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The Concomitant Use of Angiotensin System Inhibitors Predicts Favorable Prognosis 
for Renal Cell Carcinoma Patients

Abstract 
Objective Previous data suggest that Angiotensin system inhibitors (ASIs) may exert 
antitumor effects; however, the findings remain controversial. Therefore, the present study 
was conducted to evaluate the association between concomitant use of ASIs and survival 
outcomes in patients with renal cell carcinoma (RCC).
Methods We conducted a comprehensive search of electronic databases, including PubMed 
and Web of Science, to identify relevant studies according to the predefined inclusion and 
exclusion criteria. The pooled hazard ratios (HRs) and 95% confidence intervals (CIs) were 
calculated using either random-effects or fixed-effects models, as appropriate.
Results Favourable overall survival (OS) was observed in patients using ASIs compared with 
non-users (hazard ratio [HR] = 0.68, 95% CI: 0.57–0.81; p = 0.000). In the subgroup analysis, 
OS benefits were evident across treatment agents, the time window of ASI use, and in patients 
with metastatic renal cell carcinoma (mRCC). Moreover, progression-free survival (PFS) and 
disease-specific survival (DSS) benefits were observed in ASI users compared to non-users 
(HR = 0.74, 95% CI: 0.62–0.87; p = 0.000). Additionally, consistent DSS and PFS advantages 
were noted across treatment agents, mRCC, and the time window for ASI use. 
Conclusion Our findings indicate that concomitant use of ASIs is significantly associated with 
improved survival outcomes in patients with RCC. Further high-quality studies are required to 
validate these conclusions.
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Introduction

A substantial body of evidence indicates that hypertension is 
a common chronic disease among the elderly. The long-term 
use of various antihypertensive medications is essential for the 
prevention of cardiovascular morbidity and mortality. Angiotensin 
system inhibitors (ASIs) are widely prescribed in clinical practice 
for the treatment of cardiovascular and chronic kidney diseases. 
ASIs are comprised of two major classes of agents: angiotensin-
converting enzyme inhibitors (ACEIs) and angiotensin receptor 
blockers (ARBs). Growing evidence suggests a complex 
relationship between hypertension and the development of cancer. 
Hypertension is the most frequent comorbidity among elderly 
cancer patients and is also a common adverse event associated 
with anticancer therapy [1]. Furthermore, blood pressure has been 
shown to be independently associated with risk in patients with 
renal cell carcinoma (RCC) [2].
    A substantial body of preclinical evidence suggests that 

ASIs possess strong immunomodulatory activities and play 
an important role in shaping the immunosuppressive tumor 
microenvironment [3-5]. Several clinical trials and retrospective 
studies have indicated that the use of ASIs can enhance the efficacy 
of antiangiogenic agents, immune checkpoint inhibitors (ICIs), 
and chemotherapy in patients with cancer [3, 6, 7]. However, other 
retrospective studies have reported no significant association 
between ASI use and overall survival [8, 9]. Previous meta-
analyses have primarily examined the relationship between ASI 
use and the risk of developing renal cancer [10, 11]. To date, only 
one meta-analysis based on two studies with very limited sample 
size has investigated the prognosis of ASI use versus non-use in 
patients with RCC [12].
    Renal cancer is widely recognized as a significant public 
health problem. The morbidity and mortality rates are increasing, 
and the prognosis remains poor. Therefore, development of 
new and effective therapeutic strategies is critical. Renal cell 
carcinoma (RCC) is the most common form of renal cancer, and 

Figure 1. Flow chart summarizing the selection process of studies in this meta-analysis.
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approximately 25–30% of RCC patients are diagnosed at a locally 
advanced or metastatic stage [13]. Furthermore, recurrence occurs 
in 30–40% of patients, even after successful treatment of localized 
disease [14]. Given these challenges, the relationship between ASI 
use and prognosis in RCC patients warrants further investigation. 
Therefore, we performed this meta-analysis using all available 
studies to assess the prognostic value of ASI use in RCC patients.

Materials and methods

Search strategy

This meta-analysis was conducted in accordance with the 
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) recommendations [15]. The Web of Science 
and PubMed electronic databases were searched for eligible 
studies published until 15 April 2025. The search terms used 
were: (angiotensin II OR angiotensin-converting enzyme OR 
renin-angiotensin OR losartan OR valsartan OR candesartan 
OR eprosartan OR telmisartan OR captopril OR enalapril OR 
fosinopril) AND (renal) AND (cancer OR carcinoma OR neoplasm 
OR tumor) AND (patient). The reference lists of relevant studies 
and previous systematic reviews were manually screened to 
identify additional eligible publications.

Inclusion and exclusion criteria

Articles written in English that evaluated the survival outcomes 
of patients with RCC treated with ASIs versus those not receiving 
ASIs were included. The most comprehensive and recent study was 
selected when overlapping data appeared in the multiple studies. 
The outcomes of interest were defined as hazard ratios (HRs) 
with 95% confidence intervals (CIs) for disease-specific survival 
(DSS), progression-free survival (PFS), and overall survival (OS). 
The exclusion criteria were as follows: (1) preclinical studies, 
letters, meeting abstracts or summaries, reviews, case reports, or 

comments; (2) studies in which data for statistical analysis were 
not accessible; and (3) duplicate publications.

Data extraction and quality assessment

Data extraction was independently performed by two investigators 
based on predefined inclusion and exclusion criteria, and any 
disagreements were resolved through discussion. The extracted 
data included the first author’s name, country, publication year, 
cancer stage, time window of ASI use, total number of patients, 
number of patients using ASIs, treatment agents, and follow-up 
duration. This meta-analysis focused on two primary outcomes: 
The first was long-term survival, defined as overall survival (OS), 
and the second was short-term survival, including progression-free 
survival (PFS) and disease-specific survival (DSS). To minimise 
the influence of confounding factors, multivariate results were 
preferentially used for meta-analysis when both univariate and 
multivariate results were available. The Newcastle–Ottawa Scale 
(NOS) [16], which comprises three domains (outcome assessment, 
comparability, and selection), was used to evaluate the quality of 
the included studies. Studies with NOS scores greater than 6 were 
considered high quality.

Statistical analysis

Pooled hazard ratios (HRs) and corresponding 95% confidence 
intervals (CIs) for OS and DSS/PFS were calculated to compare 
outcomes between ASI users and non-users. HR < 1 indicated 
a beneficial effect of ASI use, whereas HR > 1 indicated a 
detrimental effect of ASI use. The fixed-effects model (Mantel–
Haenszel method) was applied when no significant heterogeneity 
was detected, and the random-effects model (DerSimonian–Laird 
method) was used in the presence of significant heterogeneity. 
Heterogeneity among studies was assessed using Higgins’ I² 
statistic [17] and Cochran’s Q test [18]; a chi-square p-value < 
0.10 or I² > 50% was considered indicative of heterogeneity. 

Table 1. Baseline characteristics of included studies.

Author Year Stage Study period No. ASIs/ 
Total patients Treatment agents Time window 

of ASIs use
Follow-up 
(months) QS

Penttilä P[19] 2017 M 2006-2014 126/303 sunitinib or pazopanib baseline and 
before 55.3 7

Keizman D[20] 2011 M 2004-2010 44/127 sunitinib baseline NA 7

Sorich MJ[8] 2015 M NA 385/1545 sunitinib or pazopanib baseline 36 8

McKay RR[21] 2015 M 2003-2013 1487/4736
sunitinib/sorafenib/
axitinib/temsirolimus/
IFNa/ bevacizumab

baseline NA 9

Izzedine H[22] 2015 M 2004-2013 105/213 sunitinib baseline and 
before 43.2 8

Fiala O[23] 2021 M 2007-2020 172/343 sunitinib or pazopanib baseline and 
before 19.9 7

Kostine M[24] 2021 A 2015-5017 83/635 ICIs baseline and 
before 24 6

Miyajima A[25] 2015 G1-G3 1996-2009 104/557 surgery baseline and 
before 79.2 7

Nuzzo PV (1)[26] 2022 M 2015-2019 30/100 ICIs baseline and 
before 45.6 7

Nuzzo PV (2)[26] 2022 M 2015-2019 59/129 ICIs baseline and 
before 27.6 7

M: metastatic; A: advanced; QS: Quality score; ICIs: immune checkpoint inhibitors; NA: not available. Data source of Nuzzo PV (1) 
came from Dana-Farber Cancer Institute. Data source of Nuzzo PV (2) came from University of California San Diego.
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Publication bias was evaluated using Egger’s and Begg’s tests, 
with p-values > 0.05 suggesting no publication bias. Sensitivity 
analyses were conducted by sequentially removing the individual 
studies to assess the robustness of the pooled results. Potential 
sources of heterogeneity were further examined through subgroup 
analyses based on treatment agents, metastatic RCC (mRCC), 
and time window of ASI use. Meta-analysis was performed using 
STATA software (version 12.0), with a p-value < 0.05 considered 
statistically significant.

Results

Eligible studies

Initially, 1,924 papers related to the search terms were identified 
after removing duplicates. Of these, 1,905 papers were excluded 
after reviewing their titles and abstracts according to the exclusion 
criteria. The remaining 19 studies were retrieved for full-text 
review, and 10 of these were excluded for the following reasons: 
five studies explored the relationship between antihypertensive 
treatment and the risk of cancer; four studies assessed the 
concomitant use of various antihypertensive medications 
(including angiotensin II receptor blockers, angiotensin-
converting enzyme inhibitors, calcium-channel blockers, beta-

blockers, diuretics, or any antihypertensive medications) and 
cancer outcomes, but did not specifically evaluate the prognostic 
association between ASI use and RCC; and one study investigated 
the potential clinical benefit of combining PD-1/L1 inhibitors with 
renin–angiotensin system inhibitors in patients with metastatic 
renal cell carcinoma but lacked the necessary data for analysis [19]. 
Ultimately, nine studies were included in this meta-analysis [8, 20-
27]. All nine studies were retrospective in nature. The studies by 
McKay, Fiala, and Nuzzo each included two cohorts [22, 24, 27], 
which were treated as two separate reports in the analysis. The 
literature search process is illustrated in Figure 1.

Study characteristics

All eligible studies will be published between 2011 and 2022. 
A total of 8,688 patients were included (range, 127-4,736 per 
study), of whom 8,131 were assessed for OS and 7,824 for DSS/
PFS. Among them, 2,595 patients with RCC received ASIs, 
whereas 6,093 did not. All the included studies were hospital-
based retrospective analyses. Of the nine studies, seven focused on 
metastatic renal cell carcinoma (mRCC). The time window for ASI 
use was reported either before or at baseline. Baseline was defined 
as ASI use at the time of treatment initiation and before referral to 
treatment initiation prior to the diagnosis of the tumour. Baseline 

Figure 3. Publication bias test for OS. (a) Begg’s funnel plot. (b) Egger’s publication bias plot.

Figure 2. Forest plot of meta-analysis results. (a) the association between OS and ASIs use; (b) the association between DFS/PFS and ASIs use.
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characteristics and quality assessments of the included studies are 
presented in Table 1.

Pooled OS and DSS/PFS

Some studies have reported a significant positive effect of 
concomitant ASI use on DSS/PFS and OS in patients with RCC, 
whereas others have drawn the opposite conclusion. A meta-
analysis was performed to address these conflicting results. 
The pooled HR for OS comparing ASI users and non-users was 
calculated based on eight studies involving 8,131 patients. Owing 
to the significant heterogeneity among the studies (I² = 72.7%, 
p = 0.000), a random-effects model was applied to estimate the 
combined HR and 95% CI. The results indicated that OS was 
significantly improved in patients with RCC using ASIs compared 
to those not using ASIs (HR = 0.68, 95% CI: 0.57–0.81; p = 0.000) 
(Figure 2a).
    The pooled HR for DSS/PFS comparing ASI users with non-
users was calculated based on seven studies comprising 7,824 
patients. Compared with patients who did not use ASIs, the results 
indicated that ASI use reduced the risk of disease progression, with 
a pooled HR for DSS/PFS of 0.74 (95% CI: 0.62–0.87; p = 0.000) 
(Figure 2b).

Subgroup analysis

To explore the potential sources of heterogeneity, subgroup 
analyses were conducted based on treatment agents, time window 
of ASI use, and mRCC status. A survival benefit for OS was 
observed with concomitant use of ASIs and sunitinib or ICIs. 
Patients who used ASIs at baseline or both before and at baseline 
showed a significantly improved OS. In patients with mRCC, ASI 
use was also associated with significantly better OS (Table 2). 
Furthermore, ASI use was consistently associated with improved 
DSS/PFS across subgroups (Table 3).

Publication bias analysis

Egger’s test and Begg’s test were performed to assess the presence 
of potential publication bias in this meta-analysis. For OS analysis, 
Begg’s test (Figure 3a) and Egger’s test (Figure 3b) indicated the 
existence of publication bias. After removing the study by Penttilä 
P [20], the publication bias disappeared, suggesting that this study 
may have been the source of bias.
    Publication bias was also detected in the subgroup analysis 
based on the time window of ASI use. To adjust the pooled 
estimates, a Trim and Fill analysis was performed [28], which 
indicated that two studies were likely missing. However, the 
overall effect estimate remained unchanged after adjustment. For 
the DSS/PFS analysis, the Begg’s test (Figure 4a) and Egger’s test 

Figure 4. Publication bias test for DSS/PFS. (a) Begg’s funnel plot. (b) Egger’s publication bias plot.

Figure 5. Sensitivity analysis for OS (a) and DFS/PFS (b).
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(Figure 4b) demonstrated no evidence of publication bias.

Sensitivity analysis

To assess the robustness of the results, each study was subjected to 
sensitivity analysis to evaluate its influence on the overall findings. 
The analysis demonstrated that the OS (Figure 5a) and DSS/PFS 
(Figure 5b) in ASI users were stable. The sequential one-by-one 
exclusion of individual studies did not significantly alter the pooled 
HRs or 95% CIs. These findings suggest that the results of this 
meta-analysis are robust.

Discussion

This meta-analysis synthesized current evidence to evaluate the 
prognostic impact of concomitant ASI use in patients with renal 
cell carcinoma (RCC). Although several studies have investigated 
the association between ASI use and clinical outcomes, their 
findings have been inconsistent [8, 9]. Compared to previous 
studies, our analysis included the largest cohort of patients with 
RCC to date, with a relatively high number of ASI users, thereby 
enhancing the reliability and robustness of the results.
    Our findings indicate that concomitant ASI use is associated 
with improved survival in RCC patients. Subgroup analyses further 
revealed that patients with RCC may benefit from the combined 
use of ASIs with immune checkpoint inhibitors (ICIs) or sunitinib. 

Table 3. The association of ASIs-use and PFS/DSS.

Stratified analysis No. of study Pooled HR (95%CI) p Effects 
model

Heterogeneity

I2 (%) Ph

Total 7 0.74(0.62-0.87) 0.000 Random 76.1 0.000

Treatment agents
Sunitinib or pazopanib 3 0.66(0.46-0.94) 0.020 Random 84.4 0.000

Sunitinib 2 0.54(0.40-0.74) 0.000 Fixed 0.0 0.940

mRRC

Total 6 0.73(0.61-0.86) 0.000 Random 77.4 0.000

Before and baseline 3 0.57(0.38-0.86) 0.008 Random 81.0 0.001

Baseline 3 0.88(0.82-0.94) 0.000 Fixed 41.8 0.161

The time window of 
ASIs use

Before and baseline 4 0.63(0.42-0.96) 0.033 Random 79.4 0.001

Baseline 3 0.88(0.82-0.94) 0.000 Fixed 41.8 0.161

Table 2. The association of ASIs-use and OS.

Stratified analysis No. of study Pooled HR (95%CI) p Effects model
Heterogeneity

I2 (%) Ph

Total 8 0.68(0.57-0.81) 0.000 Random 72.7 0.000

Deleted the study of Penttilä P 7 0.75(0.65-0.87) 0.000 Random 56.9 0.013

Treatment agents

Sunitinib or 
pazopanib 3 0.68(0.45-1.02) 0.064 Random 85.8 0.000

Sunitinib 2 0.50(0.34-0.74) 0.000 Fixed 47.1 0.169

ICIs 2 0.56(0.37-0.84) 0.002 Fixed 21.5 0.280

mRRC

Total 7 0.67(0.56-0.81) 0.000 Random 75.4 0.000

Before and 
baseline 4 0.51(0.34-0.78) 0.002 Random 79.8 0.000

Baseline 3 0.82(0.75-0.89) 0.000 Fixed 45.7 0.137

The time window 
of ASIs use

Before and 
baseline 5 0.54(0.37-0.78) 0.001 Random 75.9 0.000

Baseline 3 0.82(0.75-0.89) 0.000 Fixed 45.7 0.137
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Notably, Kichenadasse et al. reported no survival benefit from the 
concomitant use of ASIs and atezolizumab in patients with RCC 
[29], which differs from our results. Possible explanations for this 
discrepancy include the following: (1) in our subgroup analysis of 
ICIs, the ICI category included atezolizumab among other agents; 
(2) the number of patients in the study by Kichenadasse et al. was 
limited; and (3) the study was a phase II clinical trial, whereas all 
studies included in our analysis were retrospective.
    Compared to ASI-free patients, our results indicated that ASI 
use reduced the risk of disease progression in patients with RA. 
Furthermore, ASI use was consistently associated with favourable 
DSS/PFS regardless of the treatment agent, cancer stage, or time 
window of ASI use. Few studies have examined the role of ASIs 
specifically in patients with mRCC; however, our findings suggest 
that patients with mRCC may also benefit from ASI use.
    Given the increasing morbidity and mortality associated with 
malignant tumors, the disease imposes a substantial financial 
burden. [30, 31]. Drug development is widely recognized as 
increasingly expensive and time-consuming, and the efficacy of 
monotherapy for solid tumors is often limited, highlighting the 
need to explore combination treatment strategies for solid tumors. 
Consequently, repurposing existing drugs offers a promising 
approach to accelerate therapeutic innovations. ASIs are widely 
prescribed in clinical practice for cardiovascular and chronic 
kidney diseases. Clarifying their impact on survival outcomes 
in RCC provides an evidence-based rationale for their potential 
concomitant use in clinical oncology.
    All studies included in this meta-analysis were retrospective 
in design, which introduced potential sources of bias including 
selection, detection, publication, recall, and confounding biases. 
Consistent with this finding, heterogeneity was observed among 
the included studies. Although subgroup and sensitivity analyses 
were conducted, heterogeneity persisted. Certain confounding 
factors, such as the specific type and dosage of the ASIs, may have 
influenced the pooled conclusions. Unfortunately, such detailed 
information was not available in the included studies.

Conclusion

Based on the findings of the present study, concomitant use 
of ASIs was significantly associated with improved survival 
outcomes in patients with RCC. Given the limitations of this study, 
further high-quality randomized controlled trials are required to 
confirm and strengthen these conclusions.
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