumors (0.6 million/ 
2.7 million) in USA, 2018 (1). Immunotherapy and immune 
checkpoint inhibitors have brought revolutionary changes 
to the field of oncology, especially malignant melanoma, 
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lung cancer in recent years. However, gastrointestinal 
cancer patients do not respond to this innovative therapy. 
Siska et al. (2) suggested a metabolic-tumor-stroma score 
(MeTS) to determine the likelihood of a successful anti-
tumor immune response, and suggested in MeTS3-MeTS4 
tumors with increasing levels of lactate and acidification, 
targeting glycolysis and/or stromal cells might be essential 
to allow an effective immune response, which is of special 
importance in the context of cancer immunotherapy.

The tumor microenvironment (TME) is equivalent 
to “alimentary soil” for tumor cells. Cancer-associated 
fibroblasts (CAFs), one of the most common stromal cells 
in the TME, is considered to be a class of continuously 
activated, highly contractive fibroblasts with needle-like 
morphology, which mainly express α-SMA, vimentin and 
fibroblast activation protein-α (FAPα) (3,4). CAFs play an 
important role in tumor metabolism, growth, metastasis, 
immune escape, chemotherapy resistance, immunotherapy 
resistance, etc. (5-7). Firstly, CAFs can promote tumor 
cells’ proliferation by providing nutrients to surrounding 
tumor tissues. CAFs can produce a large amount of lactic 
acid, ketone body and amino acid through glycolysis. 
Tumor cells can ingest lactic acid, amino acid and ketone 
body, and utilize these energy-rich nutrients for oxidative 
metabolism, and then produce adenosine triphosphate 
(8,9). Secondly, CAFs can directly or indirectly regulate 
tumor immunity by secreting cytokines. CAFs can secrete 
transforming growth factor-β, tumor necrosis factor, CC 
chemokine ligand, IL-4, IL-6, IL-10, prostaglandin E2, 
human leukocyte antigen, nitric oxide, et al, and can recruit a 
large number of inhibitory immune cells to tumor tissues (10),  
and form inhibitory immune microenvironment, which 
directly or indirectly regulates tumor immune. Thirdly, 
chemokines, cytokines and angiogenic factors secreted by 
CAFs can promote epithelial mesenchymal transformation, 
stem cell transformation of tumor cells, and promote 
angiogenesis. Chemokines can promote stem cell formation 
of tumor cells (11,12), induce drug resistance (13), and 
promote angiogenesis (14) by upregulating the expression of 
epithelial mesenchymal transformation related genes such 
as ZEB-1, CXCR4 and Snail, etc. (15). Fourthly, CAFs can 
secrete chemokines to promote tumor cells metastasis. 
Specially, PDGF-activated CAFs in colorectal cancer 
can promote distant metastases through stanniocalcin 1 
secretion, etc. (16). In addition to releasing chemokines, 
CAFs-mediated TME remodeling can also promote 
tumor invasion and metastasis. Finally, CAFs can induce 
drug resistance of tumor cells. CAFs can inhibit tumor 

cells from ingesting antitumor drugs by improving the 
interstitial fluid pressure of tumor tissue (17), and can also 
interact with tumor extracellular matrix, thus giving rise to 
epithelial mesenchymal transformation of tumor cells, and 
ultimately resulting in chemotherapy resistance of tumor 
cells (18). CAFs can produce a large amount of lactic acid 
by converting to glycolysis, regulate the activity of proton 
pump on tumor cell membrane, increase the acidity of 
TME, and alkalize the cytoplasm of tumor cells, and thus 
lead to chemotherapy and immunotherapy resistance of 
tumor cells (19). Therefore, CAFs can promote tumor 
proliferation, epithelial mesenchymal transformation, 
immune-suppression, chemotherapy and immunotherapy 
resistance.

Is high proportion of CAFs in tumor stroma an efficient 
biomarker to differentiate gastrointestinal cancer patients 
who are at high or low risk of poor prognosis? Several 
literatus have investigated the prognostic significance of 
CAFs in gastrointestinal cancer patients. However, the 
prognostic significance of CAFs in gastrointestinal cancer 
patients remains controversial due to limited number 
of studies, enrolled patients and inconsistent results. 
Therefore, this study intends to further evaluate the 
prognostic significance of CAFs in gastrointestinal cancer 
patients, and to explore the relationship between CAFs and 
the clinicopathological characteristics of gastrointestinal 
cancer patients.

We present the following article in accordance with the 
PRISMA reporting checklist (available at http://dx.doi.
org/10.21037/tcr-20-2365).

Methods

This meta-analysis adhered to the standard guidelines for 
meta-analyses and systematic reviews. This study was based 
on data from previously published studies, and therefore 
ethical approval was not necessary.

Literature search

Two researchers  (Chenyu Wang and Jun j ie  Gu) 
independently performed a comprehensive systematic search 
in PubMed, Embase, Web of Sciences, and the Cochrane 
Central Register of Controlled Trials (CENTRAL) 
databases. The search strategy was accordance to the 
guidance of the Cochrane handbook. The key words include 
“gastrointestinal cancer” OR “gastrointestinal cancers” 
OR “gastrointestinal carcinoma” OR “gastric cancer” OR 

http://dx.doi.org/10.21037/tcr-20-2365
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“gastric cancers” OR “gastric carcinoma” OR “esophageal 
cancer” OR “esophageal cancers” OR “esophageal 
carcinoma” OR “colorectal cancer” OR “colorectal cancers” 
OR “colorectal carcinoma” OR “colon cancer” OR “colon 
cancers” OR “colon carcinoma” OR “rectal cancer” OR 
“rectal cancers” OR “rectal carcinoma”, “cancer-associated 
fibroblast” OR “carcinoma-associated fibroblast” OR “CAF” 
OR “peritumoral fibroblast” OR “activated fibroblast” OR 
“myofibroblast” OR “myofibroblasts”. Recent conferences 
including American Society of Clinical Oncology (ASCO), 
European Society for Medical Oncology (ESMO) were also 
screened.

Inclusion and exclusion criteria

Inclusion criteria in this analysis were set out as follows: (I) 
all patients were histologically diagnosed as gastrointestinal 
cancer, including esophageal cancer, gastric cancer, and 
colorectal cancer; (II) the detection of CAFs was determined 
in human tissues using immunohistochemistry, including 
fibroblasts-associated protein (FAP), α-smooth muscle actin 
(α-SMA) and direct CAFs signature or infiltration score; 
(III) patients were divided into high and low proportion 
groups; the relationship between CAFs detection and 
survival outcome was investigated; (IV) studies provided 
sufficient information to estimate hazard ratio (HR) about 
overall survival (OS) and their 95% confidence intervals 
(CIs). Studies that failed to meet the inclusion criteria were 
excluded. 

Data extraction

The relevant data were extracted independently by two 
reviewers (Junjie Gu and Chenyu Wang) and reached a 
consensus on all items. The following information was 
extracted from each enrolled trial: general information 
(name of the first author, year of publication, date of 
extraction, title of study and author’s publication details), 
number of patients, clinicopathological parameters of 
patients, cutoff value, evaluation of CAF detection, OS, 
HRs and 95% CIs for OS. If the HRs were not directly 
reported, we contacted the authors of the primary studies 
for additional data. If authors did not respond, we extracted 
data from survival curves. 

Quality assessment

A quality assessment was independently conducted for 

all of the enrolled studies by two investigators (Junjie 
Gu and Chenyu Wang) using the Newcastle-Ottawa 
Quality Assessment Scale (NOS), and any disagreement 
was resolved by discussion and consensus. The maximum 
possible score is nine points, and NOS scores greater than 
six are considered high-quality studies.

Statistical analyses 

HRs and their associated 95% CIs were pooled to analyze 
the prognostic value of CAFs detection in gastrointestinal 
cancer patients. If HRs and corresponding 95% CIs were not 
available, we calculated these data from available numerical 
data using the methods reported by Parmar et al. (20).  
Statistical heterogeneity was evaluated using the chi-squared 
test and I2. Statistically significant heterogeneity was defined 
as a P value of <0.1 or an I2 statistic >50%. If heterogeneity 
was observed, a random-effects model was used to reduce 
the impact of heterogeneity on the results. Otherwise, 
the fixed-effects model was chosen. Publication bias was 
assessed by Egger’s and Begg’s tests. All statistical analyses 
were performed using STATA version 14.0 (StataCorp LP, 
College Station, TX, USA). A P value <0.05 was considered 
to indicate statistical significance.

Results

Study selection

According to our search strategy, 768 studies were 
identified. Through reading the study titles and abstracts, 
224 records were removed because of duplicate studies, 
and 490 records were removed because of non-relevance 
with the theme. After reviewing the full texts of the 54 
potentially eligible records in detail, the following studies 
were excluded: studies belonging to reviews, letters, 
personal opinions or conference abstracts without full-
text and sufficient information about the relationship 
between CAFs and survival (n=12), studies investigating the 
prognostic value of other biomarkers (not FAP, a-SMA or 
direct CAFs signature or infiltration score) (n=14), studies 
using risk ratio (RR) to analyze the prognostic value of 
CAFs in gastrointestinal cancer patients (n=4), studies using 
odds ratio (OR) to analyze the prognostic value of CAFs in 
gastrointestinal cancer patients (n=1), and studies providing 
insufficient information to estimate HRs about OS and 
their 95% CIs (n=3). Eventually, 21 studies (21-41) were 
enrolled in this meta-analysis. A flowchart depicting the 
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study selection is shown in Figure 1.

Study characteristics

The characteristics of the enrolled studies are shown in 
Table 1. In total, twenty studies including 6,537 patients 
were enrolled in the pooled analysis. The included studies 
were published between 2010 and 2020 in English. OS was 
recorded in 18 studies. Study quality, as assessed by the 
NOS, ranged from seven to eight. Hence, the studies were 
relatively high quality.

Correlation between CAFs and clinicopathological 
characteristics

In this present study, we investigated the association 
between CAFs and clinicopathological characteristics. In 
the enrolled 21 studies, 9 studies reported the relationship 
between presence of CAFs and clinicopathological features 
of tumors, including age, gender, tumor localization, TNM 
stage, tumor grade, and tumor type. Among them, 4 studies 
were about colorectal cancer, 3 studies about esophageal 
cancer, and 2 studies about gastric cancer. After analyzing 
the results of these 9 studies, we found it was unnecessary 
to perform meta-analysis to analyze the correlation between 
CAFs and patients’ age, gender, tumor localization, TNM 
stage, tumor grade and tumor type, because there was no 

significant difference in each study (all P value >0.05). 
Therefore, we can safely draw the conclusion that there was 
no significant association between CAFs and gastrointestinal 
cancer patients’ clinicopathological characteristics.

CAFs as a prognostic factor for gastrointestinal cancer

Among the 21 included articles, 18 studies involving 3,763 
patients reported the relationship between CAFs and OS 
in gastrointestinal cancer patients. The pooled HR for 
OS showed that high proportion of CAFs was associated 
with poor OS (HR 1.64, 95% CI, 1.43 to 1.87, P<0.001) in 
gastrointestinal cancer with a 64% increase in the risk of 
mortality (Figure 2). Seven articles involving 3,137 patients 
reported the relationship between CAFs and disease-free 
survival (DFS) in gastrointestinal cancer patients. The 
pooled HR for DFS showed that high proportion of CAFs 
was associated with poor DFS (HR 2.56, 95% CI, 1.55 
to 4.22, P<0.001) in gastrointestinal cancer with a 156% 
increase in the risk of recurrence (Figure 3). In the subgroup 
analysis, the pooled HR for OS in 8 articles involving 1,846 
colorectal cancer patients showed that high proportion of 
CAFs was associated with poor OS (HR 1.82, 95% CI, 1.43 
to 2.32, P<0.001) (Figure S1); 6 articles involving 1,429 
gastric cancer patients showed high proportion of CAFs was 
associated with poor OS (HR 1.45, 95% CI, 1.21 to 1.73, 
P<0.001) (Figure S2); 4 articles involving 488 esophageal 

Figure 1 PRISMA flow chart of study selection.
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Figure 2 Forest plot describing the association between CAFs and OS in gastrointestinal cancer patients. CAFs, cancer-associated 
fibroblasts; OS, overall survival.

Figure 3 Forest plot describing the association between CAFs and DFS in gastrointestinal cancer patients. CAFs, cancer-associated 
fibroblasts; DFS, disease-free survival.
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cancer patients showed high proportion of CAFs was 
associated with poor OS (HR 2.03, 95% CI, 1.46 to 2.83, 
P<0.001) (Figure S3).

Heterogeneity analysis and publication bias

Heterogeneity observed in the analysis of correlation 
between CAFs and DFS (I2=52.4%, P=0.04). Thus, a 
random-effects model was employed for this analysis. 
The other analysis was carried out using a fixed-effects 
model. And both Egger’s and Begg’s test were applied to 
evaluate the publication bias in this meta-analysis. There 
was no evidence of publication bias shown in these studies 
regarding the HR and OS (Egger’s test P=0.103, Begg’s test, 
P=0.880).

Discussion

Gastrointestinal tumor is a common malignant tumor with 
high mortality worldwide. TNM staging (UICC/AJCC) 
is widely used to predict gastrointestinal cancer patients’ 
prognosis at present. However, TNM staging cannot 
fully predict gastrointestinal cancer patients’ prognosis 
due to tumor heterogeneity. Therefore, seeking new 
molecular predictive biomarkers is an important mission in 
gastrointestinal cancer field, and the relationship between 
TME and gastrointestinal cancer might provide new 
research strategies for this field.

Previous studies have demonstrated that high density 
of CAFs indicates poor prognosis in patients with oral 
squamous cell carcinoma (OSCC) (42) and breast cancer 
(BC) (43). This study intended to resolve the question 
that whether high proportion of CAFs serves as a 
prognostic predictor in gastrointestinal cancer patients 
or not. This study suggests “Yes, it does”. In this study, 
we conducted a meta-analysis of 18 previously published 
high-quality studies on the correlation between CAFs 
and OS of gastrointestinal cancer patients, and found that 
high proportion of CAFs was associated with poor OS in 
gastrointestinal cancer patients (HR 1.64, 95% CI, 1.43 to 
1.87, P<0.001) with a 64% increase in the risk for mortality. 
A meta-analysis of 7 studies in the subgroup study showed 
that high proportion of CAFs was associated with poor 
DFS in gastrointestinal cancer patients (HR 2.56, 95% CI, 
1.55 to 4.22, P<0.001) with a 156% increase in the risk of 
recurrence. Through the study screening, quality evaluation 
and final meta-analysis, we strictly followed the standard 
guideline of Cochrane handbook, and all the data were 

authentic and reliable. It was thought that the heterogeneity 
of colorectal cancer and stomach cancer might affect the 
result, however, we ultimately chose gastrointestinal cancer 
patients as the research object in this meta-analysis due to 
the following reasons. They all belong to digestive tract 
tumors and their biology behaviors have much in common 
on one hand; on the other hand, the number of studies 
published on colorectal cancer or gastric cancer is rather 
limited, and the subgroup analyses based on different tumor 
types show consistent results. In this meta-analysis, we 
found no obvious heterogeneity between these 21 studies, 
therefore, mixed effect model was used. This was the first 
meta-analysis investigating the prognostic significance of 
CAFs in gastrointestinal cancer patients, and it clearly and 
objectively explicated that high proportion of CAFs was 
associated with poor prognosis in gastrointestinal cancer 
patients. However, it also had certain limitations: this 
study enrolled 21 studies with 6,537 gastrointestinal cancer 
patients, although the results were positive with statistically 
significant differences, the number of enrolled literatures 
was less still for meta-analysis.

What is the specific mechanism that high proportion of 
CAFs was associated with poor prognosis in gastrointestinal 
cancer patients? The specific mechanism could not be 
illuminated at present. Tumor’s behavior was not entirely 
determined by tumor cells themselves. According to the 
“seed and soil” hypothesis, the tumor stroma (soil) was 
crucial to the development and progression of tumor cells 
(seeds). CAFs was an important component of TME, 
which were equal to activated fibroblasts in tumor stroma. 
As was depicted in the introduction part, many literatures 
had reported that CAFs could provide nutrients necessary 
for tumor cells’ growth, directly or indirectly regulate 
tumor immunity, promote tumor tissue’s endothelial cells’ 
proliferation, epithelial mesenchymal transformation, 
and angiogenesis, promote tumor growth, invasion, 
chemotherapy resistance and immunotherapy resistance 
(4-6,12,13), and thus resulting in tumor patients’ poor 
prognosis. Professor Song team recently reported that 
CD10+GPR77+ CAFs could maintain tumor cells’ stemness 
through the continuous activation of NF-κB signaling 
pathway, thereby promoting tumorigenesis and tumor 
cells’ chemotherapy resistance in BC and gastric cancer 
patients (44). Fang et al. first reported that highly metastatic 
hepatocellular carcinoma cells could secrete exosomes 
containing mir-1247-3p, leading to the continuous 
activation of the β1-integrin-NF-κB signaling pathway 
in CAFs and further promoting tumor progression (45). 

https://cdn.amegroups.cn/static/public/TCR-20-2365-supplementary.pdf
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However, there are few reports on the specific mechanism 
of CAFs regulating tumor progression in gastric cancer and 
colorectal cancer. Previous studies have reported that CAFs 
could promote the migration and invasion of gastric cancer 
cells by up-regulating the expression of β1-integrin (46) 
or matrix metalloproteinase-2 (MMP) (47). CAFs could 
promote the expression of lysyl oxidase and collagen type 
I through the high expression of transcriptional protein 1 
(Tgfb1i1) induced by the transforming factor β1, thereby 
forming a microenvironment that could promote tumor 
growth (48). Gonçalves-Ribeiro et al. (49) found that CAFs 
could induce tumor cells remaining in the G0/G1 phase 
through the activation of PI3KCA/AKT/mTOR/Survivin 
signaling pathway and JAK/STAT signaling pathway, 
which could ensure DNA repair and accurate entrance 
and exit from mitosis, thus reducing the lethal effect of 
chemotherapy on tumor cells and leading to chemotherapy 
resistance. However, these studies mainly focused on a small 
part of the regulatory effect of CAFs, and could not yet 
propose a comprehensive explanation of the main regulatory 
mechanism that CAFs could promote poor prognosis of 
gastrointestinal cancer patients, nor could it provide an 
appropriate therapeutic target for clinical treatment, so 
more in-depth and complete studies are needed to fill this 
gap.

In conclusion, this study is the first to analyze 
the relationship between CAFs and the prognosis of 
gastrointestinal cancer patients, and found that a high 
proportion of CAFs was associated with poor prognosis of 
gastrointestinal cancer patients, which might provide new 
ideas for targeted therapy in gastrointestinal cancer patients. 
Large well-designed researches are necessary to acquire 
high-quality evidence.
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