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Abstract

Background Arterial hypertension is one of the most frequent comorbidities in patients with cancer. Studies
have indicated that drugs used to control hypertension may alter cancer patient survival; however, epidemiologi-
cal findings for their impact on cancer survival remain inconsistent. The aim of this study was to examine the effect
of the consumption of antihypertensive (AH) medication on the risk of death in cancer patients.

Methods The association between 1-year postdiagnostic AH medication intake and the risk of death was examined
in a population-based cohort of cancer patients including colorectal (N=1104), lung (N=344), melanoma (N=334),
corpus uteri (N=832) and kidney cancer (N=714), diagnosed between 2013 and 2015, and identified from the Lithu-
anian Cancer Registry. Multivariate Cox proportional hazards models were used to estimate hazard ratios (HRs),

and corresponding 95% confidence intervals (95% Cl) to assess associations between AH medications and cancer-
specific and overall mortality.

Results We found a statistically significant decrease in mortality among colorectal cancer patients who were users

of angiotensin receptor blockers (ARBs) (HR: 0.68, 95% Cl: 0.47-0.98) or angiotensin converting enzyme inhibitors
(ACEls) (HR: 0.69, 95% Cl: 0.52-0.91). A higher usage of ARBs and ACEIls was related to further improved colorectal can-
cer survival (HR 0.62, 95% Cl: 0.39-1.00 and HR 0.60, 95% Cl: 0.42-0.86, respectively). The subgroup analyses also dem-
onstrated significantly better cancer specific survival in ARB users and ACEI users versus non-users in colorectal cancer
patients with adenocarcinoma, surgery treatment, chemotherapy treatment and ARB or ACEI use before diagnosis.
The results suggest a lower mortality among colorectal cancer patients with a higher usage of diuretics. Increased
cancer-specific mortality was observed among corpus uteri cancer patients using ARBs and among melanoma
patients using beta blockers (BBs), however, there was no evidence of consistent statistically significant associations

in subgroup analyses.

Conclusion This study supports a link between ARB and ACEI use and increased survival among colorectal cancer
patients. Further research is needed to provide a detailed evaluation of the effects of AH medications on cancer
survival.
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Introduction

Arterial hypertension is one of the most frequently
reported comorbidities in patients with cancer. Cancer
and hypertension have common risk factors, overlapping
pathophysiological mechanisms; also, hypertension may
be a risk factor for some cancer types [1, 2]. Both hyper-
tension and cancer are more prevalent in the elderly
population. Observational data suggest that the lifetime
risk of developing hypertension is >90% for an individual
aged 55 to 65 years [3]. In Lithuanian adults aged 65 and
older, 70% of women and 56% of men have hypertension
[4].

Treatment of hypertension in cancer patients is guided
by guidelines for the general population [1, 5, 6]. In
Lithuania, for anticancer therapy-induced cardiac dam-
age treatment or for cardiac protection during antican-
cer therapies, the 2022 European Society of Cardiology
Guidelines on cardio-oncology are used [6]. The Guide-
lines recommend angiotensin-converting enzyme inhibi-
tors (ACEI) and angiotensin-II receptor blockers (ARB)
as first-line therapy to reduce the risk of cancer therapy-
related cardiac dysfunction [6]. Furthermore, as recom-
mended [6], the cancer survivors are treated according
to the 2018 European Society of Cardiology (ESC)/Euro-
pean Society of Hypertension (ESH) Guidelines for the
management of arterial hypertension [5], using the first-
line antihypertensive therapies, including renin-angio-
tensin system inhibitors (RASi), beta-adrenergic receptor
antagonists (beta blockers, BBs), dihydropyridine cal-
cium channel blockers (CCBs), and thiazide or thiazide-
like diuretics.

Evidence indicates that drugs used for the control of
hypertension may alter cancer patient survival. Sev-
eral mechanisms of the relationship between AH medi-
cations and cancer have been proposed, although the
findings are still inconsistent [7]. Studies have reported
that antihypertensive (AH) medications can decrease
the proliferation, angiogenesis, invasion and/or metas-
tasis by inhibiting vascular endothelial growth factor
(VEGF) expression, affecting the apoptotic activity of
malignant cells or interfering with intracellular calcium
levels/distribution [7-10]. Multiple studies have evalu-
ated AH medications in association with cancer survival,
but the results have been mixed [11-21]. Similarly, sys-
tematic reviews or meta-analyses of BBs, ACEIs, ARBs,
CCBs, and/or diuretics found no association [14, 22], or
improved or reduced cancer-specific survival [17, 23-26].
Notably, some of the individual studies were restricted to

participants recruited from a single centre, or to patients
who had early stage or metastatic cancer [11], or had
undergone chemotherapy, immune checkpoint inhibitors
(ICI) or surgery treatment [15, 18, 19]. Compared with
national registry-based studies, cancer patients included
in studies of monocentric hospital-acquired data may not
be representative of the general cancer patient popula-
tion. Furthermore, misclassification of drug exposure
might have occurred when hospital medical records were
used as an information source on drug intake. In addi-
tion, comorbidities and simultaneous use of several dif-
ferent drugs can also be a challenge for studies on AH
medications. In the present study, in order to address the
issues of generalizability, drug exposure misclassification
and simultaneous use of several medications, we used a
nationwide cohort of cancer patients and data from the
National Health Insurance Fund (NHIF) on all purchases
of physician-prescribed AH medications, antidiabetic
medicines, statins and anticoagulants.

Colorectal, lung, corpus uteri, kidney cancer and mel-
anoma are among the most common cancers in Europe
and Lithuania [27]. The results of studies for the asso-
ciation between the use of AH agents and survival in
patients with these cancers have been mixed and further
studies for the replication of results in more diverse study
populations, time intervals, etc. were recommended (7,
8, 11-23]. In order to better understand the clinical sig-
nificance of AH medications use and whether there is a
differential impact according to specific cancer sites or
clinical factors, we evaluated the association between the
use of antihypertensive drug classes and the cancer-spe-
cific and overall death risk.

Methods

Study subjects

This retrospective cohort study was performed using data
from patients with cancer diagnosed between 2013 and
2015, and identified from the Lithuanian Cancer Regis-
try (LCR). The LCR has population-based information
available since 1978. It covers the entire population of the
Republic of Lithuania (2.8 million at the 2021 census).
The LCR contains demographic data as well as informa-
tion on date and methods of diagnosis, tumour char-
acteristics, date and cause of death. The main sources
of the data are compulsory notifications from primary,
secondary and tertiary health care institutions in Lithu-
ania. All physicians, hospitals and diagnostic centres in
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the country must send notification to the LCR of all can-
cer cases that come to their attention. This information
is complemented by death certificates, and by notifica-
tions from the National Centre of Pathology. All cancer
patients are followed up to their death. The LCR regu-
larly performs data linkage with the Lithuanian Causes of
Death Registry to obtain information on date and cause
of death as well as other information from death cer-
tificates. Nearly 80% of cancer cases are microscopically
verified, approximately 14% of cases are identified only
through death certificates [28]. The usual delay is 5-6
years for data completeness and publication. The LCR
data since 1988 have been included in ‘Cancer Incidence
in Five Continents’ [28]. For the present study, cancer
codes C18-C21, C34, C43, C54 and C64 for colorectal,
lung, melanoma, corpus uteri and kidney cancer, respec-
tively, were used according to the International Statisti-
cal Classification of Diseases,10th Revision, ICD-10. We
excluded individuals with multiple cancers (except for
non-melanoma skin cancer), with a diagnosis based on
death certificate, age less than 25 years or more than 80
years. In all, 8,959 records were available for the analy-
sis. To avoid immortal time bias [29], we applied a 1-year
fixed baseline period during which exposure was defined
and after which person-time and events were counted.
Thus, follow-up time started one year after cancer diag-
nosis. Patients who died within the first year after diagno-
sis were excluded. Only cases with primary, histologically
confirmed cancer of interest and hypertension within 1
year prior to diagnosis were included. The final number
of participants included in the current analysis, was 3,328
[see Additional file 1].

Information on demographic factors (age at the time of
diagnosis, sex, location of residence), as well as cancer-
related factors (tumour type, histology, stage at diagno-
sis, prior cancers), date and cause of death, was available
from the LCR. Information on receipt of cancer treat-
ment (surgery, chemotherapy and radiotherapy), as well
as on other health-related factors, was collected from
the National Health Insurance Fund (NHIF) database. To
estimate the Charlson Comorbidity Index (CCI), comor-
bidities were identified, including myocardial infarction,
congestive heart disease, peripheral vascular disease,
cerebrovascular disease, chronic pulmonary disease,
rheumatological disease, dementia, hemiplegia, diabe-
tes, diabetes with complications, renal disease, mild liver
disease, moderate or severe liver disease, peptic ulcer
disease, and AIDS [30]. The CCI was calculated based
on the information during the 1 year prior to diagnosis
period. Information on potentially confounding statin,
antidiabetic and antithrombotic medicines use (dates of
prescription and purchase, dose, strength and amount
of the drug) was also extracted from the NHIF database,
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because previous studies have suggested that these drugs
could reduce mortality in patients with cancer [31-33].

Antihypertensive medication use

Data on patients’ use of AH medications during 2012—
2016 was obtained by linkage with the NHIF database.
The NHIF’s database contains information on all pur-
chases in outpatient settings of physician-prescribed
reimbursed medicines and covers up to 100% of the
insured Lithuanian population (about 98% of the popu-
lation is covered by health insurance) [34]. The follow-
ing information about each purchase was obtained: the
drug’s Anatomical Therapeutic Chemical (ATC) clas-
sification system code, the brand name of the medicine,
dates of prescription and purchase, and dose, strength
and amount of the drug (pills, ampoules, inhalators,
etc.). The daily defined doses (DDDs) in each prescrip-
tion were calculated by multiplying the quantity by the
strength (in mg) and dividing by the mg in a DDD from
the World Health Organization [35]. In order to account
for the dose, the total number of DDDs in each AH medi-
cation class for the first year after cancer diagnosis was
calculated.

Statistical analyses

The primary exposure of interest was the use of AH
medications, categorized into the following classes: (a)
centrally and peripherally acting antiadrenergic agents
(SNS-AH); (b) diuretics; (c) beta blockers (BBs); (d) cal-
cium channel blockers (CCBs), and (d) agents acting on
the renin-angiotensin system, i.e. angiotensin convert-
ing enzyme inhibitors (ACEIs) and angiotensin receptor
blockers (ARBs). When fixed-dose combinations (several
drugs in the same tablet) were used (e.g. BB and diuret-
ics), each combined agent was included in the respective
AH medication class. Participants were considered users
of a given type of AH medication if they had a record
of one or more purchases of a drug in that AH medica-
tion class during the first year following cancer diagno-
sis. Non-users of the AH drug class being investigated
were classified as a reference group. Dose dependence
was evaluated by stratifying users of each AH medication
class into two groups (low and high usage), the cut-point
used was the median DDD amount use during the first
year after diagnosis.

The association between AH medication use within 1
year after diagnosis and the risk of cancer-specific and
overall death was estimated using hazard ratios (HRs)
and 95% confidence intervals (ClIs). We used Cox pro-
portional hazards models to estimate associations of
cancer-specific and overall death risk with the use of
AH medications of interest. The time scale was the time
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beginning 1 year after cancer diagnosis. All patients were
followed up until the date of death, or the end of follow-
up December 31, 2020. | Deaths were identified from the
LCR, but information on emigration was not available, so
it is possible that mortality data for some emigrated study
participants was not obtained. However, emigration is
less common among patients with cancer than among
the general population; also deaths of Lithuanian citizens
that occur abroad are reported to Lithuanian institutions.
In our previous study, among a cohort of patients with
tuberculosis, 3.1% of the cohort had unknown vital sta-
tus, and 0.8% had emigrated [36]. Similarly, in the present
study, the percentage lost to follow-up is likely to be <5%.
There is no method to determine if the loss to follow-up
was at random (there would be no important bias) or not
at random [37]. Notably, it has been observed that not
at random loss to follow-up <5% does not substantially
change risk estimates [37].

The analyses were performed using fully adjusted mod-
els including potential confounding as covariates: age at
diagnosis (25-50, 51-55, 56-60, 61-65, 66—70, 71-75,
76—80 vyears), place of residence (urban, less urban,
rural), CCI (0, 1, 2, 3+), stage at diagnosis (I, I, IIL, IV,
unknown), histology, receipt of surgery or chemotherapy
within a year after cancer diagnosis (yes/no), use of dia-
betes medication or statins or anticoagulants in the year
prior to diagnosis (yes/no), use of AH medication in the
year prior to diagnosis (yes/no) and mutual adjustment
for SNS-AH, diuretics, BB, CCB, ARB and ACEI use in
the year after diagnosis (yes/no). P-values for trend were
calculated by adding the ordinal AH medication usage
variable (low/high) as continuous into the regression
analyses. We tested the proportional hazards assumption
using the Schoenfeld test. The PH assumption was suffi-
ciently met for all the variables.

In addition, stratified analyses were conducted among
subgroups by age at diagnosis (51-65 years and >65
years), stage at diagnosis (I-II and III-IV), histological
type, cancer treatment (surgery, chemotherapy) and pre-
diagnosis use of specific AH medication group.

To determine whether our results were robust, com-
peting risks analysis was performed using the Fine-Gray
hazard models for cancer-specific mortality, with deaths
from non-cancer causes as the competing event, because
antihypertensive medication users might have more co-
morbidity [38].

All analyses were performed using STATA/IC, 11.0
by STATA software (Stata Corporation, College Station,
Texas, USA). All statistical tests were based on 2-sided
probability, and, if less than 0.05, considered statistically
significant.
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Results

Characteristics of each of the cancer site cohorts - colo-
rectal (N=1,104), lung (N=344), melanoma (N=334),
corpus uteri (N=832) and kidney (N=714) cancer -
are presented in Table 1. Overall, approximately half
of cancer patients were 66—80 years old, 40% were
51-65 years old, and the remaining were 50 years old or
younger. Compared to other cancer sites, colorectal can-
cer patients tended to be older (60% of subjects 66—80
years old). The distribution by sex was similar for colo-
rectal and kidney cancer patients, whereas the majority
of melanoma patients were women, and the majority of
lung cancer patients were men. The 1 year post-diagnosis
use of AH medications was very common in this study
population of cancer patients with hypertension. It varied
from 84% in colorectal cancer patients to 91% in mela-
noma patients. The AH medication classes used by most
patients were ACEIs and BBs.

In total, 1056 subjects died during the follow-up,
including 705 cancer-specific deaths (Table 1). The
median follow-up time after diagnosis was 5.9 years, the
maximum was 8.0 years.

Antihypertensive drug class’ users versus non-users:
overall analyses

The results of Cox regression analyses in users compared
to non-users by cancer type and AH drug class are pre-
sented in Table 2.

After adjustment for relevant covariates in multivari-
able analyses, no associations were observed for post-
diagnosis SNS-AH, diuretics and CCB use.

There was no evidence of an association of BB use com-
pared to BB non-use for all cancers except an increase
in the risk of cancer-specific death among melanoma
patients, HR: 2.27, 95% CI: 1.00-5.15.

Post-diagnosis use of ARB or ACEI showed statisti-
cally significant associations with reduced risk of death
for colorectal cancer (HR: 0.68, 95% CI: 0.47-0.98 and
HR: 0.69, 95% CI: 0.52-0.91, respectively). ARB use was
also associated with an increased risk of death for corpus
uteri cancer (HR: 2.33, 95% CIL: 1.21-4.51). Cancer-spe-
cific mortality for other cancer types was not related to
ARB or ACEI use.

When we evaluated whether there is an association
between AH medication use and overall mortality, we
observed a significant inverse association with ARB and
ACEI use in colorectal cancer patients and a positive
association between diuretics use and risk of death in
kidney cancer patients (Table 2).
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Colorectal (N=1104)

Lung (N=344)

Melanoma (N=334)

Corpus uteri

Kidney (N=714)

(N=832)
n % n % n % n % n %

Age

25-50 37 33 21 6.1 25 75 52 6.2 65 9.1

51-65 402 364 133 38.7 135 404 393 47.2 303 424

66-80 665 60.2 190 55.2 174 52.1 387 46.5 346 485
Sex

Men 507 459 237 68.9 116 34.7 - - 376 52.7

Women 597 54.1 107 311 218 65.2 832 100 338 473
Stage

I 239 216 65 18.9 170 509 620 74.5 456 63.9

I 330 299 64 18.6 133 39.8 66 79 32 4.5

Il 346 313 120 349 20 6.0 59 7.1 171 239

\Y 103 9.3 64 18.6 3 0.9 21 25 49 6.9

Unknown 86 7.8 31 9.0 8 24 66 7.9 6 0.8
Surgery 995 90.1 185 538 286 85.6 775 93.1 653 915
Chemotherapy 462 41.8 225 654 32 9.6 70 84 31 43
Radiotherapy 141 12.8 123 358 1 03 299 359 6 0.8
CCP, n (%)

0 585 530 141 41.0 190 56.9 429 516 318 44.5

1 123 11.1 80 233 20 6.0 93 11.2 102 143

2 277 251 76 22.1 95 284 208 250 199 279

3+ 119 10.8 47 13.7 29 87 102 123 95 133
Diabetes 199 18.0 33 9.6 50 15.0 196 236 142 19.9
Use of AH medications®

SNS-AH 223 20.0 70 203 73 219 206 24.8 211 295

Diuretics 452 409 135 39.2 153 458 428 514 339 47.5

BBs 569 515 172 50.0 179 536 480 57.7 424 594

CCBs 363 329 113 328 124 37.1 283 340 327 458

ARBs 242 219 66 19.2 79 236 243 29.2 207 29.0

ACE inhibitors 613 55.5 179 520 195 584 470 56.5 435 60.9

AH medications, any 932 844 292 849 303 90.7 753 90.5 646 90.5
Use of other medications®

Statins 90 8.1 24 7.0 26 7.8 41 49 63 8.8

Metformin 145 131 26 7.6 37 11.1 144 17.3 107 15.0

Insulin 36 33 8 2.3 6 1.8 47 5.6 39 55

Anticoagulants 112 10.1 31 9.0 16 48 60 7.2 71 9.9
Deaths

All 380 344 259 753 84 251 141 16.9 192 269

Cancer-specific (% of all) 271 713 234 90.3 43 51.2 62 440 95 495

2 Charlson comorbidity index
b post-diagnosis

¢ Prior to diagnosis

Antihypertensive drug class users versus non-users:
stratified analyses by patients’ characteristics

A subgroup analysis of post-diagnosis use of SNS-AH
and CCBs by patients’ demographic and clinical charac-
teristics did not show consistent significant associations

with the risk of cancer-specific death [see Additional
file 2 and Additional file 3].

In the stratified analyses evaluating the association of
diuretics use with cancer-specific survival, there was a
reduced mortality for colorectal cancer patients in the
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Table 2 Antihypertensive (AH) medications use and risk of cancer-specific and all-cause mortality

Cancer site AH drug class Cancer-specific mortality Ovarall mortality HR?® (95% Cl)

Deaths/ Cases, n HR? (95% Cl) Deaths/ Cases, n
Use Non-use Use Non-use

Colorectal SNS-AH 59/223 212/881 1.16 (0.84; 1.60) 86/223 294/881 08 (0.82; 1.41)
Diuretics 93/452 178/652 0.78 (0.58; 1.06) 156/452 224/652 05 (0.82; 1.33)
BBs 137/569 134/535 1.06 (0.81;1 38) 193/569 187/535 02 (0.81;1.27)
CCBs 89/363 182/741 1.07 (0.80; 1.43) 131/363 249/741 1.08 (0.85; 1.37)
ARBs 49/242 222/862 0.68 (0.47; 0.98) 76/242 304/862 0.67 (0.50; 0.91)
ACEls 143/613 128/491 0.69 (0.52;0.91) 208/613 172/491 0.71 (0.56; 0.90)

Lung SNS-AH 48/70 186/274 08 (0.74;1.59) 53/70 206/274 1.03 (0.72; 1.49)
Diuretics 96/135 138/209 7(0.83;1.64) 108/135 151/209 1.17(0.85; 1.61)
BBs 117/172 117/172 09 (0.81;1.47) 125/172 134/172 1.01(0.77;1.34)
CCBs 77/113 157/231 8(0.85; 1.63) 86/113 173/231 1.15(0.84;1.57)
ARBs 45/66 189/278 01 (0.68; 1.50) 49/66 210/278 1.01 (0.69; 1.46)
ACEls 120/179 114/165 0.88 (0.64;1.22) 137/179 122/165 0.98 (0.72;1.33)

Melanoma SNS-AH 7/73 36/261 0.52(0.19;1.39) 18/73 66/261 0.67 (0.36; 1.24)
Diuretics 20/153 23/181 22 (0.51;2.91) 37/153 47/181 0.66 (0.37;1.15)
BBs 30/179 13/155 2.27(1.00; 5.15) 49/179 35/155 1.26 (0.76; 2. 08)
CCBs 15/124 28/210 1.32 (0.60; 2.90) 34/124 50/210 1.49(0.88;2.52)
ARBs 10/79 33/255 0.64 (0.26;1.61) 24/79 60/255 1.03 (0.58; 1.85)
ACEls 24/195 19/139 0.79(0.35; 1.78) 48/195 36/139 1.03(0.61;1.75)

Corpus uteri SNS-AH 16/206 46/626 1.13(0.58;2.17) 45/203 96/626 1.19(0.80; 1.78)
Diuretics 31/428 31/404 0.87 (0.47;1.63) 78/428 63/404 1.18(0.79; 1.76)
BBs 35/480 27/352 0.90 (0.51; 1.59) 86/480 55/352 1.20(0.82; 1 75)
CCBs 17/283 45/549 0.69 (0.36; 1.30) 57/283 84/549 1.17(0.80;1.72)
ARBs 23/243 39/589 2.33(1.21;4.51) 45/243 96/589 21(0.77;1.90)
ACEls 33/470 29/362 136 (0.72; 2.57) 78/470 63/362 1.03 (0.68; 1.55)

Kidney SNS-AH 31/211 64/503 1.50 (0.93; 2.44) 68/211 124/503 35(0.96; 1.88)
Diuretics 52/339 43/375 1.06 (0.65; 1.73) 119/339 73/375 1.48 (1.06; 2.07)
BBs 52/424 43/290 71(044;1.14) 116/424 76/290 0.86 (O 62;1.18)
CCBs 46/327 49/387 0.92 (0.58; 1.46) 96/327 96/387 0.97(0.71;1.32)
ARBs 27/207 68/507 1.38(0.77; 248) 56/207 136/507 (O 74,1.61)
ACEls 65/435 30/279 1.74(0.98;3.07) 134/435 58/279 37(0.94;2.01)

2 COX model, adjusted for: age at diagnosis, sex, place of residence, stage at diagnosis, histology, receipt of surgery, chemotherapy, radiotherapy, CCl, use of
anticoagulants, statins, antidiabetics, use of AH medications prior to diagnosis, mutually adjusted for post-diagnostic use of SNS-AH, diuretics, BBs, CCBs, ARBs and

ACEls

high usage category (HR: 0.57; 95% CI: 0.39-0.83); age
group 51-65 years (HR: 0.47; 95% CI: 0.26—0.84); chemo-
therapy treatment (HR: 0.62; 95% CI: 0.41-0.93) and pre-
diagnosis diuretics users (HR: 0.62; 95% CI: 0.40-0.96).
However, in other specific analyses (stage, surgery, histol-
ogy, etc.) there was no significant association (Table 3).
In the stratified analyses for BBs, there was an increased
risk in cancer-specific mortality for melanoma patients in
almost all strata-specific analyses; however, the statisti-
cally significant estimates were observed only in a sub-
group of lower BB usage (HR: 3.05, 95% CI: 1.09-8.58)
and stage [-1I (HR: 2.44, 95% CI: 0.96—6.21) (Table 4).

The stratified analyses for ARB use showed a statisti-
cally significantly decreased risk of cancer-specific mor-
tality in colorectal cancer patients among subgroups of
higher usage (HR: 0.62, 95% CI: 0.39-1.00), age 66—80
years (HR: 0.59, 95% CI: 0.38-0.93), stage III-IV (HR:
0.49, 95% CI: 0.30-0.80), surgery (HR: 0.66, 95% CI:
0.45-0.98) and pre-diagnosis ARB use (HR: 0.43, 95% CI:
0.24—-0.79) (Table 5). In contrast, HRs were increased in
cancer of corpus uteri patients for the low use category
(HR: 2.68, 95% CI: 1.22-5.91), stage III-IV (HR: 9.79,
95% CI: 2.13-44.99), the age group 66-80 years (HR:
2.41, 95% CI: 1.06-5.47) and surgery or chemotherapy



Page 7 of 15

(2025) 25:38

Everatt et al. BMC Cancer

600°0=puainioyd

(190ued ASUPpIy) BWOUIDIED |92 [RURI ‘(1191N SNCI0D) BLIOUIDIEIOUSPE PIOLIDWOPUS ‘(BUIOURIS|A) BUIOURIDW ‘(193ued Bun| /|e13310|0) BLOUIDIRIOUSPE :0) PA1DLISaI ,

junowe gaq jo uelpaw < :abesn ybiy Junowe gaq o uelpaws :3besn mo| o

s101qIyul 3DV ‘sgyV ‘sgDD ‘sgag ‘sanainip ‘Hy-SNS J0j paisnipe Ajjeninw pue sisoubelp oy Jjoud
Jeak | ulyum suonedIpaw Hy Jo asn ‘saiagelpiue ‘suiels ‘syuejnbeodnue jo asn ‘D) ‘Adessylolpel ‘Adessyiowayd ‘K1bins jo 1disdal ‘ABojoisty ‘sisoubelp 1e abeis ‘eouapisal Jo ade(d ‘xas ‘sisoubelp 1e abe :10) paisnipe ,

SJUSAS M3} 00) 0} ANP sisAjeue dgeL_AINW Ul Palewisa A|qel|al 9 10U Pinod YH - *o'u

(Cl'7'650) GS'L

2'U
(66'1:990) GL'L
(l€7'€80) 6€'L
(€£°T°180)8F'L
(ST'LTL0)0r0
(607'95°0) 80'L
OV'T'st0) vO'L

(09'1/950) 560
(6£7:9L0)S¥L
(€£71'690)90'L

Lty
vi/L
8¢/6¢
6¢€/05
0e/vy
/L

€u/le
61/61

(27433
€v/61
€v/CS

(¢r'1810) LSO
(10'0T ‘250 ¥T'e
(S£'1'8¥0) 60
(0F'L0£0) 590
(coL'0L0) 17T
(96'1 '5€°0) €80

(9€7:550) €L
(zLotLoo)oLo

(¢r'1'S€0) LLO
(8£7'090) 6C'L
(€9'L:/¥0) /80

6/9¢
e/l
8¢/0¢
¥¢/0¢
[qvel
9L/sl

61/5¢
LL/9

Le/gl
Le/el
Le/Le

(SST/¥950) 0€°91
‘2'U

(L6T ¥ 0)8LL
(££T'970) 980
2'u
(LLT270)80L

(85°€:T€0) LO'L
‘2'U

(1TS°180) S0C
(8¥'1°010) 8€0
(l6T’Ls0)CTL

(22
q/8
Le/LL
9L/l
8/S
Gl/sl

Sl/ct
€/L

€e/9l
€y
€¢/0¢

(98'11190) LO'L
(6€'17790) €60
(95°€:81°L) S0'T
(€6€:01°1) 80°C
(90C'080) 8T'L
(€L'T'990) el

(¢l'z'980) SE'L
(€6'1°150) 660

(€£179£0)G1'L
(LL1'6L0)61L
F91'€80) LL'L

12/SL
SLL/C9
LS/LY
0s/9¢
£6/6S
ce/Le

v//8S
GG/€e

8EL/LY
8¢l/6v
8€1/96

(96°0‘0t°0) T9°0
Amm.o ‘1¥°0) 290
(CT'1'590) 680
(CT'1'590) 680
(€L %90) 60
(8€'L 00 20

(9€'1°£90) 5610
(¥8°0:9T°0) LV'O

%(€8°076€°0) LS50
(051 '5£°0) 901
(901 ‘85°0) 82°0

osh

9%/S/  sdneINiq sisoubeipaid

€L1/0S
€5l/6L
1S1/C8
9¢1/99

9¢/61

901/69
€9/¥¢

8/1/0%
8/1/€S
8/1/€6

Adesayrowayd
K13bang
, K6ojo1sIH
Il
-1
abeis
sieak 08-99
s1eak Go9—

aby
ubiy
gMOl

s19sn sdn2JnIq ||V

(1D %S6) ¥H

asn-uoN/asn

u ‘syieaqg

(1D %S6) HH

9sn-UoN/asn

u‘syjeaq

(1D %S6) eHH

9sn-UopN/asn

u‘syieaq

(1D %S6) HH

asn-uoN/asn

u‘syjeaq

(1D %S6) HH

9sn-uoN/asn

u‘syyeaq

(FLL=N) Kkaupiy

(zeg=N) uan sndiod

(rE€=N) ewouepy

(rre=N) bunq

(7OLL=N) |e32310]0D

(8ze'e=u)

s1ualied JadUed JO 1I0YOD Ueluenyl 3y ul 9dA1 19dued Ag A1lje1IoW DY1Dads-195UBD JO XS UM PIIRIDOSSE 95N SD121NIP 40 (S|BAISIUI 9DUSPYUOD 9%G6) SOIe) plezeH € ajqel



Page 8 of 15

(2025) 25:38

Everatt et al. BMC Cancer

(190ued A3upIy) BWOUIDIED ||3D [eUd) ‘(1131N SNAI0D) BLIOUIDIEI0USPE PIOLIIDWOPUS ‘(EUIOURIS|A) BUIOURISW :(192Ued Hun| /|e13310|0) BLOUIDIEDOUSPE :0) PA1DLIISaI ,

junowe @a 4o ueipaw< :2besn ybiy Junowe gag Jo uelpaw > :3besn moj

SI1031qIYul IOV ‘sgyV ‘gD ‘sgg ‘so1ainip ‘HY-SNS 403 paisnipe Ajjeninw pue sisoubelp 03 Joud
183K | Uly}IM SuopIEdIPIW HY JO 3SN ‘sd1IqeIpiue ‘sujels ‘syueinBeodnue Jo asn ‘D) ‘Adessyiolpes ‘Adessyiowaypd ‘A196ans Jo 1d19da1 ‘ABo|olsIY ‘sisoubelp Je abe)s ‘aduapisal jo ade(d ‘xas ‘sisoubelp e abe 1oy paisnipe ,

S1USAD M3} 00] 01 BNP SisAjeue d|ger_ARINW Ul PR1RWISS A|qelj21 3G 10U PNOd YH - d'U

(8/'1'5€°0) 080 6/l

U ol/LL
(€€71'50) 820 €e/vy
(0t'1'€5°0) 980 8¢/1S
(EL'L'9€0) ¥9°0 €e/ly
(EL'T'STO) L0 8/L1
(¥8'1'6¥°0) 5610 /e
(CCLvT0)¥50 0z/81
(LT1'S70)9L0 €7/9€¢
(6L'1'€€0) €90 €r/91
(PL'L #¥0) LLO €7/¢5

(S9€9€0) ¥ /6T
?:%ovmmo €L/l
(821 #5°0) 8610 su/ee
(88'1'8%0) 5610 LU/1T
(9S¥'2S0) ¥S'L oL/8l
(LT15T0) LSO avid
(6£T%90) €€'L SL/6¢
(89°0°¢70°0) LL'0O L1/9
(€71 ¥€0)0£0 LT/S1
(0L'Z'850)0L'L £2/0C
(65'1°150) 060 1T/5¢€

(¢59°0C0) L'l ¥2/SC
U 9/6
(FTyi€L0)9LL TL/9t
(959'8°0)9C'C L1/8l
QU 9/t

(129960 ¥¥'C 1/€C
(15'886'0) 88'C 6/81
o 8

(L v18L0) 6L 29/61
(85°8°60°L) SO'E 29/L1
(S1's‘00°1) LT'T 29/0¢

ﬁm_ /%0) 080
(LSL:LL0)0L'L
(¥0T'8L°0) 9T L
(sce: mwov_m_
(LL'2'96°0) T
8L'T#90) 8

(€9L:1L£0) L0L
(€¥'1+050) 580

(FS'1:2£0)60L
(85'1:9/0)01'L
(LV'11180)60'L

£8/06
€v/19
9¢/ce
6¢/LY
9//9¢
6¢/0€

69/€9
OvL/8%

L11/9S
LLL/19
JARVZAN

(90C920) ST €e/8ll
(611 %£0)SO'L 08/€8
(8€°1'8£0) €0 vLL/8LL
(¢v'11080) L0 LLi/cel
(6€1°€2°0) 1O 66/€6
(LLT'S80) ¥S'L 4433
(651 €80)Gl'L €8/26
(P71 '€50) £80 (37424
(€5'1'€80) €L'L ¥€1/08
(9€'1:0£0) L610 veL/LS
(8€'1°180)90'L vEL/LEL

asn gg sisoubejpaid
Adesaylowayd
K13bang
JA6ojo1siH

AN

-
abeyg

sieak 08-99

s1eak G9-1G
aby

ubiy

GMO|
siasn g4 IV

asn-uoN/asn

(1D %S6) YH u‘syleaq

3sn-UopN/asn

(1D %56) HH u‘syzeaq

asn-uoN/asn

(1D %56) HH u ‘syzeaq

(1D %S6) eHH

9sn-UoN/asn

u‘syjeaq

asn-uoN/asn

(1D %56) HH u‘syieaq

(FLL=N) Asup1y

(z€8=N) 131n sndio)

(FEE=N) ewoueBy

(rre=N) bum

(7OLL=N) [e}>310]0D

(87¢'s =u) syuaped JaduUed JO 1oYOd Uejuenyi ay3 Ul 9dA) 1aoued Ag Alijeniow dyads-1adued JO st YiMm Paiedosse asn sgg 1oy (S|eAISIUl 92USPYUOD 94G6) SOIIRI pIezeH  ajqeL



Page 9 of 15

(2025) 25:38

Everatt et al. BMC Cancer

S0°0>puainioyd

(190ued ASUPpIY) BWOUIDIED |92 [RURM ‘(1191N SNCI0D) BUIOUIDIEIOUSPE PIOLIDWOPUS ‘(BUIOURIS|A) BUIOUR[DW ‘(193ued Bun| /|e13310|0) BLOUIDIRI0USPE :0) PA1DLISaI ,

unowe gaq jo ueipaw< :36esn yb1y Junowe gaq o uelpaws :36esn mo| o

S1031q1Yul 1DV ‘sgHV ‘SgDD ‘sgq ‘sa11a4nIp ‘HY-SNS 40) paisnipe Ajjeninw pue sisoubelp 01 Joud
Jeak | ulyum suonedIpaw Hy Jo asn ‘saiageipiue ‘suiels ‘syuejnbeodnue jo asn ‘D) ‘Adessylolpel ‘Adessyiowayd ‘K1bins jo 1disdal ‘ABojoisiy ‘sisoubelp 1e abeis ‘eouapisal Jo ade(d ‘xas ‘sisoubelp 1e abe :10) paisnipe ,

SJUSAS M3} 00) 0} ANP sisAjeue dgeL_AINW Ul PRlewisa A|qel|al 9 10U Pinod YH - *o°'u

(6£0
(LET'ST0)8L0 oL/ze (19%'6£0) vE'L 9//1 U 70l (1SY'650) 9L Syl/Te ‘YT0) €0 [T/t @sn gyy sisoubeipaid
(z9vs
au S1/9 ‘98'1) 60°0L S1/6 U 6/7 (L£1:090) L0'L 18/€7  (8E€1'SS0) /80 LEL/zE Adesayrowsay>
(86°0
(€87°08°0) 05'L SS/CT  (ervioll) 9T'e 9€/TC  (STL'SL0) ¥h0 ls/L (0£1'8¥0) 160 YS/vl S¥°0) 990 z61/0v K1961ng
(0oL
(L1I'T%90) 8L 79/LT (SE¥'280) 681 0E/FL (SL'T'6L°0)¥90 17/8 (971 '1€0) 790 69/L1 ‘9%°0) 890 681/71 ,KBojoisiH
(080
(S0T'8¥°0) 6610 ss/6l (66'vVEL'T) 6L°6 LI/LL o ZI/L (80T'SL0)STL szi/Le ‘0£°0) 6¥°0 991/9¢ A
(€76'2,°0)99C LL/g  (08T'ty0)80°L 0Z/ll W9T'6£0) Ol 12/6  (0L'1'0£0) L0 St/ (SETWSO0)ELL or/S1 II-l
abeyg
(86'% (€6'0
20'1) 9T'T LS/l (L1'S'90L) LY'T LT/l (SLE'TT0) €80 0¢/L (€0TiEL0)CTL LOL/LE ‘8€°0) 65°0 LY L/vE s1eak 08-99
(9£7'8€0) 20’1 87/0L  (W¥11'190)¥9C LL/9 el 8/C (96'1'6£0) /80 SL/gL (1€T7'6S0) LLL TL/51 5183k G0-1G
aby
(s6°0 (00°L
(62T L¥0) vO'L 89/21 (09%:£80) 10T 6¢/zL (0S'1'S1°0) 870 €€/9 ‘67°0) £5°0 681/91 6€°0) 29'0 [4ddiazd uby
(1sT
(€e€1/80) 041 89/51  (1L6'S‘TT’1) 89T 6¢/1L (0S€'670) LO'L €€y $0°'L) LO'L 68L/6C  (LL'L'/¥0)vL0 Tee/se qMOl
(86°0
(8V°7'£L0) 8E'L 89//7 (LSVILTL)EET 6£/5C  (L9'1'920) ¥90 €€/0L  (8F'1'%90) 860 681/Sy ![¥°0) 890 /6y s13sh gyy |1V
asn-UON/3asN asn-UoN/3asN 3sn-UON/3asN 9sn-UuoN/asn asn-UoN/3asN
(1D %56) 4H u‘syjeaq (1D %S6) eHH u‘syleaq (D %S6) .HH u‘sylead (1D %S6) HH u‘syjeaq (1D %S6) HH u‘syleaq
(rLL=N) Asup1y (z€8=N) 12 sndio) (bEE=N) ewouePW (bre=N) Bun (¥OLL=N) |e3d2410]0D
(8ze’e=U)

sjuai1ed JaOUBD JO 1I0YOD UelUBNY3IT SY3 Ul 9dAY 19dued AQ A1ie1iow dY1Dads-195Ued JO 3S1 YLM PIBIDOSSe 35N SgYY IO} (S|eAIa1Ul 92USPLUOD 94G6) SONBI piezeH § a|qeL



Everatt et al. BMC Cancer (2025) 25:38

treatment (HR: 2.26, 95% CI: 1.16-4.42 and HR: 10.09,
95% CI: 1.86-54.62, respectively) (Table 5). ARB use
compared to ARB non-use had no consistent statistically
significant effect on survival for other cancer types.

Stratified analyses showed significant associations
between the use of ACEI and reduced HRs in colorectal
cancer patients in subgroups of high usage (HR: 0.60, 95%
CI: 0.42-0.86), age 66—80 years (HR: 0.63, 95% CI: 0.44—
0.89), stage III-IV (HR: 0.60, 95% CI: 0.43-0.85), surgery
or chemotherapy treatment (HR: 0.67, 95% CI: 0.50-0.91
and HR: 0.63, 95% CI: 0.44—0.94, respectively) (Table 6).

In a sensitivity analysis a competing risk analysis using
Fine-Gray hazard models was performed, and the results
remained similar to those reported here.

Discussion

In this population-based cohort study of primary colo-
rectal, lung, corpus uteri, kidney cancer and melanoma
we found a statistically significant decrease in colorectal
cancer mortality by 32% among ARB users and by 31%
among ACEI users. There was evidence of dose-response
association; and the effect persisted in stratified analyses.
Our results are also suggestive of an elevated risk of death
among corpus uteri cancer patients receiving ARBs, and
increased survival among colorectal cancer patients
using diuretics; furthermore, there were some inconsist-
ent associations for BB use and melanoma survival when
stratifying for age, dose and anticancer treatment.

In the present study, no apparent associations were
found between SNS-AH use and the outcomes of any
cancer under investigation. To our knowledge, the SNS-
AH impact on cancer has not been previously studied
in great detail, and this is the first cohort study analys-
ing the relationship between SNS-AH use and mortality
risk in cancer patients [39]. We were able to examine the
association, because the use of SNS-AH in Lithuania is
relatively high (31.5 DDD/TID in Lithuania versus 2.5
DDD/TID in Sweden and 4.1 DDD/TID in Norway in
2012) [40]. Previous research has indicated the induction
of apoptosis and inhibition of the proliferation of human
cancer cells by SNS-AH both in vitro and in vivo [41].
Alpha-blocker Doxazosin use was shown to both inhibit
the growth of human colorectal cancer cell lines in cul-
ture and decrease tumour size and number in a colorectal
cancer mouse model [39]. The protective effect of Doxa-
zosin on colorectal cancer risk was also demonstrated
among humans; however, it is possible that favourable
results were obtained due to a lack of adjustment for
important clinical variables (stage, anticancer treatment,
etc.) and higher concentration of Doxazosin in the cell
proliferation assay than in human plasma levels [39].

The relationship between diuretics use and the survival
of cancer patients was previously investigated in a small
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number of studies, with inconsistent results and there
is a lack of biological evidence linking diuretics to can-
cer prognosis [21]. There was no relationship between
diuretics use and overall or disease-specific survival in
patients with colorectal and lung cancers [21]. The use
of thiazide diuretics for a minimum of 1 year post-diag-
nosis was associated with decreased survival in patients
with colorectal and lung cancer [8, 23], but with better
survival and better prognosis in patients with colorectal
stage I-III cancer [11]. In line with this investigation, our
findings provide suggestive evidence of increased colo-
rectal cancer survival among diuretics users. However,
we did not observe a significant effect on risk of death in
lung, corpus uteri, kidney cancer or melanoma patients.

The prognostic value of CCBs for the survival of
patients with cancer remains controversial [15]. Stud-
ies have demonstrated that CCBs may inhibit cancer cell
proliferation, migration differentiation, and cell apop-
tosis [7]. There is evidence that the use of CCBs may be
beneficial in endometrial cancer [42] and lung cancer
[8, 20], although no effect on lung and colorectal can-
cer prognosis was observed in a meta-analysis [23], or
among the Shanghai population [21]. In agreement with
these results, CCB intake was not associated with a risk
of death in patients with any type of cancer.

Previous research evidence suggests that BBs may
have a protective effect against cancer progression. The
B-adrenergic signaling pathway modulates multiple cel-
lular processes, including those that counteract tumour
growth and metastasis, e.g.,, modulation of angiogen-
esis, cell proliferation, and cell survival [43, 44]. The
anti-tumour effect of nonselective BB propranolol was
shown in the colon cancer model [44]. Some previous
epidemiologic investigations on colorectal cancer out-
comes demonstrated a positive effect of BB use [11, 19,
45]; however, a systematic review and meta-analysis
results did not show increased overall survival in BB
users compared to non-users [14]. The present study is
in line with these results: BBs did not have a significant
effect on colorectal cancer survival. Our findings for
lung cancer and corpus uteri cancer patients are consist-
ent with studies and meta-analysis where no beneficial
role of BBs use was found [13, 14, 16, 29], but in contrast
with pooled results of ten retrospective cohort studies
showing an association between BB use and improved
survival in patients with stage III lung cancer [22]. The
non-selective BB (pan-BB) Propranolol has been associ-
ated with a decreased risk of melanoma progression and
recurrence and improved outcomes in patients under-
going immunotherapy [46, 47]. However, a systematic
review and meta-analysis of clinical studies found no evi-
dence of an association between BB use and overall sur-
vival in patients with melanoma or other solid cancers [8,
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48]. In contrast, we observed a negative impact among
melanoma patient BB users compared to non-users. It
is plausible that selective and nonselective BB have dif-
ferential effects on cancer progression, with BBs blocking
[B2-adrenergic receptors likely being most effective [43].
In Lithuania, selective BB use is a standard practice for
arterial hypertension treatment [30]; therefore, all BB
users were 1 antagonist users in our study. This might
explain the no protective effect of BBs in cancer patients,
although our results should be interpreted with caution,
given no dose-response association and the sparse num-
bers of melanoma deaths.

Previous reports have suggested that ACEIs and ARBs,
may improve cancer prognosis by blocking the RAS sig-
nal pathway and inhibiting tumour angiogenesis, tumour
cell proliferation and cancer progression, stimulating cell
apoptosis and reducing metastasis; and that beneficial
anticancer effects depend on the primary site of cancer
[9, 49]. RASi use can also enhance the benefit of antian-
giogenic agents, antiepidermal growth factor receptor
inhibitors and chemotherapy, or prevent ICI-induced
toxicity by suppressing chronic inflammation [15]. ARBs
have been shown to slow proliferation, inhibit fibrosis,
and prevent stress-induced injury in cancer cell line and
animal model studies. Our results on the beneficial effect
of using ACEI and ARB medications on colorectal cancer
patient survival are consistent with the findings from a
number of previous studies, including several meta-anal-
yses and studies in the USA and Japan, showing that RASi
could reduce tumour recurrence and improve survival in
patients with colorectal cancer [11, 23, 25, 50]. Moreo-
ver, data from the study by Cui et al.,, 2019 showed better
cancer-specific survival among colorectal cancer patients
using ARBs, but no effect among ACEI users [21]. In con-
trast, a study from Canada suggests that ACEIs, ARBs
and other antihypertensive drugs do not improve sur-
vival in patients with colorectal cancer [8]. However, pre-
diagnostic use was evaluated in this study and although
the regression models were adjusted for age, stage, gen-
der, history of cancer, and area of residence, no adjust-
ment for other potentially relevant confounders such as
comorbidity, use of other drugs or anticancer treatment
was performed.

As far as we are aware, no studies have been conducted
to investigate whether the use of ARBs is associated with
survival in corpus uteri cancer. Previous cell-based stud-
ies showed that angiotensin II influences endometrial
cancer cells and is responsible for increased proliferation,
reduction in apoptosis, increased mobility and modula-
tion of adhesion potential [51, 52]. Our study showed
significantly increased cancer-specific mortality among
corpus uteri cancer patient ARB users, although there
was no association with the dose. This result contrasts
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with previous investigation showing that losartan (angio-
tensin receptor 1 (AT1R) inhibitor) significantly reduces
the proliferation of endometrial cancer cells [53]. Our
result of increased risk and in particular in the low dose
usage category, may be due to the previously observed
complex effects of angiotensin II, highly associated with
the differentiation status of cancer cells, the dose of
angiotensin II or the ability of cancer cells to redirect the
path of signal transduction to other receptors on the cell
surface, and to increase the production of AT1R to over-
come the silencing effect [52]. In addition, we cannot rule
out the possibility of a chance finding in our study due to
the relatively small number of deaths of corpus uteri can-
cer patients using ARBs.

The results on the effect of RASi use for other specific
primary sites of cancer (lung, urothelial and renal can-
cers) remain contradictory, and range from a negative
relationship [8], to indifferent results [15], to an improve-
ment in overall or cancer-specific survival in lung cancer
[54], melanoma [55] and renal cell carcinoma [12, 19]
patients using either ARBs, ACEIs, or both. In the pre-
sent study, the results suggest that the anticancer effects
of ARB or ACEI use are not uniform across the sites of
cancer. When we estimated the ARB or ACEI consump-
tion effect in lung, kidney cancer and melanoma patients,
we observed no significant association with cancer-spe-
cific or overall mortality.

The strength of our study is a nationwide population-
based study cohort, covering all colorectal, lung, corpus
uteri, kidney cancer and melanoma patients in Lithuania
diagnosed during 2013-2015. We used NHIF data on
the time and amount of medication purchased that was
detailed and free of recall bias. This allowed us to analyse
the use of AH drugs by drug class separately, taking into
account patients’ simultaneous use of multiple AH and
other drugs. A 1 year post-diagnosis exposure assessment
period was used prior to the start of the follow-up time to
reduce the effect of immortal time bias. We attempted to
control for possible bias due to competing risks by per-
forming a competing risk analysis using Fine-Gray hazard
models, and the results were similar to those reported
here. The available information on clinical factors (cancer
stage, histology, anticancer treatment, comorbidities and
use of other medications that have been previously linked
to cancer survival (statins, antidiabetics, etc.)), allowed
subgroup analyses and control for a wide range of poten-
tial confounders.

On the other hand, the present study has limitations.
First, the study had a relatively low number of cancer-
specific deaths in this cohort, which limited the statisti-
cal power, particularly among patients with cancer of
the corpus uteri, kidney or melanoma. Therefore, our
results may be chance findings. The modest sample size
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also limited a more detailed analysis of the data, e.g. by
individual AH drugs. Second, our data on AH medication
use was based on recorded medication purchases, and
we had no information on whether the drugs were actu-
ally consumed. There is a potential for misclassification
of exposure because some non-users might have been
incorrectly classified as users. However, as the majority of
our study population is middle aged or older (over 90%
aged > 50 years) and consists of cancer patients, it is likely
that non-adherence rates are lower compared to the
general population. Also, information for drug exposure
obtained from prescription/purchases is less likely to be
affected by misclassification than from hospital records.
Because of the study design (cohort study, data source —
NHIF database), the misclassification of AH medication
consumption would be non-differential, and would tend
to attenuate the effect estimates towards null. In addition,
the subgroup analysis among pre-diagnosis users of AH
medications would have reduced this misclassification,
as people generally do not refill prescriptions if they are
not using the medication. Third, the use of data on AH
medication intake at baseline (i.e. one year after diag-
nosis) was a weakness of the study, because during the
follow-up, the medication use of study participants may
have changed. Thus, there is a potential for exposure mis-
classification, which may have affected our risk estimates.
If AH medication consumption increased with time, this
could lead to an overestimation of the risk among low
consumers. Fourth, patients receiving AH medication
may have health conditions that may influence clinical
outcomes and be confounding factors [42]. Although the
study included subjects only with pre-diagnosis hyper-
tension and multivariable models were adjusted for stage
at diagnosis, CCI, use of statins, antidiabetics, etc., it is
likely that there are more potential confounding clini-
cal variables. Fifth, we had no information on lifestyle
factors such as smoking, BMI, diet or physical activ-
ity. In particular, smoking is an important risk factor for
lung cancer; furthermore, quitting smoking after cancer
diagnosis has an impact on survival. We assume that the
majority of lung cancer patients in our study were cur-
rent or former smokers (>90%, based on our previous
study among lung cancer patients [56]), and most contin-
ued smoking after diagnosis, as tobacco cessation treat-
ment for cancer patients in Lithuania is unavailable. We
cannot rule out residual confounding by factors that we
have not accounted for; however, our results are consist-
ent with previously reported data, adjusted for potential
confounders (BMI, smoking, alcohol consumption, etc.)
[21, 57]. In addition, the possibility of residual confound-
ing by smoking or other lifestyle variables was likely to
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be reduced by the inclusion of cancer patients with pre-
diagnosis hypertension only.

Conclusion

This study provides epidemiological evidence of
improved survival in colorectal cancer patients with
hypertension using ACEIs or ARBs. ACEIs and ARBs
could be considered as potential candidates for drug
repurposing due to their low price and favourable
safety profile; however, large prospective randomised
trials are needed to validate our data.
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