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Abstract
Background Angiotensin signaling is suggested to be involved in tumorigenesis, tumor proliferation, and metastases. In colo-
rectal cancer (CRC), it was demonstrated that angiotensin I-converting enzyme inhibitors (ACEIs) and angiotensin II receptor
blockers (ARBs) may reduce the risk of CRC; however, their impact on tumor recurrence remains unknown. Therefore, in this
study, we evaluated the impact of ACEIs/ARBs on tumor recurrence in CRC patients.
Patients and methods We retrospectively investigated the clinicopathological data of 461 stage I–III CRC patients. We divided
the patients into those who took an ACEI and/or ARB (the ACEI/ARB+ group) and those who did not (the ACEI/ARB− group),
and we compared the two groups’ recurrence-free survival (RFS) using a Kaplan-Meier curve analysis and log rank test. We also
examined the impact of AGTR1 expression on tumor recurrence, using two public CRC datasets.
Results The Kaplan-Meier curves showed a trend toward improved RFS in the ACEI/ARB+ group versus the ACEI/ARB−
group (p = 0.063). Subgroup analyses demonstrated that the RFS was significantly better in the ACEI/ARB+ group versus the
ACEI/ARB− group in the patients with left-sided CRC (p = 0.030) and those with stage I CRC (p = 0.009). Consistent with these
findings, the AGTR1 expression was higher in the left-sided versus right-sided colon (p = 0.048). High AGTR1 expression levels
were associated with poor RFS in the GSE39582 dataset’s stage I–III CRC patients (p < 0.001), and this finding was also
validated in the GSE17536 dataset (p = 0.023).
Conclusion ACEI/ARB treatment may reduce tumor recurrence in left-sided CRC and early-stage CRC.
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Introduction

Colorectal cancer (CRC), one of the most frequently diag-
nosed malignancies, is a leading cause of cancer-related
deaths worldwide [1]. The overall survival of individuals with
CRC has improved dramatically due to the appearance of
molecular targeted therapies that suppress specific pathways

involved in CRC progression [2]. One such therapy is the use
of a vascular endothelial growth factor (VEGF) inhibitor,
which suppresses the neovascularization that is crucial for
tumor progression or metastases [3]. However, molecular
targeted therapy drugs have been insufficient to reduce the
risk of tumor recurrence in adjuvant settings, and the induction
of conventional chemotherapy is still necessary to decrease
tumor recurrence [4]. Novel strategies in addition to surgery
and the current chemotherapies/molecular targeted therapies
must be developed.

Cumulative evidence has suggested that the renin-
angiotensin system (which is associated with hypertension)
is also involved in tumor progression, mainly through angio-
genesis [5]. Drugs that suppress the renin-angiotensin system
may thus have anti-tumor effects. The widely used antihyper-
tensive agents, angiotensin-converting enzyme inhibitors
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(ACEIs) and angiotensin receptor blockers (ARBs), have been
demonstrated to reduce tumor proliferation and metastases in
many basic research studies. Cohort studies have also shown
that ACEIs and ARBsmay reduce the risk of tumor recurrence
and improve the prognosis in many types of cancers, includ-
ing pancreatic, gastric, renal cell, and lung cancers [6–9].

Angiotensin II receptor type 1 (AT1) is the main target of
angiotensin, and AGTR1 is the coding gene of AT1. AGTR1
was shown to be up-regulated and correlated with advanced
tumor stage in CRC [10, 11]. Moreover, blockade of AGTR1
by the administration of an ACEI or ARB suppressed tumor
growth and the incidence of liver metastases [12–14]. Large
epidemiological studies revealed that patients who were tak-
ing ARBs had decreased incidences of advanced polyp and
CRC [15–17]. This result may be supported by the results of
other basic research suggesting that there is cross-talk between
angiotensin signaling and Wnt signaling, which is one of the
main pathways of tumorigenesis and tumor progression in
CRC [18]. These findings support the ideas that [1] angioten-
sin signaling is one of the important pathways for tumorigen-
esis and tumor progression in CRC, and [2] its blockade may
reduce the risk of tumor recurrence. We thus conducted the
present study to investigate the effects of ACEIs and ARBs on
tumor recurrence in a large number of CRC patients.
Intriguingly, our results demonstrated, for the first time, that
these agents may reduce the risk of tumor recurrence, espe-
cially in early-stage and left-sided CRCs.

To test the findings we obtained in the clinical cohort, we
also performed an in silico evaluation of the association be-
tween tumor recurrence and AGTR1 expression, using two
independent public datasets of large numbers of CRC patients.
Consistent with our findings in the clinical cohort, we ob-
served that the AGTR1 expression was highly activated in
left-sided colon cancer and significantly associatedwith tumor
recurrence in CRCs.We conclude that angiotensin signaling is
important in CRC progression, and its blockade by the use of
an ACEI and/or ARBmay reduce the risk of tumor recurrence
in CRC patients.

Patients and methods

Evaluation of the association between ACEI/ARB
intake and tumor recurrence in the clinical patient
cohort

We retrospectively evaluated the cases of the patients with
stage I–III colorectal adenocarcinoma who had undergone cu-
rative resection in the period from 2009 to 2014 at Teikyo
University Hospital. Patients who underwent neoadjuvant
therapies (radiation, chemotherapy, and chemoradiotherapy)
and those who had multiple advanced CRCs were excluded.
The patients’ clinical information was examined

retrospectively, and their use of an ACEI and/or ARB, other
antihypertensive drugs (beta-blockers and calcium blockers),
and aspirin was evaluated at the time of surgery.

We divided the enrolled patients into two groups: those
who took an ACEI and/or ARB (the ACEI/ARB+ group)
and those who did not (the ACEI/ARB− group), and we com-
pared the clinicopathological features and survival between
the two groups. We defined the location from the cecum to
the transverse colon as the right side, and the colorectum from
the descending colon to the rectum as the left side. The 5-year
recurrence-free survival (RFS) was defined as the period be-
tween the date of surgery and the date of tumor recurrence
within 5 years after surgery.

Typically, a patient underwent the removal of the affected
colorectum and regional lymph nodes up to the root of the
feeding artery. Post-operative surveillance including the deter-
mination of the carcinoembryonic antigen (CEA) level was
performed at 3-month intervals, and a computed tomography
(CT) examination was conducted at 6-month intervals. Five
fluorouracil-based adjuvant chemotherapies were adminis-
tered to patients with stage II or III CRC and high-risk factors
(i.e., the presence of serosal invasion, lymphovascular inva-
sion, poorly differentiated histology, and the presence of ob-
struction or perforation at the time of surgery). Written in-
formed consent was obtained from all of the patients involved.
The study was approved by the ethical committee of Teikyo
University.

Data acquisition and evaluation of AGTR1 expression
in public CRC datasets

We evaluated the association between AGTR1 expression and
tumor recurrence using two large public datasets of colon
cancer cases, the GSE39582 dataset (stages I–III, n = 502
and stage IV, n = 60), and the GSE17536 (stages I–III, n =
176) in the Gene Expression Omnibus (data acquisition date:
2/1/2019) [19, 20]. Both datasets included microarray data
(the Affymetrix Human Genome U133 Plus 2.0 Array) of
the transcriptome from tumor tissue samples of colon cancer.
Only the expression data of tumor tissues from stage I–IV
colon cancer were included.

Both datasets had two probes for AGTR1, i.e., 205357_s_at
and 208016_s_at, and the higher expression was regarded as
the AGTR1 expression of each sample. In the GSE39582
dataset, recurrence-free survival (RFS) was available and in
the GSE17536 dataset disease-free survival (DFS) was acces-
sible. We included the stage I–III colon cancers when evalu-
ating the RFS or DFS. We divided each cohort into low and
high groups based on the expression levels of AGTR1, and we
compared the RFS and DFS of the low and high groups using
the log-rank test. The cut-off values for RFS and DFS were
decided with the use of Youden’s index in receiver operating
characteristic (ROC) curves. We also compared the AGTR1
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expression between non-metastatic (stage I–III) andmetastatic
(stage IV) CRC cases, and between proximal colon and distal
colon cases. We used the two public datasets for these analy-
ses; ethical approval was not necessary.

Statistical analyses

As noted above, we divided the patients into those treated
versus not treated with an ACEI/ARB based on the patients’
information at the time of surgery, and we compared several
clinicopathological characteristics between the two groups.
The χ2 test was used for categorical data, and the Mann-
WhitneyU test was applied for continuous variables.We com-
pared the groups’ RFS and DFS by determining the Kaplan-
Meier curves, and differences were evaluated with the log-
rank test. Univariate and multivariate analyses using a Cox-
proportional hazard model were performed to investigate the
factors affecting RFS in the clinical patient cohort, and a mul-
tivariate analysis was performed using factors with a p value
< 0.05 in the univariate analysis. In all of the statistics, differ-
ences with a p value < 0.05 were considered significant. All
statistical calculations were performed using JMP Pro 13 sta-
tistical software (SAS Institute Japan, Tokyo).

Results

The clinical cohort: the patients with left-sided CRC
in the ACEI/ARB+ group achieved significantly better
RFS

Of the 461 eligible patients, at the time of surgery, a total of
144 (31%) patients were taking an ACEI and/or ARB and 54
patients (12%) were taking aspirin. Ninety-four patients
(20%) had recurrences during the median-follow up period
of 57 months. The clinicopathological features of the
ACEI/ARB+ group and ACEI/ARB− group are summarized
in Table 1, and the details of the patients taking anti-
hypertensive drugs or aspirin are shown in Table 2.

The patients who were taking an ACEI/ARB were signif-
icantly more likely to be older (> 75 years) and to have poorly
differentiated CRC (p = 0.003 and 0.021, respectively). The
other clinicopathological features were not significantly dif-
ferent between the patient who were using an ACEI/ARB and
those who were not (Table 3).

The Kaplan-Meier curves showed a trend toward improved
RFS in the ACEI/ARB+ patients compared to the ACEI/ARB
− patients (5-year RFS; 81% vs 74%, p = 0.063, Fig. 1a).
Because recent studies have suggested that the etiology and
biology differ between right-sided and left-sided colorectums,
we evaluated the impact of ACEI/ARB intake in subgroups of
right-sided colon and left-sided colon cases [21]. Intriguingly,
the RFS was significantly better among the patients with left-

sided CRC in the ACEI/ARB+ group compared to those in the
ACEI/ARB− group (5-year RFS; 84% vs 73%, p = 0.030, Fig.
1b), although this difference was not observed in the patients
with right-sided CRC (5-year RFS; 77% vs 77%, p = 0.876,
Fig. 1c).

The clinical cohort: the stage I patients
in the ACEI/ARB intake group had significantly better
RFS

We next evaluated the effect of ACEI/ARB intake at each
CRC stage. The Kaplan-Meier curves revealed significantly
better RFS in the stage I patients in the ACEI/ARB+ group
(n = 43) compared to the stage I patients in the ACEI/ARB−
group (n = 71) (5-year RFS; 100% vs 82%, p = 0.009, Fig.

Table 1 Clinicopathological features of the clinical and public database
cohorts of patients with colorectal cancer involved in this study

Clinical cohort N GSE39582 GSE17536
Characteristics N = 461 (%) N = 562 (%) N = 176 (%)

Gender
Male 268 (58) 307 (55) 92 (52)
Female 193 (42) 255 (45) 84 (48)

Age (years)
< 75 308 (67) 396 (70) 132 (75)
≥ 75 153 (33) 165 (29) 44 (25)
Unavailable 1 (0) –

Tumor location
Right-sided colon 154 (33) 222 (40) –
Left-sided colon 165 (36) 340 (60) –
Rectum 142 (31) 0 (0) –

Tumor size (mm)
< 50 291 (63) – –
≥ 50 162 (35) – –
Unavailable 8 (2) – –

Tumor depth
T1–2 148 (32) 56 (10) –
T3–4 313 (68) 486 (86) –
Unavailable 20 (4) –

Histology (differentiation)
Well/moderate 436 (95) – 143 (81)
Poor 25 (5) – 19 (11)
Unavailable 14 (8)

Lymphovascular invasion
Negative 137 (30) – –
Positive 322 (70) – –
Unavailable 2 (0) – –

LN metastases
Negative 300 (65) 298 (53) –
Positive 161 (35) 244 (43) –
Unavailable 20 (4) –

Tumor stage
I 114 (25) 33 (6) 28 (16)
II 186 (40) 264 (47) 72 (41)
III 161 (35) 205 (36) 76 (43)
IV – 60 (11) –

Serum CEA (ng/mL)
< 5 317 (69) – –
≥ 5 141 (31) – –
Unavailable 3 (1) – –

Adjuvant chemotherapy
Absent 364 (79) 312 (56) –
Present 94 (20) 233 (41) –
Unavailable 3 (1) 17 (3) –

LN lymph node, CEA carcinoembryonic antigen
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1d). No significant difference was observed in the stage II (5-
year RFS; 84% vs 80%, p = 0.442, Fig. 1e) or stage III patients
(5-year RFS; 64% vs 63%, p = 0.636, Fig. 1f).

Univariate andmultivariate analyses for RFS in stage I
and left-sided CRC

We used a Cox proportional hazard model to examine the
stage I CRC cases and the left-sided CRC cases to investigate
the factors affecting RFS. In the stage I CRC patients (n =
114), the univariate analysis showed that only ACEI/ARB
intake was significantly associated with decreased RFS: haz-
ard ratio (HR), not available (NA); 95% confidence interval
(CI), 0.31; p < 0.001 (Table 4).

In the left-sided CRC patients (n = 307), the following fac-
tors were significantly associated with RFS: tumor depth (T3/
4) (HR 1.95; 95%CI 1.11–3.67, p = 0.020), presence of lymph
node metastases (HR 2.48; 95%CI 1.51–4.12, p < 0.001), se-
rum CEA (> 5 ng/ml) (HR 1.79; 95%CI 1.07–2.95, p =
0.027), and ACEI/ARB intake (HR 0.51; 95%CI 0.26–0.92,
p = 0.023). The results of the multivariate analysis revealed
that the presence of lymph node metastases (HR 2.39; 95%CI
1.44–4.01, p < 0.001) and ACEI/ARB intake (HR 0.54;
95%CI 0.28–0.99, p = 0.045) were independently associated
with RFS in left-sided CRC.

Table 2 The number of
the patients taking anti-
hypertensive drugs and
aspirin in the clinical co-
hort of patients with co-
lorectal cancer

Drugs No.

ACEI 4

ARB 35

ACEI+ARB 1

CC 43

BB 13

CC+BB 8

ACEI/ARB+CC 77

ACEI/ARB+BB 13

ACEI/ARB+CC+BB 14

Aspirin 54

ACEI angiotensin I converting enzyme in-
hibitor, ARB angiotensin II receptor
blocker, CC calcium channel blocker, BB
beta blocker

Table 3 The differences of
clinicopathological features
between ACEI/ARB+ group and
ACEI/ARB− group

Characteristics ACEI/ARB

Absent, N = 317 (%) Present, N = 144 (%) P value

Gender 0.884
Male 185 (58) 83 (58)
Female 132 (42) 61 (42)

Age (years) 0.003
< 75 226 (71) 82 (57)
> 75 91 (29) 62 (43)

Tumor location 0.538
Right side 103 (32) 51 (35)
Left side 214 (68) 93 (65)

Tumor size (mm) 0.075
< 50 192 (62) 99 (70)
> 50 120 (38) 42 (30)

Tumor depth 0.214
T1–2 96 (30) 52 (36)
T3–4 221 (70) 92 (64)

Histology (differentiation) 0.021
Well/moderate 305 (96) 131 (91)
Poor 12 (4) 13 (9)

Lymphovascular invasion 0.508
Negative 91 (29) 46 (32)
Positive 224 (71) 98 (68)

LN metastases 0.786
Negative 205 (65) 95 (66)
Positive 112 (35) 49 (34)

Stage 0.201
I 71 (22) 43 (30)
II 134 (42) 52 (36)
III 112 (35) 49 (34)

Serum CEA (ng/ml) 0.823
< 5 217 (69) 100 (70)
> 5 98 (31) 43 (30)
Adjuvant chemotherapy 0.256
Absent 245 (78) 119 (83)
Present 69 (22) 25 (17)

ACEI angiotensin I converting enzyme inhibitor, ARB angiotensin II receptor blocker, LN lymph node, CEA
carcinoembryonic antigen
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Fig. 1 Kaplan-Meier curves comparing recurrence-free survival (RFS)
between theACEI/ARB+ andACEI/ARB− groups in CRC. a In the stage
I–III CRC cases, the ACEI/ARB+ patients showed a trend toward im-
proved RFS compared to the ACEI/ARB− patients (p = 0.063). b In the
left-sided CRC cases, the ACEI/ARB+ patients showed significantly im-
proved RFS compared to the ACEI/ARB− patients (p = 0.030). c In the
right-sided CRC cases, the RFS was not significantly different between

the ACEI/ARB+ and ACEI/ARB− patients (p = 0.876). d In the stage I
CRC cases, the ACEI/ARB+ patients showed significantly improved
RFS compared to the ACEI/ARB− patients (p = 0.009). e In the stage II
CRC cases, the RFS was not significantly different between the
ACEI/ARB+ and ACEI/ARB− patients (p = 0.442). f In stage III CRC,
the RFS was not significantly different between the ACEI/ARB+ and
ACEI/ARB− patients (p = 0.636)
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The public datasets: AGTR1 expression was
significantly up-regulated in metastatic colon cancer
and distal colon

We first compared the levels of ATGR1 expression between
non-metastatic and metastatic colon cancer in the GSE39582
dataset, and we observed that the expression levels of ATGR1
were highly up-regulated in metastatic CRC compared to non-
metastatic colon cancer (p = 0.017, Fig. 2a). This result sup-
ports the notion that ATGR1 expression is associated with
metastases of colon cancer. Then, because ACEI/ARB intake
was associated with decreased tumor recurrence in the left-
sided colorectum, we also evaluated the difference in the ex-
pression levels of ATGR1 between the proximal colon cases
and the distal colon cases in the public datasets. Intriguingly,
the levels of ATGR1 expression were significantly up-
regulated in the distal colon compared to the proximal colon
(p = 0.048, Fig. 2b), suggesting that angiotensin signaling was
more activated in left-sided colon than in right-sided colon.

The public datasets: AGTR1 expression was associated
with CRC recurrence

The Kaplan-Meier curves showed that high ATGR1 expres-
sion was significantly associated with poor RFS (p < 0.001,
Fig. 2c) among the stage I–III colon cancer patients in the
GSE39582 dataset. We tested this result in the other CRC

dataset (GSE17536) and observed that it was consistent with
the GSE39582 dataset finding; i.e., high levels of ATGR1
expression were significantly correlated with decreased DFS
in stage I–III colon cancers (p = 0.023, Fig. 2d).

Discussions

Surgical removal is the main treatment for non-metastatic
CRC, but even after curative resection, we sometimes encoun-
ter tumor recurrence, particularly in advanced-stage CRC. For
advanced stage CRC, adjuvant chemotherapy is recommend-
ed to reduce the likelihood of tumor recurrence [4]. However,
patients often suffer from side effects of such chemotherapy,
and the use of an alternative therapy may be necessary.

The involvement of the renin-angiotensin system has been
proposed in the progression of various types of cancers includ-
ing CRC, and it has been shown that AGTR1 may be a prom-
ising target in the treatment of CRC [6–9, 22, 23]. Intriguingly,
the results of our present analyses revealed that AGTR1 ex-
pression was significantly associated with tumor recurrence in
two large public CRC datasets.

ACEIs and ARBs are commonly used anti-hypertensive
drugs. ACEIs suppress angiotensin II production, and ARBs
block AT1. These drugs thus have the potential to suppress
tumor progression in CRC. In both in vivo and in vitro studies,
angiotensin-signaling regulated tumor proliferation or

Table 4 Uni- and multivariate analyses using Cox-proportional hazard model for 5-year RFS in patients with stage I and left-sided colorectal cancer

Stage I Left side

Analyses Univariate Univariate Multivariate

Variables HR 95%CI P value HR 95%CI P value HR 95%CI P value

Gender
Female/Male

0.29 0.04–1.12 0.076 0.80 0.46–1.35 0.421 – – –

Age
≥ 75/< 75 (years)

0.48 0.07–1.85 0.308 0.90 0.48–1.56 0.707 – – –

Tumor location
Left side/right side

2.13 0.55–14.0 0.298 – – – – – –

Tumor diameter
≥ 50/< 50 (mm)

4.38 0.94–15.8 0.058 1.64 0.98–2.70 0.058 – – –

Tumor depth-1
T2/T1

1.47 0.44–5.10 0.524 – – – – – –

Tumor depth-2
T3–4/T1–2

– – – 1.95 1.11–3.67 0.020 1.43 0.79–2.76 0.244

Histology (differentiation)
Poor/well-moderate

NA 8.41 0.480 2.55 0.77–6.21 0.111 – – –

Lymphovascular invasion
Positive/negative

1.28 0.38–4.44 0.686 1.48 0.84–2.79 0.180 – – –

LN metastases
Positive/negative

– – – 2.48 1.51–4.12 < 0.001 2.39 1.44–4.01 < 0.001

Serum CEA
≥ 5/< 5 (ng/mL)

2.99 0.65–10.4 0.142 1.79 1.07–2.95 0.027 1.53 0.90–2.57 0.116

Adjuvant chemotherapy
Present/absent

– – – 1.05 0.58–1.82 0.865 – – –

ACEI/ARB
Present/absent

NA 0.31 0.001 0.51 0.26–0.92 0.023 0.54 0.28–0.99 0.045

ACEI angiotensin I converting enzyme inhibitor, ARB angiotensin II receptor blocker, LN lymph node, CEA carcinoembryonic antigen, NA not available
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metastases by controlling angiogenesis [12, 13]. Several studies
have demonstrated an interaction between angiotensin signaling
and VEGF signaling, and the concentration of angiotensinogen
in the blood can be a marker for predicting the patient response
to anti-VEGF therapy [5, 10, 24]. In addition, large epidemio-
logical studies have shown a preventative effect of ACEI/ARB
against the incidence of CRC [6, 15, 16].

Regarding the association between ACEI/ARB and surviv-
al, a meta-analysis revealed that among patients with several
types of cancers (e.g., renal cell carcinomas, pancreatic cancer,
and gastric cancer), the ACEI/ARB users achieved signifi-
cantly better overall survival, whereas in CRC, only a trend
toward better overall survival was shown [25]. However, be-
cause patients who take ACEIs/ARBs usually have more co-
morbidities compared to those who do not, the overall survival
might be not the appropriate outcome for investigation. We
therefore examined the effect of ACEI/ARB on tumor recur-
rence, and to our knowledge, this is the first study showing a
positive impact of ACEIs/ARBs on reducing tumor recur-
rence in CRC patients.

Our analyses revealed two important findings. First, the use
of ACEIs/ARBs made a significant contribution to decreasing
tumor recurrence in the patients with early CRCs but not in
those with advanced CRCs. This result suggests that ACEIs/
ARBs may have some effect against tumor recurrence, but
their preventative effect is not so strong that it reduces tumor
recurrence in advanced CRCs. Conventional adjuvant chemo-
therapy may thus be necessary to reduce tumor recurrence in
patients with advanced CRC. Our finding is supported by the
result of a study in which a more marked reduction in cancer-
specific mortality was observed in early-stage CRC compared
to advanced-stage CRC with ACEIs [25].

Our second important finding is that the ACEI/ARB use
had a significant impact in patients with left-sided CRCs.
Right-sided and left-sided CRCs are now known to be embry-
ologically and genetically different, and the effects of chemo-
therapies differ between them [21]. Consistent with this, we
observed that the expression levels of AGTR1 were signifi-
cantly up-regulated in the left-sided CRCs compared to the
right-sided CRCs. It can thus be speculated that angiotensin
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signaling may be more activated in left-sided CRCs, and that
ACEIs/ARBs’ preventative effect against tumor recurrence
had much more impact in left-sided CRCs compared to
right-sided CRCs. This speculation is supported by the results
of studies that used an in-silico approach to investigate poten-
tial therapeutic drugs; ARBs were revealed as a potential can-
didate treatment for KRAS wild-type CRC (which is more
dominant in left-sided CRCs) [26, 27]. However, we did not
have access to the information about RAS mutation in the
present cohort, and this finding remains to be confirmed in
future studies.

In addition, patients who takeACEIs and/or ARBs are often
prescribed other types of anti-hypertensive drugs or anti-
coagulative drugs such as aspirin, because hypertension some-
times causes cardiovascular disease. The results of several
studies indicated an anti-tumorigenic or anti-tumor prolifera-
tion effect of anti-hypertensive drugs (including beta-blockers
and aspirin) [6, 28–30]; we therefore also investigated the im-
pacts of these drugs on tumor recurrence. Our results showed
no effect of calcium channel blocker, beta-blocker, or aspirin
on the recurrence-free survival rate in CRC (data not shown).

We acknowledge several limitations of this study. It was a
retrospective analysis, and we could not evaluate the effect of
ACEIs and ARBs separately. We also could not determine the
dose-response relationships because of the limited number of
patients. Large-scale prospective studies are needed to con-
firm our findings.

In conclusion, the use of ACEIs/ARBs may have a positive
impact on the reduction of the likelihood of tumor recurrence
in CRC, particularly among left-sided CRC and early-stage
CRC cases.
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