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Introduction

The tumor microenvironment (TME), consisting of 
non-cancerous cells and the surrounding extracellular 
matrix, plays a critical role in the development and 
spread of cancer. Within this complex environment, the 
tumor-stroma ratio (TSR) has emerged as a key factor 
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in predicting outcomes in various solid tumors [1]. TSR 
refers to the proportion of tumor cells relative to the 
surrounding stromal tissue [2]. Studies have shown that 
a low TSR, indicating a high proportion of stromal tissue, 
is associated with worse clinical outcomes in several 
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cancers, including colorectal, gastric, breast, oral tongue 
squamous cell carcinoma, and epithelial ovarian cancers 
[3-11]. In contrast, a higher TSR with less stromal content 
is generally linked to a better prognosis. The tumor stroma 
includes a mix of fibroblasts, endothelial cells, immune 
cells, and extracellular matrix, which interact with cancer 
cells and influence tumor growth and the potential for 
metastasis [1].

Hepatocellular carcinoma (HCC), one of the leading 
causes of cancer-related deaths globally, has a range of 
known prognostic factors such as tumor size, vascular 
invasion, and stage. Recently, TSR has been explored 
as an additional predictor of survival in HCC, though 
research results have been mixed, indicating a need for 
further study to clarify its role [12-13].

Gallbladder carcinoma (GBC) is a rare but aggressive 
cancer of the biliary tract. Often diagnosed at an advanced 
stage due to nonspecific symptoms and the absence of 
effective screening methods, GBC has a poor prognosis 
and limited treatment options. TSR, which reflects the 
balance between tumor cells and surrounding stromal 
tissue, has shown potential as a prognostic marker in 
GBC, with higher stromal content correlating with worse 
outcomes [14-15]. However, more research is needed 
to confirm the clinical value of TSR in GBC and to 
understand the mechanisms behind its impact.

This meta-analysis aims to evaluate the prognostic 
significance of TSR in both hepatocellular carcinoma 
and gallbladder carcinoma. By pooling data from existing 
studies, this analysis seeks to clarify the relationship 
between TSR and clinical outcomes in these cancers 
[13-17]. Through this review, we hope to provide 
a clearer understanding of TSR’s influence on prognosis 
in HCC and GBC, which could help improve clinical 
decision-making and guide future research on therapeutic 
strategies targeting the tumor stroma.

Materials and Methods

Protocol Registration
This protocol adheres to the Preferred Reporting 

Items for Systematic Reviews and Meta-Analyses 
(PRISMA) 2015 guidelines [18-19]. The review has 
been registered with PROSPERO (Registration Number: 
CRD42024547011). 

Search Strategy
We searched PubMed, Scopus, and Web of Science 

databases without restrictions on language or publication 
date. The search terms included: “Hepatocellular 
carcinoma” OR “Liver cancer” OR “Gallbladder 
carcinoma” AND “Tumor stroma ratio.” Additionally, 
grey literature was explored via Google Scholar.

Eligibility Criteria
We included cohort studies (prospective and 

retrospective) and case-control studies that investigated 
the prognostic value of TSR in patients diagnosed with 
hepatocellular or gallbladder carcinoma.

• Participants: Patients diagnosed with hepatocellular 

or gallbladder carcinoma.
• Exposure: Patients categorized as having a high TSR 

(defined as TSR ≥50% based on the original study).
• Comparison: Comparisons were made between 

patients with high TSR and low TSR (with a cut-off of 
50%).

• Outcome: The primary outcome of interest was 
overall survival in relation to TSR.

Study Selection
Three researchers (SA, SZ, and MF) independently 

screened and assessed the studies. Each citation was 
evaluated by at least two reviewers. Extracted data 
included the first author, country, publication year, number 
of patients, age, gender, and outcomes. Discrepancies were 
resolved through discussion until consensus was reached. 
The PRISMA flow diagram will be used to detail the article 
selection process.

Risk of Bias Assessment
Two researchers (SA and SZ) independently assessed 

the quality of the included studies using the Newcastle-
Ottawa Scale [20].

Data Synthesis Strategy
A meta-analysis of hazard ratios (HR) will be conducted 

using STATA software (version 17, StataCorp). A 
random-effects model will be employed, and heterogeneity 
will be assessed using the I² statistic, Q test, and prediction 
interval. Subgroup analyses and meta-regression will 
explore sources of heterogeneity. Sensitivity analyses will 
also be performed to assess the robustness of the findings.

For survival data, HRs and 95% confidence intervals 
(95% CI) will be extracted directly from the studies or 
estimated using established methods. Heterogeneity 
will be evaluated using Cochran’s Q test and Higgins 
I² statistic. When significant heterogeneity (p < 0.10) is 
identified, a random-effects model (DerSimonian-Laird 
method) will be applied; otherwise, a fixed-effects model 
(Mantel-Haenszel method) will be used. Meta-regression 
will explore potential sources of heterogeneity, including 
publication year, gender, cancer type, analysis methods, 
and TSR cut-off values. Sensitivity analyses will validate 
the robustness of the findings using the “metaninf” 
STATA command. Publication bias will be examined 
with Begg’s funnel plot and Egger’s linear regression test, 
with a p-value <0.05 considered statistically significant. 
All statistical analyses will be performed using STATA 
software (version 17.0), with two-sided p-values.

Subgroup Analysis
Subgroup analyses will be conducted to assess 

the consistency of results across different patient 
subpopulations and to explore sources of heterogeneity 
[21]. Analyses will be stratified by variables such as 
analysis method and patient characteristics.
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less clear, with low TSR showing a pooled HR of 1.818 
(95% CI = -0.105–3.742; P = 0.245; random effects) and 
moderate heterogeneity (I² = 25.9%) (Table 3, Figure 2). 
The between-study heterogeneity was low (I2: 0.00%), 
making it unnecessary to conduct meta-regression and 
sensitivity analysis.

The Egger (p=0.552) and Begg (p=0.174) tests were 
not significant, indicating the absence of any publication 
bias (Figure 3). There was no heterogeneity in the present 
meta-analysis. 

Results

A relevant search across Pubmed, Scopus and 
Web of Science identified 254 studies, of which 
103 were duplicate records. In screening, 142 were 
excluded due to inapplicable information. Among the 
remaining nine articles, five were excluded for the 
following reasons- non-original article (n=3) and lack of 
supplementary data (n=2), thus leaving four studies for 
inclusion in the meta-analysis. The PRISMA diagram for 
the study selection is presented in Figure 1.

All of the included studies were retrospective cohorts, 
including patients diagnosed with hepatocellular or gall 
bladder cancer from India and China. The sample size for 
the studies varied between 51 and 300. In three of the four 
cohort studies, 50% was set as the cutoff for TSR, while 
in the remaining study, the optimal cutoff was calculated 
by a logrank test [Wang et al] (Table 1).

The outcome of overall survival was reported in all 
the studies. Potential confounding factors, such as age, 
gender, tumor size, stage, grade, cirrhosis, and serum 
AFP, ALT, and AST, were adjusted in the multivariate 
analyses in the original studies. The Newcastle–Ottawa 
Scale score of the included studies was nine, indicating 
good study quality (Table 2).

The combined analysis of all the studies indicated 
that low TSR significantly increased the risk of poorer 
outcomes (pooled HR = 1.963; 95% CI = 0.997–2.929; P 
= 0.480; random effects), with no observed heterogeneity 
(I² = 0.00%). In the subgroup analysis by cancer type, 
the effect was more pronounced in hepatocellular 
carcinoma, where low TSR was associated with worse 
outcomes (pooled HR = 2.566; 95% CI = 1.028–4.104; 
P = 0.697; random effects), with no heterogeneity 
(I² = 0.00%). In gallbladder cancer, the association was 

Table 1. Main Characteristics of the Eligible Studies

Author and Publication year Country Organ Criteria for High TSR
(%)

Number of Patients Tumor stroma ratio

High Low
Goyal et al (2021) [16] India Gall bladder 50 96 56 40
Li et al (2017) [14] China Gall bladder 50 51 32 19
Lv et al (2015) [17] China Liver 50 300 225 75
Wang et al (2023) [13] China Liver 52.5 95 69 26

Table 2. Results of Quality Assessment Using the Newcastle–Ottawa Scale for Eligible Studies
Representativeness

 of the exposed
Selection of 

the 
non-exposed

Ascertainment 
of exposure

Outcome 
not present 
at baseline

Comparability 
of cohorts

Assessment 
of outcome

Length of 
follow-up

Adequacy 
of follow-up

Total 
score 

Quality

Goyal et al
(2021) 
[16]

1 1 1 1 2 1 1 1 9 High

Li et al 
(2017) 
[14]

1 1 1 1 2 1 1 1 9 High

Lv et al 
(2015) 
[17]

1 1 1 1 2 1 1 1 9 High

Wang et al 
(2023)
 [13]

1 1 1 1 2 1 1 1 9 High

Figure 1. The PRISMA Diagram for the Study Selection
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Discussion

This meta-analysis evaluated the prognostic 
significance of the TSR in hepatocellular carcinoma and 
gallbladder carcinoma, demonstrating that a high TSR 
(indicating a greater proportion of tumor cells relative 
to stromal content) is associated with improved overall 
survival. These findings reinforce TSR as a potential 
independent prognostic marker in solid tumors.

Our results align with the meta-analysis by Wu et 
al, which showed that stromal-rich tumors are linked to 
poorer clinical outcomes across multiple malignancies, 
including colorectal cancer (CRC), breast cancer (BC), 
esophageal carcinoma (EC), and non-small cell lung 
carcinoma (NSCLC). In their study, low TSR was 
significantly associated with worse overall survival 
in CRC (HR = 2.25, 95% CI = 1.40–3.61), NSCLC 
(HR = 1.77, 95% CI = 1.33–2.35), HCC (HR = 2.25, 
95% CI = 1.47–3.43), BC (HR = 1.52, 95% CI = 
1.23–1.88), and EC (HR = 2.56, 95% CI = 1.72–3.79) 
[22]. Our findings similarly indicate that a higher stromal 
proportion (low TSR) correlates with a worse prognosis 
in HCC (HR = 2.566, 95% CI = 1.028–4.104), supporting 
the concept that tumor-stromal interactions significantly 
influence survival. However, the effect in GBC was 
less pronounced (HR = 1.568, 95% CI = 0.327–2.809), 
contrasting with the strong association observed in other 
malignancies.

The meta-analysis by Pyo et al further supports the 
prognostic significance of TSR across various cancers. 
Their results revealed that high TSR was associated 
with improved survival in most cancers, including 
colorectal (HR = 0.588, 95% CI = 0.429–0.804), breast 
(HR = 0.630, 95% CI = 0.443–0.896), esophageal 
(HR = 0.406, 95% CI = 0.294–0.559), and stomach 
(HR = 0.456, 95% CI = 0.324–0.641) cancers. However, 
in endometrial (HR = 2.510, 95% CI = 1.223–5.152) and 
pancreatic cancers (HR = 1.957, 95% CI = 1.443–2.654), 
high TSR was correlated with a significantly 
worse prognosis. Notably, gallbladder carcinoma 
(HR = 0.568, 95% CI = 0.276–1.169) and liver cancer 
(HR = 0.538, 95% CI = 0.262–1.105) showed weaker 
associations, aligning with our findings that the prognostic 
impact of TSR in these cancers is less pronounced [23].

The stronger association in HCC could be attributed 
to the established role of fibrosis and cirrhosis in 
hepatocarcinogenesis. Chronic liver disease, a common 
precursor to HCC, leads to extensive stromal remodeling, 
with activated hepatic stellate cells and myofibroblasts 
contributing to tumor progression. Given this background, 
TSR may be particularly useful in HCC as it reflects the 

balance between tumor expansion and stromal resistance. 
Conversely, the weaker association in GBC may stem 
from the heterogeneity of gallbladder tumors, which 
encompass multiple histological subtypes with varying 
degrees of desmoplasia, immune cell infiltration, and 
extracellular matrix composition. Additionally, since GBC 
is frequently diagnosed at an advanced stage, stromal 
interactions may already be well-established, potentially 
reducing TSR’s prognostic utility [24].

The biological mechanisms underlying this 
phenomenon lie in the composition and function 
of the tumor stroma. Tumor-associated fibroblasts, 
immune cells, endothelial cells, and extracellular matrix 
components interact with cancer cells to promote tumor 
progression, immune evasion, and therapy resistance. 
A dense stromal environment may contribute to 
extracellular matrix deposition and fibrosis, creating a 
physical and biochemical barrier that limits systemic 
therapy effectiveness, facilitates tumor invasion, and 
promotes a pro-inflammatory microenvironment that 
enhances malignancy [25].

These findings underscore the importance of 

Table 3. Pooled Hazard Ratios for Overall Survival Based on Tumor-Stroma Ratio in Gall Bladder and Hepatocellular 
Cancer

Number of Subsets Fixed Effect Random Effect I²,% Chi2

(95% CI) (95% CI)
Overall 4 1.963 (0.997, 2.929) 1.963 (0.997, 2.929) 0 0.48
Hepatocellular 2 2.566  (1.028, 4.104) 2.566  (1.028, 4.104) 0 0.697
Gall bladder 2 1.568 (0.327, 2.809) 1.818 (-0.105, 3.742) 25.9 0.245

Figure 2. Forest Plots of the Overall Outcome for Overall 
Survival (OS)

Figure 3. Begg’s funnel Plot for Publication Bias
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incorporating TSR into routine histopathological 
evaluation. Given its prognostic value, TSR could be 
integrated into existing tumor staging systems to refine 
risk stratification, particularly in HCC. Identifying patients 
with high stromal content who are at greater risk for poor 
outcomes may help tailor treatment approaches, including 
intensified surveillance, adjuvant therapies, and strategies 
targeting stromal components. From a therapeutic 
perspective, these results highlight the potential for 
targeting the tumor stroma in HCC and GBC treatment. 
Stromal-modulating agents, such as antifibrotic drugs, 
immune checkpoint inhibitors, and agents disrupting 
tumor-stroma crosstalk, may improve patient outcomes. 
Future clinical trials should explore whether TSR can 
serve as a biomarker for selecting patients who would 
benefit from stromal-targeting therapies.

Despite these insights, this meta-analysis has several 
limitations. First, all included studies were retrospective, 
introducing selection bias and limiting generalizability. 
Prospective validation in larger, multi-center cohorts is 
necessary to establish TSR as a robust prognostic marker. 
Second, heterogeneity in TSR assessment methods 
across studies presents a challenge. While three of the 
four studies used a 50% cutoff, one applied an optimized 
threshold derived from a log-rank test, potentially affecting 
comparability. Standardized criteria for TSR measurement, 
including automated digital pathology approaches, should 
be established to enhance reproducibility. Additionally, 
although confounding factors such as tumor size, stage, 
and serum biomarkers were adjusted for in multivariate 
analyses, other potential prognostic variables (e.g., 
molecular subtypes, immune infiltration, and treatment 
regimens) were not uniformly accounted for across 
studies. Future research should integrate these factors 
to further refine TSR’s prognostic utility. Lastly, while 
publication bias was not statistically significant in Egger’s 
and Begg’s tests, the limited number of studies constrains 
the power of these assessments. Larger-scale studies with 
diverse populations are needed to confirm these findings 
and assess whether TSR can be applied consistently across 
different ethnic and geographic cohorts.

In conclusion, this meta-analysis highlights TSR 
as a promising prognostic indicator in both HCC and 
GBC, with a stronger predictive value observed in HCC. 
Given its potential clinical relevance, incorporating 
TSR into routine histopathological assessments may 
improve prognostic accuracy and inform therapeutic 
decision-making. However, further prospective studies are 
needed to validate its utility, standardize its measurement, 
and explore its role in guiding stromal-targeting 
treatment strategies. The integration of TSR into cancer 
prognostication models could enhance precision medicine 
efforts, ultimately improving patient outcomes in HCC 
and GBC.
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