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Abstract

In this multicenter retrospective study, we studied the impact of the concurrent use of renin-

angiotensin system inhibitors (RASi) on the outcomes of 229 metastatic renal cell carcinoma 

(mRCC) patients treated with immune-checkpoint inhibitors (ICI). The findings suggest that RASi 

could be repurposed to enhance outcomes with ICI in patients with mRCC, which may have a 

large global impact given their cost-efficacy.

Background: Renin-angiotensin system inhibitors (RASi) have been shown to improve 

outcomes in studies of multiple malignancies by effects on the tumor microenvironment to 

enhance the immune repertoire and improve drug delivery. Repurposing RASi to treat metastatic 

renal cell carcinoma (mRCC) in combination with immune-checkpoint inhibitors (ICI) may 

improve survival coupled with tolerability and cost efficacy. We evaluated the impact of RASi 

on outcomes in mRCC patients receiving ICI.

Methods: This multicenter, retrospective cohort study included mRCC patients treated with ICI 

with or without RASi. The patients from Dana-Farber Cancer Institute (DFCI) were used as a 

discovery cohort, and the patients from University of California San Diego (UCSD) were used 

for validation. Receipt of an ICI (PD1/L1 and/or CTLA-4 inhibitors) was required. RASi use was 

defined as receipt of a RASi at baseline and for a minimum of 30 days after ICI initiation. For both 

the discovery and validation cohorts, the primary outcome assessed was overall survival (OS) and 

the secondary endpoints were time-to-treatment failure (TTF), and objective response rate (ORR).

Results: Overall, 229 patients who received an ICI were included: 100 patients from DFCI and 

129 patients from UCSD. Concomitant RASi were administered in 30 patients (30%) in the DFCI 

cohort and 59 (45%) in the UCSD cohort. Median age at ICI initiation was 62.5 years in both 

cohorts. Median follow-up was 3.8 [IQR 3-5.3] years in the DFCI cohort, and 2.3 [IQR 1.4-3.6] 

years in the UCSD cohort. In the DFCI cohort, RASi was significantly associated with longer 

OS (adjusted-HR 0.35 [95% CI, 0.17-0.70], P = .003) and TTF (adjusted-HR 0.57 [0.36-0.92], P 
= .02). In the validation cohort, RASi was associated with TTF (adjusted HR, 0.60 [0.39-0.92], 

P = .02) and not statistically associated with OS (adjusted-HR 0.60 [0.34-1.06], P = .07). The 

propensity analysis, matching 83 patients from both cohorts receiving RASi while on ICI with 83 

who did not, showed that RASi significantly improved OS (HR 0.59 [0.37-0.95], P = .03) and TTF 

(HR 0.60 [0.43-0.85], P = .0034).

Conclusions: RASi was associated with improved OS and TTF in mRCC patients receiving ICI. 

This provides a rationale for prospective randomized studies combining ICI and RASi in mRCC 

patients.

Keywords

Angiotensin; Angiotensin receptor blockers; Angiotensin converting enzyme; Immunotherapy; 
PD1/L1 inhibitors; Kidnay cancer

Introduction

Immune-checkpoint inhibitors (ICI) have revolutionized the therapeutic landscape in 

patients with metastatic renal cell carcinoma (mRCC).1 However, the majority of patients do 
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not respond. ICIs combined with VEGF inhibitors improve outcomes; however, therapy is 

associated with toxicities and cost.

The renin-angiotensin system (RAS) has been implicated in promoting tumor growth and 

progression in various cancers.2 RAS inhibitors (RASi), such as angiotensin-converting 

enzyme inhibitors (ACEi) and angiotensin receptor blockers (ARB), are widely prescribed 

to treat of hypertension and cardiovascular disease. Interestingly, angiotensin inhibition has 

been demonstrated to activate the immune system and improve drug delivery due partly 

to the downregulation of transforming growth factor (TGF)-β, modification of the tumor 

microenvironment, resultant alleviation of hypoxia and increased perfusion of the tumor.3-7

The use of RASi has been associated with improved outcomes across malignancies.8-10 The 

addition of ARB to ICI improved ICI efficacy in mice with breast cancer by promoting T 

lymphocyte activity. However, limited studies have investigated the role of RASi in cancer 

patients treated with ICI and no data are available of the combination in mRCC.5,11,12

We hypothesized that concomitant RASi is associated with improved clinical outcomes 

in patients with mRCC receiving ICI and conducted a retrospective study to identify an 

association.

Materials and methods

Patients and data

We conducted a multicenter, retrospective cohort analysis of patients with mRCC treated 

with PD-1/L1 or CTLA-4 inhibitors, as monotherapy or in combination. Patients from Dana 

Farber Cancer Institute (DFCI) treated from 2015 to 2019 served as a discovery cohort. 

Patients from University of California San Diego (UCSD) treated between 2016 and 2019 

served as a validation cohort.

Patients who received ≥2 doses of ICI (or combination of ICIs) were included. Patients 

with missing concomitant medication information or treated with ICI in combination with 

VEGF-targeted therapy or other non-ICI therapy were excluded. Baseline demographic, 

clinical and RASi use data were collected. RASi included ACEis and ARB. Patients within 

the RASi group were treated with a RASi at baseline and for a minimum of 30 days after ICI 

treatment initiation, for patients alive at day 30. The decision to start and the choice of RASi 

was at the discretion of the treating physician. This study was approved by the Institutional 

Review Board.

Study outcomes and statistical analysis

For both the discovery and validation cohorts, the primary outcome assessed was overall 

survival (OS) and the secondary endpoints were time-to-treatment failure (TTF), and 

objective response rate (ORR). For OS, patients who were alive were censored at the date 

of last follow-up. TTF was calculated from the start to the last date of ICI therapy or death. 

Patients who were alive and still receiving ICI were censored at the date of last follow-up. 

Response was assessed per Response Evaluation Criteria in Solid Tumors (RECIST) 1.1 by 

investigators.
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The distributions of OS and TTF were estimated with the Kaplan-Meier method along with 

95% confidence intervals (95% CI), and their associations with RASi treatment, baseline 

hypertensive disease, beta-blocker treatment and any non-RASi antihypertensive were 

examined using a Cox proportional hazards model with histology (clear cell vs non-clear 

cell), IMDC category, number of prior lines of therapy and type of ICI treatment (single 

vs. combination) chosen as covariates; log-rank p-values and adjusted hazard ratios were 

reported. Association with response was assessed using a multivariable logistic regression 

model. All tests were two-tailed; statistical significance was defined as P < .05.

Propensity score matching was performed in the DFCI and UCSD cohorts using the R 

package “Matchlt”. Propensity scores were calculated using demographics (age at ICI start 

and sex), disease characteristics (clear-cell vs. non-clear cell histology, IMDC risk category) 

and treatment characteristics (number of prior lines of therapy, single vs. combination ICI 

treatment) and institution. Standardized differences-in-means were computed and plotted 

pre- and post-matching using the R package “cobalt”. Associations between RASi treatment 

and OS, TTF and ORR were assessed in the matched cohorts.

Results

Patients characteristics and treatment exposure

For the discovery cohort, 100 patients from DFCI met the inclusion criteria, of whom 30 

(30%) received concomitant RASi (Table 1). The UCSD validation dataset included 129 

patients, of whom 59 (45%) received concomitant RASi. Median age at treatment initiation 

was 62.5 years in both cohorts. Female patients constituted 30.0% (30/100) and 28.5% 

(38/129) of DFCI and UCSD cohorts, respectively. Most patients had clear cell histology 

(DFCI:89%; UCSD:76%). Median follow-up time was 3.8 [IQR 3-5.3] years in the DFCI 

cohort, and 2.3 [IQR 1.4-3.6] years in the UCSD cohort.

Impact of RASi on clinical outcomes

In the discovery cohort, RASi was significantly associated with longer OS (adjusted-HR 

0.35 [95% CI, 0.17-0.70], P = .003; Figure 1A) and TTF (adjusted-HR 0.57 [0.36-0.92], P = 

.02; Figure 1B). In the validation cohort, RASi was associated with TTF (adjusted HR 0.60 

[0.39-0.92], P = .02; Figure 1C) and was not statistically associated with OS (adjusted-HR 

0.60 [0.34-1.06], P = .07; Figure 1D). RASi was not associated with ORR in either the 

DFCI (P = .15), or the UCSD (P = .95) cohorts. In addition, we did not find any association 

between hypertension at first dose of ICI and either OS (pDFCI = 0.68, pUCSD = 0 .75; 

Supplementary Table S3) or TTF (pDFCI = 0.60, pUCSD = 0.89; Supplementary Table S3). 

Similar findings were seen in patients with mRCC treated with beta-blockers (OS pDFCI = 

0.49, pUCSD=0.18; TTF PDFCI = 0.68, pUCSD=0.11; Supplementary Table S4) or patients 

treated with any non-RASi antihypertensive (OS pDFCI = 0.28, PUCSD=0.29; TTF pDFCI = 

0.46, pUCSD = 0.50; Supplementary Table S5).

Propensity analysis

Eighty-three patients from both DFCI and UCSD who received RASi while on ICI 

were matched to 83 patients who had not received RASi (Supplementary Table S2; 
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Supplementary Figs. S1 and S2). Patients on RASi had significantly longer OS (HR 0.59 

[0.37-0.95], P = .03; Figure 2A) and TTF (HR 0.60 [0.43-0.85], P = .0034; Figure 2B), but 

no significant difference in ORR (22.8% vs. 13.3% P = .11).

Discussion

In this multicenter retrospective study, we assessed the association between RASi 

administered concomitantly with ICI and OS and TTF benefits in mRCC patients. A 

statistically significant association between RASi and OS was observed only in the 

discovery cohort, potentially due to modest sample size and shorter median follow-up. 

However, evidence from both cohorts and the propensity analysis supports an incremental 

benefit for RASi in combination with ICI.

Recently, there has been growing interest in drug repurposing for cancer therapy. RASi 

are widely used medications and are known for their favorable toxicity profile. Their 

efficacy in cancer treatment has been investigated and proven in preclinical models.9,13 

Their effect on cancer-associated fibroblasts leads to remodeling of the immunosuppressive 

microenvironment. The angiotensin-II/angiotensin receptor axis regulates the activity of 

immunomodulatory cytokines (TGF-β, IL1-β, etc.) promoting the differentiation and 

recruitment of immunostimulatory CD8+ T-cells and NK cells.4 Perhaps more directly, 

RASi improve microvascular tumor perfusion by “relaxing” the ECM, which translates into 

efficacious drug delivery to tumor cells as well as improved ICI efficacy in mice with breast 

cancer.5,9

The additive effect of RASi on systemic treatment in cancer patients has been investigated 

in retrospective clinical studies.14 In mRCC, RASi improved survival in mRCC patients 

treated with VEGF inhibitors.15 In pancreatic cancer, losartan doubled R0 resection rate 

when combined with FOLFIRINOX and radiation therapy in a phase II trial.16 Based on 

these promising data, a randomized Phase II study in locally advanced pancreatic cancers 

(NCT03563248) is evaluating the efficacy of losartan, or the combination of losartan and 

nivolumab combined with chemo-radiotherapy followed by definitive local therapy. One 

retrospective study in non-small-cell lung carcinoma showed improved outcomes in those 

receiving PD-1/PD-L1 inhibitors combined with RASi.11,12

Limitations

The main limitation of this study is its retrospective nature and modest sample size, 

although we employed a multivariable analysis followed by propensity matching to 

overcomes confounding factors. Second, the patients included in the analysis are from 2 

tertiary care centers. Although our analysis identified associations with OS and TTF, a 

statistically significant association with ORR was not observed, possibly because benefit 

from concurrent RASi is not captured by measuring tumor regressions. Third, we did not 

examine a differential impact of ACEi vs. ARB given the modest sample size. Fourth, 

tracking patient compliance to RASi treatment is suboptimal through retrospective chart 

review. Furthermore, given the reported benefit of RASi in VEGF-treated mRCC,15 it is 

challenging to claim a specific context associated benefit from RASi in the ICI setting. Also, 

we acknowledge that possible imbalance in subsequent receipt of VEGF TKI therapy might 
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contribute to differences in OS, however receipt of VEGF TKIs post ICI will not impact ICI 

TTF. Finally, these findings cannot be extrapolated to patients receiving a combination of 

ICI and other targeted agents such as VEGF TKIs.

Conclusions

RASi administration in mRCC patients receiving ICI was associated with improved OS and 

TTF. Given the safety, low cost and global availability of RASi, prospective randomized 

studies may be justified to validate these findings and repurpose these agents in this context.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Clinical practice points

• The renin–angiotensin–aldosterone system regulates proliferation and 

angiogenesis, and the inhibition of angiotensin can improve drug delivery 

due to the downstream downregulation of transforming growth factor β.

• Our retrospective multicenter study suggests that concurrent angiotensin 

blockade with ACEIs) or angiotensin receptor blockers (ARBs is associated 

with tumor regression and potentially improved survival in patients with 

mRCC receiving PD1/L1 inhibitors.

• Further prospective validation of our data in a clinical trial examining this 

combination in mRCC may be justified to repurpose ACEIs or ARBs as 

anticancer therapy, especially in the context of these widely available, safe, 

and cost-effective agents.
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Figure 1. 
Survival and time-to-treatment failure in mRCC treated with ICI with or without RASi. (A) 

OS in the DFCI cohort. (B) TTF in the DFCI cohort. (C) OS in the UCSD cohort. (D) TTF 

in the UCSD cohort.
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Figure 2. 
Overall survival (A) and time-to-treatment failure (B) in 166 propensity-matched mRCC 

patients.
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