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ABSTRACT

Background Cancer treatment with vascular endothelial
growth factor signalling pathway (VSP) inhibitors
frequently causes hypertension. Although previous

reports suggested that the antihypertensive drug renin—
angiotensin system inhibitor (RASI) may have a positive
synergistic effect with VSP inhibitors, the actual impact on
clinical outcomes is unknown.

Objectives The study aims to clarify whether RASIs
exhibit clinical benefits for patients with cancer with
hypertension.

Method From the Longevity Improvement and Fair
Evidence Study database, comprising Japanese claims
data between 2016 and 2020, we reviewed 2380 patients
treated with VSP inhibitors who received antihypertensive
treatment during cancer therapy. The patients were
classified into two groups: with-RASI (n=883) and without-
RASI (n=1497). In addition, 1803 of these patients treated
for hypertension with RASI-only (n=707) or calcium
channel blocker-only (n=1096) were also reviewed. The
time-to-treatment failure (TTF), the interval from initiation
of chemotherapy to its discontinuation, was applied as the
primary endpoint.

Results The median TTFs were 167 (60—382) days

in the with-RASI group and 161 (63—377) days in the
without-RASI group (p=0.587). All models, including

Cox proportional hazard models and multiple propensity
score models, did not reveal the superiority of with-RASI
treatment. In the propensity score matching model, the HR
for treatment with-RASI compared with that for without-
RASI was 0.96 (95% Cl 0.86 to 1.06, p=0.386). In addition,
the TTFs of RASI-only were not superior to calcium
channel blocker-only (p=0.584).

Conclusions RASIs for hypertension do not benefit clinical
outcomes during cancer therapy with VSP inhibitors.

In addition, RASIs and calcium channel blockers have
comparable clinical efficacy as first-line antihypertensive.

INTRODUCTION

Vascular endothelial growth factor (VEGF)
signalling pathway (VSP) inhibitors can
improve mortality in patients with solid
tumours. Therefore, multiple VSP inhib-
itors are used to treat various types of
cancer.' However, VSP inhibitors induce

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Vascular endothelial growth factor signalling path-
way (VSP) inhibitors have improved the prognosis of
patients with cancer but frequently provoke hyper-
tension as an adverse event.

= Renin—angiotensin system inhibitors have been re-
ported to have anti-angiogenesis effects and inhibit
cancer progression, which may synergise with VSP
inhibitors. However, few studies focus on antihy-
pertensive drugs during cancer therapy with VSP
inhibitors.

WHAT THIS STUDY ADDS

= Renin—angiotensin system inhibitors used to treat
hypertension do not improve clinical outcomes in
patients with advanced cancer treated with VSP
inhibitors.

= Renin-angiotensin system inhibitors and calcium
channel blockers exhibit comparable clinical effica-
cy as first-line antihypertensive drugs during cancer
therapy with VSP inhibitors.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Renin—angiotensin system inhibitors may not al-
ways be necessary for patients with advanced can-
cer treated with vascular endothelial growth factor
VSP inhibitors.

= Renin—angiotensin system inhibitors and calcium
channel blockers are equally recommended as first-
line antihypertensive drugs.

drug-specific adverse events, the most
common being hypertension.” Blood pres-
sure (BP) elevation is observed after the
first administration of VSP inhibitors and
persists during the subsequent cycle of
administration of anticancer drugs.” There-
fore, continuous monitoring of BP is recom-
mended during cancer treatment with VSP
inhibitors." The goal of controlling BP
during cancer treatment is to maintain BP
levels below 140/90 mm Hg; if hypertension
is not controlled, the intensity of cancer
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treatment should be reduced.' This reduction in thera-
peutic dosage may diminish the effect of the anticancer
drug and worsen mortality.

According to the guidelines for the treatment of hyperten-
sion, renin—angiotensin system inhibitors (RASIs) and non-
dihydropyridine calcium channel blockers (CCBs) are the
preferred first-line antihypertensive drugs.” Previous studies
suggested that RASIs provide a favourable prognosis in
patients with cancer. Kim et al reported the impact of RASIs
on mortality in patients with gastric cancer treated with
platinum-based chemotherapy.® Nakai ¢t ai’ and Zhao et al®
reported that RASIs enhanced the prognosis of patients with
advanced pancreatic and ovarian cancer. However, there is
no definitive consensus regarding antihypertensive drugs
during cancer treatment.

Hypertension related to VSP inhibitors is caused by inhi-
bition of the VEGF family in normal tissue and has been
reported to be an indicator of favourable clinical outcomes.”
However, few studies focused on antihypertensive drugs
during cancer therapy with VSP inhibitors. Therefore, we
hypothesised that there might be clinical benefits associated
with treatment with RASIs when used as an antihypertensive
drug during VSP inhibitor therapy. The study aimed to assess
whether the with-RASI group achieved a more favourable
clinical outcome than the withoutRASI group.

METHODS

Data sources and study design

The Longevity Improvement and Fair Evidence (LIFE)
Study database consisted of 14 municipality-level sources
primarily from claims data between 2016 and 2020,
involving 1 588 335 patients (figure 1)." In this study,
4004 patients fulfilled the inclusion criteria: (A) patients
diagnosed with target cancer and received corresponding
VSP inhibitor therapy, (B) patients who were treated with
a single VSP inhibitor during cancer treatment and (C)
age >18 years. Target primary cancer lesions and corre-
sponding VSP inhibitors were determined as follows:
colorectal and bevacizumab or ramucirumab, gastric
and ramucirumab, liver and lenvatinib, bevacizumab,
ramucirumab or sorafenib, and lung and bevacizumab
or ramucirumab. After excluding patients who received
only one cycle of VSP inhibitors (n=426) and those who
were not diagnosed with hypertension before or during
VSP inhibitor therapy (n=1198), a total of 2380 patients
(new-onset hypertension: n=546; pre-existing hyperten-
sion: n=1834) were eligible. With respect to antihyper-
tensive drugs, the clinical outcomes of the with-RASI
group (n=883) were compared with those of the without-
RASI group (N=1497) (figure 1). RASIs were either ACE

| LIFE Study (n = 1,588,335 )

A\ 4

Inclusion criteria

1. Patients diagnosed with target cancer, and treated with target VSP inhibitors
2.  Asingle VSP inhibitor during cancer therapy

3. Age 2 18year-old

| n = 4,004

—PIPatients receiving only one cycle regimen of VSP inhibitors (n = 426) |

\ 4

| n=3,578
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Figure 1

Patient selection from the LIFE study database. The LIFE study database comprised 1 588 335 patients. In this

study, 4004 patients fulfilled the inclusion criteria. After excluding patients who received only one cycle of VSP inhibitors
(n=426) and those who were not diagnosed with hypertension before or during VSP inhibitor therapy (n=1198), a total of 2380
patients with hypertension were eligible (new-onset hypertension: n=546 and pre-existing hypertension: n=1834). The patients
with hypertension were stratified into two groups, according to antihypertensive drugs: with-RASI (n=883) vs without-RASI
group (n=1497). LIFE, Longevity Improvement and Fair Evidence; RASI, renin-angiotensin system inhibitors; VSP, vascular

endothelial growth factor signalling pathway.
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inhibitors or angiotensin II receptor blockers (online
supplemental table 1).

The diagnostic criteria for hypertension were deter-
mined as the registration of the disease of hypertension
and the administration of antihypertensive drugs. The
date of diagnosis was determined as the first adminis-
tration day of antihypertensive drugs. As an indicator
of clinical outcome, time-to-treatment failure (TTF),
defined as the time between the first and last admin-
istration of VSP inhibitors, was used. Medical history
was extracted according to the Elixhauser Comorbidity
Index."

This was a cohort-based retrospective study, and
patients or the public were not involved in the study’s
design, conduct, reporting or dissemination plans. All

procedures performed in this study conformed to the
guidelines of the updated Declaration of Helsinki (2013).

Statistical analysis
Continuous variables were presented as median (IQR)
and compared using the Mann-Whitney U test. The % test
was used to compare the categorical variables between
the two groups. The Kaplan-Meier method with a log-
rank test was conducted to describe event-free survival
analysis. Cox proportional hazards model adjusted for
age, sex, medical history, primary cancer lesion and type
of VSP inhibitor was conducted.

Propensity score models were also conducted to adjust
the confounding covariates. Multivariable logistic regres-
sion was used to predict the treatment groups based on

Table 1 Patient characteristics of with-RASI and without-RASI groups
Total (n=2380) with-RASI (n=883) without-RASI (n=1497) P value
Age 74 (68-78) 74 (69-78) 74 (68-78) 0.186
Age 0.070
<50 years old 32 (1.3%) 6 (0.7%) 26 (1.7%)
50-70 years old 673 (28.3%) 243 (27.5%) 430 (28.7%)
>70 years old 1675 (70.4%) 634 (71.8%) 1041 (69.5%)
Male 1457 (61%) 539 (61%) 918 (61%) 0.892
Timing of hypertension onset 0.655
Pre-existing 1834 (77.1%) 676 (76.6%) 1158 (77.4%)
New onset 546 (22.9%) 207 (23.4%) 339 (22.6%)
Cancer site 0.206
Colorectal 1004 (42.2%) 356 (40.3%) 648 (43.3%)
Stomach 353 (14.8%) 129 (14.6%) 224 (15.0%)
Liver 608 (25.5%) 226 (25.6%) 382 (25.5%)
Lung 415 (17.4%) 172 (19.5%) 243 (16.2%)
VSP Inhibitors 0.076
Ramucirumab 484 (20.3%) 183 (20.7%) 301 (20.1%)
Bevacizumab 1481 (62.2%) 556 (63.0%) 925 (61.8%)
Lenvatinib 197 (8.3%) 80 (9.1%) 117 (7.8%)
Sorafenib 218 (9.2%) 64 (7.2%) 154 (10.3%)
Medical history
Chronic pulmonary disease 1022 (42.9%) 384 (43.5%) 638 (42.6%) 0.679
Psychoses 288 (12.1%) 106 (12.0%) 182 (12.2%) 0.912
CHF 716 (30.1%) 253 (28.7%) 463 (30.9%) 0.242
Valvular disease 320 (13.4%) 115 (13.0%) 205 (13.7%) 0.643
Cardiac arrhythmias 471 (19.8%) 160 (18.1%) 311 (20.8%) 0.116
Depression 375 (15.8%) 142 (16.1%) 233 (15.6%) 0.738
Diabetes 702 (29.5%) 278 (31.5%) 424 (28.3%) 0.102
Renal failure 234 (9.8%) 91 (10.3%) 143 (9.6%) 0.551
Peripheral vascular disorders 376 (15.8%) 155 (17.6%) 221 (14.8%) 0.071
Hypothyroidism 260 (10.9%) 94 (10.6%) 166 (11.1%) 0.738
Liver disease 1346 (56.6%) 508 (57.5%) 838 (56.0%) 0.460

CHF, congestive heart failure; RASI, renin—angiotensin system inhibitors; VSP, vascular endothelial growth factor signalling pathway.
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with-RASI 883 378 212 115 60 33
without-RASI 1,497 649 347 172 89 54

Figure 2 Comparison of TTF between with-RASI and
without-RASI groups. TTFs were described using the Kaplan-
Meier method with a log-rank test. Median TTFs were 167
(60-382) days in the with-RASI group and 161 (63-377) days
in the without-RASI group (p=0.587). RASI, renin—angiotensin
system inhibitors; TTF, time to treatment failure.

confounders, including age, sex, the timing of hyperten-
sion onset, primary cancer lesion, type of VSP inhibitor
and medical history. All patients were allocated esti-
mated propensity scores that predicted the probability of
receiving with-RASI treatment in the primary analysis and
RASI-only treatment in the secondary analysis. Several
Cox proportional hazard models were conducted to
adjust for between-group differences by applying propen-
sity scores: (1) inverse probability of treatment weighting
(IPTW) model using propensity scores to create weights
for treatment selection, (2) regression adjustment model
in which propensity scores were used as a linear predictor
of outcome, (3) propensity score matching model with
1:1 pairs of patients created using a k-nearest neighbour
algorithm and (4) stratification model in which patients
were stratified into five groups by propensity scores (1:
lowest to 5: highest), and the therapeutic effect in each
group and effect of combined groups were estimated.
The analyses were conducted (1) in all patients, (2) in
those who survived at least 4 weeks after initiation of VSP
inhibitor therapy and (3) in those diagnosed with de novo
hypertension after the administration of VSP inhibitors.

A p<0.05 was considered statistically significant for
all other statistical analyses. Statistical calculations were
performed using Python, V.3.8.5 (Python Software Foun-
dation, Beaverton, Oregon, USA).

RESULTS

Patient characteristics

Overall, 2380 patients were included in the primary
analysis (with-RASI: 883 patients (37%) vs without-RASI:
1497 patients (63%) (figure 1). Patients’ characteristics
are summarised in table 1. Approximately 60% of the
patients were aged >70 years in both groups. There were
no significant between-group differences regarding age,
sex and the timing of hypertension onset. No signifi-
cant difference was detected in medical history between

groups. Primary cancer site and type of VSP inhibitor also
exhibited no significant difference between groups.

Comparison of TTFs

With-RASI versus without-RASI

Median TTFs were 167 (60-382) days in the with-RASI
group and 161 (63-377) days in the without-RASI group
(p=0.587). Kaplan-Meier curves for TTF are shown in
figure 2. Unadjusted and adjusted Cox proportional
hazard models also obtained comparable TTFs (HR:
0.98 (95% CI 0.90 to 1.06); p=0.584and HR: 0.96 (95%
CI 0.88 to 1.04); p=0.295, respectively) (table 2). Further,
the propensity score model using IPTW did not demon-
strate significant efficacy of RASIs on TTF (HR: 0.94
(95% CI 0.6 to 1.03); p=0.186). Other propensity models
with regression adjustment, matching and stratification
also failed to detect a greater clinical effect of RASIs.

In the patients who received VSP inhibitors for >4
weeks, we could not identify the benefit of RASIs in an
unadjusted model (HR: 0.95 (95% CI 0.87 to 1.04);
p=0.255) (table 2). Although the multivariate analysis
and propensity score-adjusted IPTW model shifted the
HR leftward, neither revealed a significant benefit of
RASIs on TTF in the multivariate model (HR: 0.92 (95%
CI 0.85 to 1.01); p=0.082and HR: 0.91 (95% CI 0.83 to
1.00); p=0.053, respectively). Even when confined to the
patients with de-novo hypertension after the administra-
tion of VSP inhibitors, the clinical impact of RASIs was
not significant in all models. We described the TTF and
unadjusted HR of the RASI groups categorised according
to baseline characteristics (table 3). TTFs were compa-
rable between the with-RASI and without-RASI groups
even when classified by age, sex, cancer site, type of VSP
inhibitor and medical history (All p>0.05).

In addition, different RASIs and CCBs were evaluated
to determine which would be more effective regarding
clinical outcomes (online supplemental material and
figure 1). The TTFs of RASI-only and CCB-only were
also comparable (p=0.584, log-rank test) (online supple-
mental figure 2).

DISCUSSION

We assessed whether RASIs provided clinical bene-
fits during VSP inhibitor therapy in these patients with
hypertension. In addition, we clarified whether RASIs
or CCBs should be the firstline antihypertensive drug.
In the primary analysis, TTF was compared between the
with-RASI and without-RASI groups. RASIs in patients
with hypertension did not demonstrate a substantial clin-
ical benefit regarding the response to cancer therapy
(figure 3). Even when restricting the study to patients who
received VSP inhibitors for more than 4 weeks or were
newly diagnosed with hypertension after the administra-
tion of VSP inhibitors, we identified no significant advan-
tage of RASIs. This study clarified that RASIs for hyper-
tension do not improve clinical outcomes in patients with
cancer treated with VSP. In addition, RASIs and CCBs
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Table 2 TTF analyses between with-RASI and without-RASI groups with multiple models

Sample size

Analysis models With-RASI Without-RASI HR (95% CI) P value
All patients

Unadjusted analysis 883 1497 0.98 (0.90 to 1.06) 0.584

Multivariate analysis* 883 1497 0.96 (0.88 to 1.04) 0.295
Propensity score-adjusted model

IPTW 882 1494 0.94 (0.86 t0 1.03) 0.186

Regression adjustment 882 1494 0.94 (0.86 t0 1.03) 0.198

Matching 1:1 879 879 0.96 (0.86 to 1.06) 0.386

Stratification 882 1494 0.95 (0.86 to 1.04) 0.224
Within-propensity score quintile

1 (lowest propensity score) 126 349 0.84 (0.68 to 1.05) 0.128

2 179 296 0.95(0.77 t0 1.16) 0.586

3 180 295 1.02 (0.84 to 1.25) 0.827

4 196 279 1.12 (0.92 t0 1.37) 0.262

5 (highest propensity score) 201 275 0.82 (0.67 t0 1.00) 0.047
Patients who were treated for >4 weeks with VSP inhibitor administrated

Unadjusted analysis 788 1369 0.95 (0.87 t0 1.04) 0.255

Multivariate analysis* 788 1369 0.92 (0.8510 1.01) 0.082

Propensity score-adjusted model (IPTW) 788 1367 0.91 (0.83 to 1.00) 0.053
Patients with de-novo hypertension after VSP inhibitor administration

Unadjusted analysis 207 339 0.96 (0.81t0 1.15) 0.683

Multivariate analysis* 207 339 0.90 (0.76 to 1.08) 0.271

Propensity score-adjusted model (IPTW) 205 330 0.85(0.70 to 1.04) 0.107

*Adjusting age, sex, primary cancer lesion, type of VSP inhibitors and medical histories.
IPTW, inverse probability of treatment weighting; RASI, renin-angiotensin system inhibitors; TTF, time to treatment failure; VSP, vascular

endothelial growth factor signalling pathway.

have comparable clinical efficacy as firstline antihyper-
tensive drugs during VSP inhibitor therapy (figure 3).

Clinical implication of RASIs in patients with cancer

The relation between RASIs and clinical outcomes in
patients treated with VSP inhibitors has been discussed
extensively in renal cell carcinoma. However, even in
renal cancer, the efficacy of RASIs is inconclusive. Izze-
dine et al reported that RASIs improved overall survival
and progression-free survival in patients with metastatic
renal cell carcinoma treated with sunitinib.'? Likewise,
McKay et al also reported that RASIs reduced the hazard
of overall survival by approximately 30% in patients with
renal cancer with hypertension treated with VSP inhibi-
tors."”” On the other hand, another study failed to reveal
a relation between RASIs and prognosis in patients with
renal cell carcinoma treated with sunitinib or pazo-
panib."* Furthermore, there is a lack of evidence clari-
fying the effect of RASIs during VSP inhibitor therapy in
patients with other malignancies. Since the nephropro-
tective effect of RASIs may be more assertively reflected
in clinical response in renal cancer than in other malig-
nancies, we focused on malignancies other than renal

carcinoma in this study. This study is one of the most
extensive cohort studies investigating the effect of anti-
hypertensive agents on clinical outcomes in patients with
cancer, other than renal cancer, treated with VSP inhib-
itors.

Should RASIs be used for patients with cancer treated with
VSP inhibitors?

Advantages of RASIs on hypertension in patients with advanced
cancer treated with VSP inhibitors

In solid tumours, disorganised vasculature controlled
by VEGF plays an essential role in tumour growth and
maintenance.””™"” Preclinical research has also reported
that angiotensin- II promotes cell proliferation and
angiogenesis and suppresses cell apoptosis through the
angiotensin-2-AT1 receptor.'® ' The administration of
angiotensin-II type 1 (AT1) receptor inhibitor to cancer
model mice suppressed VEGF expression and angiogen-
esis and inhibited tumour progression.”” ACE inhibitors
have also been reported to inhibit cancer progression due
to the antiangiogenesis effects.” * Egami et al reported
that the inhibition of angiotensin-II type 1 receptor
played a complementary role to VSP inhibitors and that a

Moriyama S, et al. Open Heart 2022;9:€002135. doi:10.1136/0openhrt-2022-002135
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Table 3 TTF and unadjusted analysis among with-RASI and without-RASI

TTF (IQR) (days)

With-RASI

Without-RASI HR (95% CI)

Treatment
Non-RASI group -

RASI group 167 (60-382)
Age

<-50 years 356 (239-665)

50-70 years 204 (76-530)

>-70 years 146 (56-340)
Sex

Female 198 (70-445)

Male 142 (56-352)

Timing of hypertension onset

Pre-existing 126 (49-326)
New onset 322 (141-590)
Cancer site
Colorectal 255 (89-535)
Stomach 83 (42-169)
Liver 140 (49-321)
Lung 160 (66—343)
VSP inhibitors
Ramucirumab 77 (42-164)
Bevacizumab 236 (91-502)
Lenvatinib 84 (27-232)
Sorafenib 90 (35-247)
Medical history
Chronic pulmonary disease 146 (56-388)
Psychoses 154 (56-402)
CHF 154 (52-362)
Valvular disease 165 (60-357)
Cardiac arrhythmias 130 (42-345)
Depression 176 (60-376)
Diabetes 146 (54-348)
Renal failure 145 (49-428)
Peripheral vascular disorders 131 (49-300)
Hypothyroidism 151 (54-336)
Liver disease 146 (56-358)

161 (63-377) =

158 (89-547)
183 (76-447)
154 (63-344)

0.76 (0.31 10 1.87)
0.87 (0.75 10 1.02)
1.02(0.92 10 1.13)

168 (70-380)
160 (63-371)

0.91 (0.80 to 1.04)
1.02 (0.92 t0 1.14)

143 (56-306)
287 (125-553)

0.99 (0.90 to 1.09)
0.96 (0.81101.15)

252 (105-518)
91 (42-168)
136 (49-314)
148 (66-287)

0.98 (0.86 to 1.11
0.88(0.711t01.10
0.96 (0.81101.13
0.97 (0.80t0 1.18

- || = | =

93 (42-177)
229 (102-488)
102 (46-294)

0.97 (0.80 t0 1.16)
0.96 (0.87 t0 1.07)
1.19(0.90 to 1.59)

( )

97 (34-286) 1.02 (0.76 t0 1.37
190 (77-439) 1.11 (0.97 to 1.25)
172 (79-317) 0.95 (0.75 to 1.21)
159 (57-374) 1.03 (0.88 t0 1.20)
153 (63-329) 1.02 (0.81 t0 1.28)
154 (63-371) 1.10 (0.91 t0 1.33)
168 (61-371) 0.95 (0.77 t0 1.17)
147 (57-343) 1.07 (0.92 to 1.24)
132 (44-312) 0.95 (0.73 to 1.24)
145 (56-329) 1.07 (0.87 10 1.32)
152 (57-309) 0.95 (0.74 t0 1.23)
168 (63-377) 1.03 (0.92 t0 1.15)

CHF, congestive heart failure; CRC, colorectal cancer; RASI, renin—angiotensin system inhibitors; TTF, time to treatment failure; VSP, vascular

endothelial growth factor signalling pathway.

combination of these agents prevented tumour progres-
sion in the mice model.* Another pathology regarding
the anticancer effect of RASIs, similar to that of VSP
inhibitors, was also suggested to be that RASIs released
the compression of tumour vessels and improved drug
transport into the cancer cell.” ** These results suggested
that RASIs exerted an anticancer effect and were particu-
larly effective during VSP inhibitor therapy. In addition,

VSP inhibitors often induce proteinuria and subsequent
glomerular dysfunction due to VEGF suppression in the
kidney.” The nephroprotective effect of RASIs in patients
with proteinuria supports the use of RASIs in patients
with cancer being treated with VSP inhibitors and may
support its remarkable efficacy on renal cancer.'” '? %
However, these advantages of RASIs did not contribute to
enhancing TTF in this study.
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Cancer Treatment

Frequent
Adverse Events

with VSP Inhibitors

> Hypertension
|}

Favorable Clinical Indicator

What is appropriate antihypertensive treatment while on VSP inhibitors?

Q From LIFE study database (1,588,335 patients

CQ1. RASIs have clinical benefits?

without-RASI
(n=1,497)

with-RASI
(n=883)

HR 0.96 [0.88-1.04], P=0.295

CQ2. Initial antihypertensive drug:

RASIs or CCBs?
RASI-only CCB-only
(n=707) (n=1,096)

HR 0.95 [0.86-1.05], P=0.289

RASIs do not strongly benefit clinical outcomes

Figure 3 Renin-angiotensin system inhibitors (RASIs) have no clinical benefits during cancer treatment with VSP

inhibitor therapy. VSP inhibitor-related hypertension has been reported to be a favourable clinical indicator, but the optimal
antihypertensive therapy has not been elucidated. In this study, we analysed the impact of RASI on clinical outcomes in
patients with cancer treated with VSP inhibitors using CQ1 (whether RASIs have clinical benefits) and CQ2 (whether RASIs
or CCBs are more appropriate as initial antihypertensive drugs). However, no superiority of RASIs was indicated in both CQs,
suggesting that RASIs do not strongly contribute to clinical outcomes. CCB, calcium channel blocker; CQ, clinical question;
LIFE, Longevity Improvement and Fair Evidence; VSP, Vascular endothelial growth factor signalling pathway.

Disadvantages of RASIs on hypertension in patients with advanced
cancer treated with VSP inhibitors

Several previous studies support our findings that
combined RASI with VSP inhibitor therapy did not signif-
icantly affect clinical outcomes. Kappers et al reported
that plasma renin and aldosterone were not linked to
BP in patients treated with sunitinib, a VSP inhibitor.?’
Facemire et al reported that in the mice model with the
administration of VSP inhibitors, renin messenger-RNA
expression in the kidney and excretion of aldosterone
in urine decreased.”™ These results suggested that the
renin—-angiotensin—aldosterone system is unlikely to influ-
ence VSP inhibitorrelated hypertension strongly and
that there is no specific effect of RASIs on VSP inhibitor-
related hypertension. In addition, although VSP inhibi-
tors related proteinuria was caused by reduced abundant
of VEGF family in podocytes and endothelial cells, most
of the proteinuria reduction by RASIs is due to haemod-
ynamic reduction of glomerular hypertension.”” * Thus,
RASIs may not reduce the VSP inhibitors-related protein-
uria. Besides, Walther et al reported that RASIs promote
angiogenesis via angiotensin-II AT2 receptor in mice
implanted with cancer cells.”” This result conflicted with
previous reports suggesting favourable effects of RASIs
on cancer progression.””* In addition, median TTF
was shorter than 6 months in our study, and usual doses
of RASI may not have a significant effect on the VEGF
pathway and cancer progression in this short period. The
extent to which the renin-angiotensin system influences

the VEGF pathway, cancer progression and the mecha-
nisms involved have not been fully elucidated; therefore,
further research is required.

Antihypertensive drugs for patients with cancer treated with VSP
inhibitors

How should we select antihypertensive drugs in patients
with cancer treated with VSP inhibitors from our study?
Importantly, this study does not recommend that RASIs
should not be used during cancer therapy with VSP
inhibitors. RASIs exert cardioprotective and nephro-
protective effects.”® *' In addition, because of the strong
antihypertensive effect and adherence, a recent hyper-
tension guideline recommended a combination of RASIs
and CCB using a fixed-dose drug as initial antihyperten-
sive therapy.32 Therefore, once BP has stabilised after
the administration of VSP inhibitors, RASI and CCB
combination therapy should be considered. Moreover,
although this study did not reveal significantly favourable
effects of RASIs, the use of RASIs tended to reduce the
HR. This result suggested that RASIs may have a posi-
tive clinical impact during cancer treatment, though not
strong. A specific population of patients with cancer may
respond well to RASIs, and further research is required to
investigate specific subpopulations.

Study strengths and limitations
To our knowledge, this is one of the largest cohort
studies to comprehensively evaluate the impact of
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antihypertensive drugs on clinical outcomes in patients
with cancer treated with VSP inhibitors. The statistical
power (1-B) was sufficiently large, and multiple models
were applied to confirm the robustness. The results of
this study are precious because it is challenging to analyse
the prognosis of large cohorts in randomised controlled
trials, such as that evaluated in this study.

This study has several limitations. First, it was a cohort-
based retrospective study, and laboratory data at baseline
and during cancer treatment could not be assessed. A
previous meta-analysis reported that RASIs are nephro-
protective in patients with proteinuria but not those
without proteinuria.”® Although we could not assess renal
laboratory data, renal function at baseline detected by
the Elixhauser Comorbidity Index system was adjusted
in the multivariate models and used to calculate propen-
sity scores. Echocardiographic or electrocardiographic
parameters were also challenging to collect, but heart
failure, arrhythmia and valvular disease were incorporated
into the covariates. Besides, high statistical power in big
data, which can withstand statistical methods even after
adjusting for multiple background factors, can compen-
sate for the limitation that this study could not assess
detailed clinical data. Second, the age distribution could
have reduced the clinical impact of RASIs in our results.
The median age in this study was higher than thatin other
studies.”” " In the subgroup analysis of a younger cohort,
there was a trend towards more prolonged TTF in the
RASI group than in the others. This age-related difference
in RASI response suggests that the mechanism of VSP
inhibitorrelated hypertension may differ according to
age. Alternatively, there could be an age-related difference
in the renin—angiotensin-aldosterone system, regardless
of VSP inhibitors. Further study including a wide range of
age groups is desirable. Third, we comprehensively anal-
ysed the combination of primary cancer lesions and VSP
inhibitors, but they usually differ in treatment effect and
TTF. This bias was mitigated as much as possible by adding
cancer type and VSP inhibitor as covariates. Fourth, we
could not assess the actual change in BP in this study. The
degree of BP elevation may influence the choice of anti-
hypertensive drugs, and the profile of BP after antihyper-
tensive drug initiation may influence the clinical course of
cancer treatment. Fifth, the LIFE study was limited to the
14 major Japanese municipalities, which may not neces-
sarily represent real-world clinical data. However, the LIFE
study encompassed urban and rural areas, and we were
able to evaluate patients receiving standard cancer treat-
ment. Finally, the LIFE study database did not contain all
the mortality information of all patients, and we adopted
TTF as an alternative indicator. TTF is a clinical indicator
that considers the efficacy and toxicity of anticancer treat-
ment and is one of the essential composite measures of
real-world outcomes.™

CONCLUSION

RASIs do not benefit clinical outcomes during cancer
therapy with VSP inhibitors. In addition, RASIs are not

superior CCBs as first-line antihypertensive drugs. Never-
theless, our results can be used to guide the selection of
antihypertensive drugs during cancer treatment with VSP
inhibitors. Future prospective clinical trials are required
to address this study’s limitations and identify the subpop-
ulations of patients that could benefit most from RASI
therapy.
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