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ABSTRACT

Background and purpose: The aim of this study was to assess the effect of angiotensin-converting enzyme
inhibitors (ACEIs) and angiotensin receptor blockers (ARBs) on tumor response to preoperative chemora-
diation for rectal cancer.
Materials and methods: Data on patients who received chemoradiation prior to surgery for rectal cancer
between 2010 and 2015 were retrieved from linkage between the PHARMO Database Network, Dutch
Pathology Registry and Netherlands Cancer Registry. Pathological complete response rates (pCR) were
compared between patients who did or did not use ACEIs/ARBs during treatment. Multivariable analysis
was performed using logistic regression.
Results: Out of 345 patients, 92 patients (26.7%) used ACEIs/ARBs during treatment. Median age was
65 years (range 30-85). Older and male patients were more likely to use ACEIs/ARBs. pCR (ypTONO)
was observed in 17.4% of patients using ACEIs/ARBs compared to 14.6% of patients who did not use
ACEIs/ARBs (p = 0.595). A good response (ypTO-1NO) was observed in 21.7% of ACEIs/ARBs patients vs.
19.4% of patients who did not use ACEIs/ARBs (p = 0.724). Multivariable analysis, taking into account
background variables and co-medication, showed increased pCR in patients using beta-blockers (odds
ratio 2.3, 95% confidence interval 1.0-5.4).
Conclusion: In this retrospective cohort, the use of ACEIs/ARBs was not associated with tumor response to
preoperative chemoradiation in rectal cancer patients. Thereby, the suggested potentiating effect of
ACEIS/ARBs could not be confirmed in our study. Further research could be directed to investigate a pos-
sible benefit of beta-blockers or other anti-hypertensive drugs.

© 2019 Elsevier B.V. All rights reserved. Radiotherapy and Oncology 138 (2019) 86-92

Rectal cancer is one of the most common cancers worldwide
and accounts for one third of colorectal cancer cases [1]. Rectal
cancer patients are treated by surgery with or without (chemo)ra-
diation, depending on tumor stage, location and size [2]. Preoper-
ative chemoradiation (CRT) is used to downstage the tumor,
which is associated with improved oncological outcomes [3,4].
Unfortunately, only 50% of patients respond to preoperative treat-
ment and a minority of patients even show progression during
treatment [5,6]. Therefore, it is important to identify factors that
could potentially influence tumor response to CRT in rectal cancer.

Angiotensin-converting enzyme inhibitors (ACEls) and angio-
tensin receptor blockers (ARBs) are inhibitors of the renin-
angiotensin system and are commonly subscribed as antihyperten-
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sive treatment [7]. In addition to a blood pressure regulatory effect,
ACEIs are thought to block angiogenesis and have been hypothe-
sized to have a mediating effect on the immune response associ-
ated with cancer [8]. Several recent studies have reported a
potential beneficial effect of the use of ACEIs and ARBs during
anti-cancer treatment. Some studies reported a decreased cancer
risk in patients using ACEIs or ARBs [9,10], others reported a reduc-
tion in cancer recurrence [11,12] or improved cancer survival
[13-15]. However, a beneficial effect of the use of ACEIs or ARBs
was not confirmed in all studies [16-18].

Morris et al. recently published data from two independent small
databases of rectal cancer patients in which 25 and 49 patients
respectively used ACEIs or ARBs. The authors found a threefold
increase in pathological complete response rates following preoper-
ative (chemo)radiation in patients using ACEIs or ARBs [19]. This
was the first study to suggest a relation between the incidental
use of ACEIs and ARBs and tumor response in rectal cancer patients.
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We hypothesized that the use of ACEIs/ARBs could potentiate
the effects of CRT on rectal cancer thanks to an effect on angiogen-
esis, thereby possibly improving tumor perfusion and chemother-
apeutic delivery. With the current study, we aimed to investigate
the effect of ACElIs and ARBs on tumor response to preoperative
CRT in rectal cancer patients in a large population based cohort.

Pharmacological mechanism of angiotensin-converting
enzyme inhibitors and angiotensin receptor blockers

Angiotensin-converting enzyme inhibitors (ACEls) and angio-
tensin receptor blockers (ARBs) act as inhibitors on the renin-
angiotensin system. Renin (produced in the kidney) stimu-
lates the conversion of angiotensinogen into Angiotensin I.
Angiotensin-converting enzyme (ACE) subsequently converts
the hormone angiotensin | to the active vasoconstrictor
angiotensin Il. Angiotensin Il has a direct effect on vascular
smooth muscle and induces vasoconstriction. By blocking
the formation of angiotensin Il ACEls and ARBs induce the
following effects:
— vasodilatation and inhibition of the
metabolism.
— down regulation of the sympathetic adrenergic activity.
— induction of natriuretic and diuretic effects, reducing
blood volume, venous pressure and arterial pressure.

bradykinin

In cancer patients, the use of AIEs/ARBs has been hypoth-
esized to block tumor angiogenesis, thereby lowering the risk
of cancer. However, findings in the literature have not been
consistent. Small retrospective clinical studies have sug-
gested a possible potentiating effect of the use of ACEls/ARBs
concurrent with (chemo)radiation therapy.

Materials and methods

Data from patients with histologically confirmed rectal cancer
between 2010 and 2015 were obtained from PALGA, the nation-
wide network and registry of histo- and cytopathology in the
Netherlands which contains data of all histological, cytological,
and autopsy examinations[20]. PALGA achieves complete national
coverage since 1990 and is the basis for the Netherlands Cancer
Registry (NCR). Records from PALGA were linked to the PHARMO
Database Network. The PHARMO Database Network is a
population-based network of electronic healthcare databases and
combines data from different primary and secondary healthcare
settings in the Netherlands, covering more than 4 million (25%)
residents of a well-defined population in the Netherlands [21,22].
For this study, the Out-patient Pharmacy Database was used to
obtain information on dispensed medication. The Out-patient
Pharmacy Database comprises GP or specialist prescribed health-
care products dispensed by the out-patient pharmacy. The disper-
sion records include information on type of product, date, strength,
dosage regimen, quantity, route of administration, prescriber spe-
cialty and costs. Drug dispersions are coded according to the
WHO Anatomical Therapeutic Chemical (ATC) Classification Sys-
tem. Data from the NCR was used to obtain clinical information
and information on the administration of preoperative therapy.
In total, data were available for 5002 patients, of which data were
complete in all 3 registries for 971 patients.

In the Netherlands, between CRT and surgery a treatment inter-
val of >6 weeks is respected, whereas short course radiation ther-
apy (5 x 5 Gy) is generally followed by surgery within one week.
Because pathological response of rectal cancer is dependent on
the time interval between (chemo)radiation and surgery [5,23],
we decided to include patients who received CRT only.

Statistics

Statistical analyses were performed using SPSS software version
22. The use of ACEIs/ARBs was collected for the six months prior to
the diagnosis and for the three months after rectal cancer diagnosis
(i.e. during preoperative treatment). Baseline characteristics were
analyzed using the chi?-test, or, in case of an expected cell count
<5, the Fisher exact test or a Monte Carlo simulation (number of
samples 10,000) was used. Primary outcomes were a complete
(pCR) or good pathological response, defined as ypTONO and
ypTO-T1NO respectively. Tumor downsizing and nodal downstag-
ing were also studied. Downsizing was defined as a lower patho-
logical tumor category when compared to clinical tumor
category. Nodal downstaging was defined as a pNO in patients with
a clinical ¢N1 or cN2 category. Outcomes were compared between
the group of rectal cancer patients who used ACEIs/ARBs and the
group of rectal cancer patients who did not use these medications.
Multivariable analysis was performed to correct for possible con-
founding effects. The following frequently used co-medications of
ACEIs/ARBs have been described to potentially influence tumor
response in rectal cancer patients: statins, metformin, aspirin,
and were therefore evaluated as potentially confounders [24]. Vari-
ables were entered into the multivariable model based on clinical
significance and/or p-value of <0.1 during univariable analysis.

Results

A total of 971 rectal cancer patients were identified, of whom
345 received CRT. Baseline characteristics for rectal cancer patients
are displayed in Table 1. Median age was 65 years (range 30-85).
Ninety-two patients of the 345 patients (26.7%) used ACEIs/ARBs.
The type of ACEIs/ARBs used is presented in Supplementary
Table I. Older patients and male patients used ACEIs/ARBs signifi-
cantly more often than younger and female rectal cancer patients.
The mean age for patients using ACEI/ARBs was 67 years compared
to 62 years in patients who did not use those drugs (p < 0.001). Out
of all male patients, 32.4% used ACEI/ARBs compared with 17.4% of
female patients (p = 0.002). ACEI/ARB use was related to the use of
aspirin  (p<0.001), acenocoumarol (p<0.001), metformin
(p <0.001), statin (p < 0.001) and beta-blockers (p < 0.001).

Pathological complete response in rectal cancer patients

The overall pCR rate (ypTONO) in rectal cancer patients follow-
ing CRT was 15.4%. A pCR was found in 17.4% (N = 16) of patients
who used ACEIs/ARBs during treatment (Fig. 1 and Supplementary
Table I). This was not statistically different from patients who did
not use ACEIs/ARBs (14.6% [N = 37], p = 0.529). Multivariable anal-
ysis confirmed that there was no significant difference between the
use of ACEIs/ARBs and the pCR rate in rectal cancer patients under-
going CRT (Table 2). However, the use of beta-blockers was associ-
ated with an increased pCR: the PCR rate was 22.0% in patients
using beta-blockers vs. 13.3% in beta-blocker naive patients (OR
2.4 [95%CI 1.0-5.4]). Other drugs did not show a significant rela-
tion with pCR.

Pathological good response in rectal cancer patients

A good response (ypT0O-1NO) was found in 20.0% of patients.
Among patients who used ACEIs/ARBs during treatment, 21.7%
(N =20) had a good response (Fig. 1). This was not statistically dif-
ferent from patients who did not use ACEIs/ARBs during preopera-
tive CRT (19.4% [N=49], p=0.626). Multivariable analysis
confirmed that there was no significant relation (Table 3).
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Table 1
Characteristics for rectal cancer grouped according to ACE/ARB use.
ACE/ARB No ACE/ARB p-value
N 92 (%) N 253 (%)

Age, years; mean (95% CI) 67 (66-69) 62 (60-63) <0.001
0-59 12 (13.0) 94 (37.2)
60-74 58 (63.0) 130 (51.4)
>75 22 (23.9) 29 (11.5)

Sex 0.002
Male 69 (75.0) 144 (56.9)
Female 23 (25.0) 109 (43.1)

Year of diagnosis 0.525
2010-2012 47 (51.1) 139 (54.9)
2013-2015 45 (48.9) 114 (45.1)

Histology 0.203
AC 73 (94.8) 193 (89.8)
MC 3(3.9) 21(9.8)
Other 1(1.3) 1(0.5)
Unknown 15 38

cT 0.458
cT1 = 2(0.8)
cT2 11 (12.8) 20 (8.2)
cT3 68 (79.1) 194 (79.5)
cT4 7 (8.1) 28 (11.5)
cTx 6 9

ypT 0.294
ypTO 16 (17.4) 39 (15.5)
ypT1 4(43) 16 (6.3)
ypT2 36 (39.1) 72 (28.6)
ypT3 33 (35.9) 118 (46.8)
ypT4 3(3.3) 7(2.8)
ypTx - 1

cN 0.715
cNO 15 (18.5) 44 (18.1)
cN1 34 (42.0) 91 (37.4)
cN2 32 (39.5) 108 (44.4)
cNx 11 10

ypN 0.597
ypNO 64 (69.6) 174 (68.8)
ypN1 21 (22.8) 51 (20.2)
ypN2 7 (7.6) 28 (11.1)

Drug use during CRT

Acenocoumarol <0.001
Yes 14 (15.2) 9(3.6)
No 78 (84.8) 244 (96.4)

Aspirin <0.001
Yes 32 (34.8) 24 (9.5)
No 60 (65.2) 229 (90.5)

Statins <0.001
Yes 49 (53.3) 35 (13.8)
No 44 (46.7) 218 (86.2)

Metformin <0.001
Yes 17 (18.5) 11 (4.3)
No 75 (81.5) 242 (95.7)

Glitazones 1.000
Yes - 1(0.4)
No 92 (100) 252 (99.6)

Beta-blockers <0.001
Yes 49 (53.3) 33 (13.0)
No 43 (46.7) 220 (87.0)

Corticosteroids 0.213
Yes 9(9.8) 15 (5.9)
No 83 (90.2) 238 (94.1)

CRT, chemoradiation; ACEI, angiotensin-converting enzyme inhibitors; ARB,
angiotensin receptor blockers; OR, odds ratio; CI, confidence interval.

Tumor downsizing and nodal downstaging in rectal cancer patients

There were no differences in tumor downsizing or nodal down-
staging between rectal cancer patients who did or did not use
ACEIs/ARBs during treatment. Tumor downsizing was present in

30+

25

21.7%

204

15

Rate (%)

pCR (ypTONO)
OR0.80
(95%Cl 0.35-1.83)

- ACEls/ARBs
- No ACEls/ARBs

Fig. 1. Comparison of complete and good pathological response in rectal cancer
patients using ACEI/ARB vs. a control group of ACEI/ARB naive patients. ACEI,
angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor blockers; OR, odds
ratio; Cl, confidence interval.

Good response (ypT0-1NO)
ORO0.87
(95%C10.41-1.85)

41.3% of patient who used ACE/ARBs, and in 48.8% of patients
who did not (p = 0.162). Nodal downstaging was present in 28.8%
of ACE/ARB patients vs. 35.7% (p = 0.306).

Discussion

This retrospective cohort study demonstrated that the use of
ACEIs/ARBs is not related to tumor response to CRT in rectal cancer
patients. In the current era of organ sparing strategies in rectal can-
cer, there is an ongoing search for factors that may improve tumor
response to preoperative therapy [2]. Radiation therapy sorts its
effect through a deposit of energy in the tissue that induces DNA
damage directly or via degeneration of free radicals. The effect of
RT is different in tumor and normal tissues due to better DNA
repair mechanisms of the latter. The biological effect of RT is
dependent on several factors. The availability of anti-oxidants that
can disarm free radicals, the site and number of energy deposits
that take place in the cells and in the surrounding microenviron-
ment, the DNA recovery processes, and the time between two cell
divisions all have been demonstrated to influence the efficacy of RT
[25,26]. Previous research has shown that RT is up to three times
less effective in poorly oxygenized tissues, indicating that improv-
ing oxygenation of the tumor tissue can aid the chemical reactions
that induce DNA damage and/or prevent its repair [25,27]. The
importance of tumor oxygenation is supported by a multitude of
studies that have looked into methods such as the use of hyper-
thermia, oxygen-mimetic radiosensitizers, or induction of tumor
angiogenesis [25]. Recent reports in the literature have suggested
a beneficial effect of ACEIs/ARBs on colorectal cancer treatment
by improving angiogenesis, and therefore we hypothesized that
the use of ACEIs/ARBs might also potentiate the effects of CRT in
rectal cancer. Results from the current population-based study,
however, did not confirm this hypothesis since there was no signif-
icant correlation between the use of ACEIs/ARBs and pathological
response rates.

The outcomes of the present study contradict findings of a
recent pilot study by Morris et al. [19]. Results from that study
demonstrated a three-fold increase in the rate of pCR to
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Table 2
Multivariable analysis complete pathological response (pCR; ypTONO).

Univariable Multivariable
Factor N pCR (%) p-value OR 95% ClI Adjusted p-value
Age, years 0.380
0-59 106 113
60-74 188 17.0
>75 51 17.6
Sex 0.314
Male 213 16.9
Female 132 12.9
Year of diagnosis 0.864
2010-2012 186 15.1
2013-2015 159 15.7
cT 0.371 0.402
cT1-cT2 33 21.2 1.00
cT3 262 149 0.67 0.25-1.80
cT4 35 8.6 0.36 0.08-1.60
cN 0.324 0.392
cNO 59 22.0 1.00
cN1 125 13.6 0.54 0.22-1.33
cN2 140 15.0 0.63 0.27-1.48
Drug use during CRT
ACEIs/ARBs 0.529 0.80 0.35-1.83 0.595
Yes 92 17.4
No 253 14.6
Acenocoumarol 0.550
Yes 23 8.7
No 322 15.8
Aspirin 0.075 2.08 0.75-5.82 0.161
Yes 56 232
No 289 13.8
Statins 0.703 0.58 0.20-1.64 0.303
Yes 84 16.7
No 261 14.9
Metformin 0.594 0.64 0.13-3.16 0.586
Yes 28 10.7
No 317 15.8
Glitazones 0.154
Yes 1 100
No 344 15.1
Beta-blockers 0.058 234 1.01-5.41 0.047
Yes 82 22.0
No 263 133
Corticosteroids 0.773
Yes 24 16.7
No 321 15.3

CRT, chemoradiation; ACEI, angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor blockers; OR, odds ratio; CI, confidence interval.

preoperative (chemo)radiation in patients using ACEIs/ARBs (52%
vs. 17%). These findings were confirmed in an independent cohort
of patients, in which a two-fold increase in pCR was found (24% vs.
12%). There are several explanations for the discrepancy with our
findings. Firstly, clinical stage was lower in their study with a
greater proportion of patients being node negative (43.5-61.2%
vs. 18% in our study). Another discrepancy between the studies
concerns patient selection. We only selected patients who received
CRT, whereas Morris et al. also included patients undergoing radi-
ation therapy without concurrent chemotherapy. We have previ-
ously shown that CRT is associated with favorable pCR rates
compared with short-course radiation therapy followed by a long
treatment interval [5]. Since Morris et al. did not differentiate
between CRT and short-course radiation therapy, a lower instead
of higher pCR rate would be expected. Notably, the pCR rates of
52% in the subgroup of 25 patients as reported by Morris et al.
are higher than those reported in the literature [6], and cannot
be explained apart from chance due to low numbers. Finally,

Morris et al. selected patients from two hospitals only, and the
number of patients was smaller: 25 out of 115 patients used
ACEI/ARB in the first cohort of patients and 49 out of 186 patients
in the second cohort vs. 92 out of 345 in the current study. In the
present study, data were derived from large population-based
datasets, which might be less susceptible to selection bias.
Frequently used drugs were included in the multivariable
model to correct for possible confounding effects. pCR was found
more often in patients who used beta-blockers compared with
patients who did not (22.0% vs. 13.3%, p=0.022). However, the
use of beta-blockers was not equally distributed between the
groups: 53% of patients using ACEIs/ARBs used beta-blockers vs.
13% in the ACEIs/ARBs naive group (p < 0.001). A recent Swedish
population-based study showed improved survival outcomes and
less postoperative complications in patients using beta-blockers
prior to rectal cancer surgery [28]. That study, however did not
study the effect of preoperative therapy or tumor response, but
mainly demonstrated a reduction in perioperative complications.
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Table 3

Multivariable analysis good pathological response (ypT0-1NO) in rectal cancer patients.

Univariable

Multivariable

Factor N ypTO-1NO (%) p-value OR 95% CI Adjusted p-value
Age, years 0.646
0-59 106 17.0
60-74 188 213
>75 51 21.6
Sex 0.223
Male 213 22.1
Female 132 16.7
Year of diagnosis 0.552
2010-2012 186 18.8
2013-2015 159 214
cT 0.078 0.129
cT1-cT2 33 30.3 1.00
cT3 262 19.8 0.65 0.27-1.56
cT4 35 8.6 0.23 0.05-0.96
cN 0.119 0.159
cNO 59 30.5 1.00
cN1 125 184 0.50 0.23-1.11
cN2 140 18.6 0.50 0.23-1.08
Drug use during CRT
ACEIs/ARBs 0.626 0.87 0.41-1.85 0.724
Yes 92 21.7
No 253 19.4
Acenocoumarol 0.589
Yes 23 13.0
No 322 20.5
Aspirin 0.165 1.80 0.70-4.60 0.223
Yes 56 26.8
No 289 18.7
Statins 0.950 0.59 0.23-1.50 0.264
Yes 84 20.2
No 261 19.9
Metformin 0.430 0.70 0.18-2.73 0.609
Yes 28 14.3
No 317 20.5
Glitazones 0.200
Yes 1 100
No 344 19.8
Beta-blockers 0.146 1.94 0.90-4.17 0.091
Yes 82 25.6
No 263 18.3
Corticosteroids 0.797
Yes 24 16.7
No 321 20.2

CRT, chemoradiation; ACEI, angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor blockers; OR, odds ratio; CI, confidence interval.

Recent pre-clinical studies found anti-proliferative effects of beta-
blockers on human cancer cell lines from different origins, includ-
ing colorectal cancer [29-31]. Also, retrospective studies have
related the incidental use of beta-blockers to decreased tumor pro-
liferation and/or improved response rates in breast cancer and
meningioma patients [32,33]. The authors suggested that this ben-
eficial effect could be due to improvement of angiogenesis (thereby
improving tumor oxygenation and thus sensitivity for preoperative
therapy), an increase of oxidative stress or the induction of an anti-
tumor inflammatory response. However, as far as we are aware, no
prospective data are available and no clinical studies have been
performed to support these mechanisms for rectal cancer patients.
The use of beta-blockers was not the primary focus of this study
and further research is needed to evaluate the possible effect on
tumor response in rectal cancer.

Other concomitantly taken therapeutic agents have also been
described to have a potential effect on tumor response in rectal
cancer patients [24]. A schematic overview of the literature on

possible (chemo)radiation sensitizers is provided in Supplemen-
tary Table II. Retrospective studies have suggested that patients
receiving statins during rectal cancer treatment can have a 1.5 to
4-fold increase in pCR rates [34-36]. However, no prospective data
are available and other studies showed no benefit of statin use in
rectal cancer patients [19,37,38]. Similarly, increased pCR rates
have been reported in patients using metformin. A clinical study
by Skinner et al. showed pCR rates up to 35% in diabetics taking
metformin, which was significantly higher than in non-diabetic
patients and in diabetics not using metformin (16.6% and 7.5%
respectively) [39]. However, the number of patients using met-
formin was low (N = 20), and the results should therefore be inter-
preted with caution because of a high risk of selection bias. Again,
other reports showed no increase in pCR [19,40]. In the current
study, multivariable analysis showed no association between the
use of metformin or statins and tumor response.

The use of aspirin is also being explored as a possible supple-
mentary agent for rectal cancer treatment. Three clinical studies
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have been conducted analyzing pathological response in rectal
cancer patients and showed no significant effect on pCR
[19,38,41]. Even though there was no significant effect on pCR, in
the prospective observational study by Restivo et al. the use of
aspirin was related to an increased rate of tumor downstaging
and good pathological responses (ypTO-1NO) [41]. The positive
effects of aspirin, including improved survival following rectal can-
cer treatment, have been correlated to the presence of a PIK3CA
mutation [42]. In the current study, an effect of aspirin on patho-
logical response was not observed. However, the number of
patients using aspirin might have been too small to demonstrate
an effect, keeping in mind that the PIK3CA mutation occurs in only
10-20% of colorectal cancer patients [43].

In the current study, we investigated the effect of ACEls and
ARBs on tumor response to preoperative CRT in rectal cancer
patients in a population based cohort. Data were derived from
three large prospective registries, providing the opportunity to link
data of drug dispersions to pathology and clinical data including
preoperative treatment. Exploring commonly described drugs as
possible RT sensitizers has the advantage that these medications
have proven to be relatively safe when administered to large
groups of patients and side effects are well-known. The present
study does however have its limitations. First, a large number of
patients (N =4031) could not be analyzed because data were not
available for all three registries. In addition, potential confounding
could be present because of the retrospective nature of the
analyses.

In conclusion, the use of ACEIs/ARBs was not related with tumor
response to CRT in rectal cancer patients. The use of beta-blockers
was not the primary focus of this study, but seemed to be related to
tumor response. Further specific research is required to confirm
whether the addition of beta-blockers to the standard treatment
regimen would be safe and would lead to improvement of oncolog-
ical outcomes.

Declaration of Competing Interest

None of the authors have conflicts of interests or funding to
declare related to the work presented in this manuscript.

Acknowledgments

We thank Cas Drabbe and Dagmar Folkertsma for their support
with data handling and analysis.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.radonc.2019.06.010.

References

[1] Brouwer NPM, Bos A, Lemmens V, et al. An overview of 25 years of incidence,
treatment and outcome of colorectal cancer patients. Int ] Cancer
2018;143:2758-66.

[2] Stijns RCH, Tromp MR, Hugen N, de Wilt JHW. Advances in organ preserving
strategies in rectal cancer patients. Eur ] Surg Oncol 2018;44:209-19.

[3] Bosset JF, Collette L, Calais G, et al. Chemotherapy with preoperative
radiotherapy in rectal cancer. N Engl ] Med 2006;355:1114-23.

[4] Gerard JP, Conroy T, Bonnetain F, et al. Preoperative radiotherapy with or
without concurrent fluorouracil and leucovorin in T3-4 rectal cancers: results
of FFCD 9203. J Clin Oncol 2006;24:4620-5.

[5] Rombouts AJM, Hugen N, Verhoeven RHA, et al. Tumor response after long
interval comparing 5x5Gy radiation therapy with chemoradiation therapy in
rectal cancer patients. Eur ] Surg Oncol 2018;44:1018-24.

[6] Maas M, Nelemans PJ, Valentini V, et al. Long-term outcome in patients with a
pathological complete response after chemoradiation for rectal cancer: a
pooled analysis of individual patient data. Lancet Oncol 2010;11:835-44.

[7] van Vark LC, Bertrand M, Akkerhuis KM, et al. Angiotensin-converting enzyme
inhibitors reduce mortality in hypertension: a meta-analysis of randomized

clinical trials of renin-angiotensin-aldosterone system inhibitors involving

158,998 patients. Eur Heart ] 2012;33:2088-97.

Okwan-Duodu D, Landry |, Shen XZ, Diaz R. Angiotensin-converting enzyme

and the tumor microenvironment: mechanisms beyond angiogenesis. Am ]

Physiol Regul Integr Comp Physiol 2013;305:R205-15.

van der Knaap R, Siemes C, Coebergh JW, van Duijn CM, Hofman A, Stricker BH.

Renin-angiotensin system inhibitors, angiotensin I-converting enzyme gene

insertion/deletion polymorphism, and cancer: the Rotterdam Study. Cancer

2008;112:748-57.

[10] Chiang YY, Chen KB, Tsai TH, Tsai WC. Lowered cancer risk with ACE inhibitors/
ARBs: a population-based cohort study. J Clin Hypertens (Greenwich)
2014;16:27-33.

[11] Chae YK, Valsecchi ME, Kim ], et al. Reduced risk of breast cancer recurrence in
patients using ACE inhibitors, ARBs, and/or statins. Cancer Invest
2011;29:585-93.

[12] Song T, Choi CH, Kim MK, Kim ML, Yun BS, Seong SJ. The effect of angiotensin
system inhibitors (angiotensin-converting enzyme inhibitors or angiotensin
receptor blockers) on cancer recurrence and survival: a meta-analysis. Eur |
Cancer Prev 2016.

[13] Wilop S, von Hobe S, Crysandt M, Esser A, Osieka R, Jost E. Impact of
angiotensin I converting enzyme inhibitors and angiotensin II type 1 receptor
blockers on survival in patients with advanced non-small-cell lung cancer
undergoing first-line platinum-based chemotherapy. ] Cancer Res Clin Oncol
2009;135:1429-35.

[14] Nakai Y, Isayama H, Ijichi H, et al. Inhibition of renin-angiotensin system
affects prognosis of advanced pancreatic cancer receiving gemcitabine. Br ]
Cancer 2010;103:1644-8.

[15] Song T, Choi CH, Kim MK, Kim ML, Yun BS, Seong SJ. The effect of angiotensin
system inhibitors (angiotensin-converting enzyme inhibitors or angiotensin
receptor blockers) on cancer recurrence and survival: a meta-analysis. Eur ]
Cancer Prev 2017;26:78-85.

[16] ARB Trialists Collaboration. Effects of telmisartan, irbesartan, valsartan,
candesartan, and losartan on cancers in 15 trials enrolling 138,769
individuals. ] Hypertens 2011;29:623-35.

[17] Sipahi I, Debanne SM, Rowland DY, Simon DI, Fang JC. Angiotensin-receptor
blockade and risk of cancer: meta-analysis of randomised controlled trials.
Lancet Oncol 2010;11:627-36.

[18] Yoon C, Yang HS, Jeon I, Chang Y, Park SM. Use of angiotensin-converting-
enzyme inhibitors or angiotensin-receptor blockers and cancer risk: a meta-
analysis of observational studies. CMA] 2011;183:E1073-84.

[19] Morris ZS, Saha S, Magnuson W], et al. Increased tumor response to
neoadjuvant therapy among rectal cancer patients taking angiotensin-
converting enzyme inhibitors or angiotensin receptor blockers. Cancer
2016;122:2487-95.

[20] Casparie M, Tiebosch AT, Burger G, et al. Pathology databanking and biobanking
in The Netherlands, a central role for PALGA, the nationwide histopathology and
cytopathology data network and archive. Cell Oncol 2007;29:19-24.

[21] Herings RMC, Pedersen L. Pharmacy-based medical record linkage systems. In:
Strom BKS, Hennessy S, editors. Textbook of pharmacoepidemiology. West
Sussex, England: John Wiley & Sons, Ltd; 2012.

[22] van Herk-Sukel MP, van de Poll-Franse LV, Lemmens VE, et al. New
opportunities for drug outcomes research in cancer patients: the linkage of
the Eindhoven Cancer Registry and the PHARMO Record Linkage System. Eur J
Cancer 2010;46:395-404.

[23] Rombouts AJ, Hugen N, Elferink MA, Nagtegaal ID, de Wilt JH. Treatment
interval between neoadjuvant chemoradiotherapy and surgery in rectal cancer
patients: a population-based study. Ann Surg Oncol 2016;23:3593-601.

[24] Gash K], Chambers AC, Cotton DE, Williams AC, Thomas MG. Potentiating the
effects of radiotherapy in rectal cancer: the role of aspirin, statins and
metformin as adjuncts to therapy. Br J Cancer 2017;117:210-9.

[25] Rockwell S, Dobrucki IT, Kim EY, Marrison ST, Vu VT. Hypoxia and radiation
therapy: past history, ongoing research, and future promise. Curr Mol Med
2009;9:442-58.

[26] Baskar R, Dai J, Wenlong N, Yeo R, Yeoh KW. Biological response of cancer cells
to radiation treatment. Front Mol Biosci 2014;1:24.

[27] Carmeliet P, Jain RK. Molecular mechanisms and clinical applications of
angiogenesis. Nature 2011;473:298-307.

[28] Ahl R, Matthiessen P, Fang X, et al. beta-Blockade in rectal cancer surgery: a
simple measure of improving outcomes. Ann Surg 2018. Epub ahead of print
2018/07/27.

[29] Coelho M, Moz M, Correia G, Teixeira A, Medeiros R, Ribeiro L. Antiproliferative
effects of beta-blockers on human colorectal cancer cells. Oncol Rep
2015;33:2513-20.

[30] Wolter NE, Wolter JK, Enepekides DJ, Irwin MS. Propranolol as a novel
adjunctive treatment for head and neck squamous cell carcinoma. ]
Otolaryngol Head Neck Surg 2012;41:334-44.

[31] Stiles JM, Amaya C, Rains S, et al. Targeting of beta adrenergic receptors results
in therapeutic efficacy against models of hemangioendothelioma and
angiosarcoma. PLoS ONE 2013;8:e60021.

[32] Pintea B, Kinfe TM, Baumert BG, Bostrom J. Earlier and sustained response with
incidental use of cardiovascular drugs among patients with low- to medium-
grade meningiomas treated with radiosurgery (SRS) or stereotactic
radiotherapy (SRT). Radiother Oncol 2014;111:446-50.

[33] Montoya A, Amaya CN, Belmont A, et al. Use of non-selective beta-blockers is
associated with decreased tumor proliferative indices in early stage breast
cancer. Oncotarget 2017;8:6446-60.

(8

[9


https://doi.org/10.1016/j.radonc.2019.06.010
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0005
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0005
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0005
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0005
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0010
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0010
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0015
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0015
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0020
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0020
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0020
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0025
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0025
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0025
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0030
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0030
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0030
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0035
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0035
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0035
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0035
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0040
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0040
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0040
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0045
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0045
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0045
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0045
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0050
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0050
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0050
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0055
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0055
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0055
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0060
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0060
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0060
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0060
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0065
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0065
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0065
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0065
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0065
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0070
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0070
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0070
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0075
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0075
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0075
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0075
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0080
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0080
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0080
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0085
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0085
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0085
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0090
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0090
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0090
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0095
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0095
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0095
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0095
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0100
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0100
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0100
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0105
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0105
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0105
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0110
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0110
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0110
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0110
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0115
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0115
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0115
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0120
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0120
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0120
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0125
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0125
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0125
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0130
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0130
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0135
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0135
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0140
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0140
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0140
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0145
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0145
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0145
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0150
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0150
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0150
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0155
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0155
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0155
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0160
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0160
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0160
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0160
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0165
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0165
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0165

92 ACE-inhibitors and tumor response in rectal cancer

[34] Armstrong D, Raissouni S, Price Hiller ], et al. Predictors of pathologic complete
response after neoadjuvant treatment for rectal cancer: a multicenter study.
Clin Colorectal Cancer 2015;14:291-5.

[35] Katz MS, Minsky BD, Saltz LB, Riedel E, Chessin DB, Guillem ]G. Association of
statin use with a pathologic complete response to neoadjuvant
chemoradiation for rectal cancer. Int ] Radiat Oncol Biol Phys
2005;62:1363-70.

[36] Mace AG, Gantt GA, Skacel M, Pai R, Hammel JP, Kalady MF. Statin therapy is
associated with improved pathologic response to neoadjuvant chemoradiation
in rectal cancer. Dis Colon Rectum 2013;56:1217-27.

[37] Cuaron ], Pei X, Cohen GN, et al. Statin use not associated with improved
outcomes in patients treated with brachytherapy for prostate cancer.
Brachytherapy 2015;14:179-84.

[38] Hardie C, Jung Y, Jameson M. Effect of statin and aspirin use on toxicity and
pathological complete response rate of neo-adjuvant chemoradiation for rectal
cancer. Asia Pac ] Clin Oncol 2016;12:167-73.

[39] Skinner HD, Crane CH, Garrett CR, et al. Metformin use and improved response
to therapy in rectal cancer. Cancer Med 2013;2:99-107.

[40] Oh BY, Park YA, Huh JW, et al. Metformin enhances the response to
radiotherapy in diabetic patients with rectal cancer. ] Cancer Res Clin Oncol
2016;142:1377-85.

[41] Restivo A, Cocco IM, Casula G, et al. Aspirin as a neoadjuvant agent during
preoperative chemoradiation for rectal cancer. Br ] Cancer 2015;113:1133-9.

[42] Liao X, Lochhead P, Nishihara R, et al. Aspirin use, tumor PIK3CA mutation, and
colorectal-cancer survival. N Engl ] Med 2012;367:1596-606.

[43] Cathomas G. PIK3CA in colorectal cancer. Front Oncol 2014;4:35.


http://refhub.elsevier.com/S0167-8140(19)32946-9/h0170
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0170
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0170
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0175
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0175
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0175
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0175
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0180
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0180
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0180
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0185
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0185
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0185
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0190
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0190
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0190
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0195
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0195
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0200
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0200
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0200
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0205
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0205
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0210
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0210
http://refhub.elsevier.com/S0167-8140(19)32946-9/h0215

	Is preoperative chemoradiation in rectal cancer patients modulated by ACE inhibitors? Results from the Dutch Cancer Registry
	Materials and methods
	Statistics

	Results
	Pathological complete response in rectal cancer patients
	Pathological good response in rectal cancer patients
	Tumor downsizing and nodal downstaging in rectal cancer patients

	Discussion
	Declaration of Competing Interest
	Acknowledgments
	Appendix A Supplementary data
	References


