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Abstract: Pancreatic cancer is the fourth leading cause of cancer death. Soluble receptor for glycation
end products (SRAGE), which is modulated by anti-hypertensive (HT) medications, has been inversely
associated with pancreatic cancer. However, the association between commonly used anti-HT
medications and risk of pancreatic cancer is unknown. A total of 145,551 postmenopausal women
from the Women Health Initiative (WHI) Study were included in analysis. Use of angiotensin
converting enzyme inhibitors (ACEi), 3-blockers, calcium channel blockers (CCBs) and diuretics was
ascertained at baseline (1993-1998). Baseline sRAGE levels were measured among a subset of 2104
participants using an immunoassay. Multivariable Cox proportional hazard regression model was
performed to estimate hazard ratios (HRs) and its 95% confidence intervals (Cls) for pancreatic cancer
in association with anti-HT medications. Increased risk of pancreatic cancer was found among users
of short-acting CCB (HR = 1.66, 95% CI: 1.20-2.28) and long-term (>3 years) users of short-acting
CCB (HR =2.07, 95% CI: 1.42-3.02) compared to users of other anti-HT medications. Average SRAGE
levels were lower in short-acting CCB users than users of other anti-HT medications (1173 versus
1454 pg/mL, p = 0.038). Non-statistically significant reduced risk of pancreatic cancer was found
among users of 3-blockers (HR = 0.80, 95% CI: 0.60-1.07). Average sRAGE levels were higher in
[3-blockers users than users of other anti-HT medications (1692 versus 1454 pg/mL, p > 0.05). Future
studies are warranted to confirm these findings and elucidate potential mechanisms by which anti-HT
medications influence development of pancreatic cancer.
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1. Introduction

Pancreatic cancer is the fourth leading cause of cancer-related death in the United States [1].
Established modifiable risk factors for pancreatic cancer include cigarette smoking, heavy alcohol
consumption, obesity and long-standing type 2 diabetes [2]. The incidence of pancreatic cancer is
expected to rise in the aging population where hypertension is one of the most common comorbidities
with an estimated prevalence of 65% among population aged over 60 in the U.S. [3]. It will be of
potential public health significance to establish an association between commonly used medications
and pancreatic cancer development [4].

Multiple anti-HT medications have been extensively studied in relation to risk of developing
cancer. A recent meta-analysis of 70 clinical trials found no significant associations between
angiotensin Il receptor blockers (ARBs), angiotensin-converting enzyme inhibitor (ACEi), 3-blockers,
calcium-channel blockers (CCBs), or diuretics and overall risk of developing cancer [5]. However,
the association between anti-HT medications use and risk of developing pancreatic cancer has not
been examined in large-scale population-based studies.

We previously showed a significant inverse association between soluble receptor for advanced
glycation end products (SRAGE) and risk of incident pancreatic cancer [6,7]. The anti-inflammatory
sRAGE is thought to mitigate the inflammatory response induced by ligation of receptor for AGE
(RAGE) and its ligands [8]. Anti-HT medications, including ACEi [9,10], 3-blocker [11] and
CCBs [10,12], have been shown to increase sSRAGE concentrations, decrease formation of advanced
glycation end-products (AGEs), or dampen pro-inflammatory RAGE signaling pathway. It is
plausible that these anti-HT medications can potentially lower risk of pancreatic cancer by modulating
RAGE signaling.

Therefore, we examined the associations between the use of ACEi, 3-blockers, CCBs and diuretics
and risk of developing incident pancreatic cancer in a large prospective cohort. We hypothesized that
use and long-term use of ACEi, 3-blockers, CCBs and diuretics are associated with a reduced risk of
pancreatic cancer. Additionally, we explored the association between sRAGE levels and the anti-HT
medication use in a subset of study participants for a mechanistic explanation.

2. Methods

2.1. Study Population

The Women's Health Initiative (WHI) Study is a long-term prospective cohort study in the U.S.
aiming to investigate preventative strategies against heart diseases, breast and colorectal cancers
and osteoporotic fractures. Study participants were either assigned into the randomized clinical
trial (CT) or observational study (OS) [13]. The main exclusion criteria for OS and CT study are:
(1) having conditions predicative of survival time <3 years; (2) having conditions (such as alcoholism,
drug dependency, mental illness and dementia influencing study participation and adherence;
(3) participation in other clinical trials [14]. A total of 161,808 postmenopausal women (aged 50
to 79 years) were recruited from 40 clinical centers nationwide during 1993-1998. Participants with
prevalent cancer other than non-melanoma skin cancer at baseline (n = 16,255) were excluded from the
current analysis. We included a total of 145,551 postmenopausal women from the WHI-OS and CT for
the present analysis. To study the long-term effect of interventions on health outcomes, two extension
studies were initiated in 2005 (extension study I) and 2010 (extension study II) with a re-consent rate of
72% and 59%, respectively. The study protocol was approved by the Institutional Review Board of
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both Baylor College of Medicine (BCM) and the Michael E. DeBakey VA Medical Center in Houston,
TX, USA.

2.2. Ascertainment of Medication Use

At baseline interview, all participants were asked to bring currently used medications and
supplement bottles used for at least two weeks. The interviewers entered product and generic name,
dosage form, medic strength, therapeutic class and ingredients directly from the containers into
a database that assigned drug codes using Medi-Span software (First DataBank, Inc., San Bruno, CA,
USA), a pharmaceutical reference database. The study participants also reported the duration of
medication use.

Types of medication were determined based on the 6-digit medication therapeutic class code
(TCC) as following: ACEi (361000, 369915, 369918, 369985, 964642, 965068, or 966458), 3-blockers
(330000, 331000, 332000, 369920, 369925, 369988 or 966442, CCBs (340000, 369915, 369925, 369930,
409925 or 964858) and diuretics (370000, 373000, 376000 or 379900) [15]. These codes included the
combined use of anti-HT medications as well as monotherapy. Short-acting CCBs were defined as (1)
any non-continuous release (CR)/sustained release (SR)/extended release (ER/XR/XT) formulation,
or (2) Nisoldipine. Long-acting CCB was defined as (1) any CR, SR, ER, XR or XT formulations, or (2)
Amlodipine besylate or Felodipine. Dihydropyridine (DHP) CCBs included Amlodipine, Felodipine,
Isradipine, Nicardipine, Nifedipine and Nisoldipine. Non-dihydropyridine (NDHP) CCBs included
Verapamil, Diltiazem, Mibefradil and Bepridil.

2.3. Ascertainment of Pancreatic Cancer

Pancreatic cancer cases were ascertained through self-administered questionnaires semi-annually
for CT participants and annually for OS participants. Pancreatic cancer was defined using the ICD-O-2
code of C25.0-C25.4, C25.7-C25.9. All the cases were locally and centrally adjudicated by trained
physicians using pathology/cytology report, operative report, hospital discharge summary, outpatient,
day surgery or short stay record [16]. We ascertained pancreatic cancer cases through 29 August 2014
for this analysis.

2.4. Data Collection

Information on age, race/ethnicity, education, income, marital status, smoking habit, alcohol
consumption, medical history and recreational physical activity at baseline were obtained by
recruitment survey. Height, weight, hip and waist circumference were measured by trained clinic staff
at the first clinic visit [17]. History of hypertension and type 2 diabetes were self-reported regardless
of oral medication treatment [17]. Food consumption in the past three months was assessed using
a self-administered food frequency questionnaire (FFQ) [17].

2.5. Measurement of sSRAGE

In two previous nested case-control studies within the WHI, we measured baseline serum levels of
sRAGE [7,18] using human sRAGE Quantikine ELISA kit (R&D System Inc., Minneapolis, MN, USA) at
BCM. Our study included 489 pancreatic cancer cases that were ascertained until August 2014 and 977
controls that were individually matched to each case according to age at baseline (43 years), ethnicity,
baseline blood draw date (£6 months), OS enrollment (yes/no), HT trial arm (yes/no), calcium and
vitamin D trial arm (yes/no), hysterectomy at baseline (yes/no) and study center [18]. In the other
study on colorectal cancer, we measured sRAGE levels of among 638 cancer-free controls [7]. Because
the ELISA for sSRAGE is a highly reproducible assay, we did not find the SRAGE measured in two
studies to be systematically different. In addition, we observed the same association between sRAGE
and anti-HT medication in 977 and 638 controls respectively, we presented the association by merging
the two analyses together.
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2.6. Statistical Analysis

Because we observed that the CCBs use to be associated with increased risk of pancreatic cancer,
baseline demographic characteristics, lifestyle factors, dietary factors and selected medical history
were compared according to CCB use, use of non-CCBs medications (ACEi, diuretics or 3-blockers)
and non-use of any anti-HT medications at baseline.

Cox proportional hazard regression model was performed to assess the association between
hypertension and anti-HT medication use and risk of developing incident pancreatic cancer. Due to
low rate of monotherapy in study participants, we included both monotherapy and polytherapy in
defining medication use. We used two reference groups in data analysis: (1) non-users of any anti-HT
medications; (2) users of anti-HT medications other than the one under study. The number of years
of follow-up was calculated from the baseline recruitment until pancreatic cancer diagnosis, death,
loss to or end of follow-up (29 August 2014), whichever occurred first. Test for proportional hazard
assumption was conducted based on the statistical significance of correlation between Schoenfeld
residuals and ranked survival time. We found no violation of the proportional hazard assumptions.
Adjusted variables were selected if they were: (1) established risk factor for pancreatic cancer based
on literature review; or (2) associated with risk of pancreatic cancer in the univariable analysis
(p < 0.25) and with the use of medications (p < 0.25). Final model included age, race/ethnicity (White,
Black, American Indian or Alaskan Native, Asian or Pacific Islander, Hispanics), BMI (<25, 25-<30,
>30 kg/ mz), smoking status (never, past or current smokers), alcohol consumption more than 3
drink/day (yes vs. no), self-reported type 2 diabetes (yes vs. no) and hypertension (yes vs. no). Further
adjustment of other variables such as OS/CT assignment, family history of cancer, physical activity,
or saturated fat intake did not meaningfully alter the association. The same set of covariates (except
for hypertension) was adjusted in the multivariable model in evaluating the association between
hypertension and risk of pancreatic cancer. Competing risk of non-pancreatic cancer deaths were
further accounted for by using the Fine and Gray model [19]. Restricted analysis was also performed
among subjects with self-reported hypertension at baseline.

Because we observed the association between CCB use and risk of pancreatic cancer, we further
examined whether the duration and type of CCB use (short- and long-acting CCBs, DHP- and non-DHP
CCB) were associated with risk of pancreatic cancer. Among users of CCBs, duration of use was
dichotomized as <3 years (median cutoff for users) versus >3 years. Duration of use was also included
in the model as a continuous variable to test for the linear trend. Additional stratified analyses were
performed according to WHR (< or >0.80), BMI (<25, 25-<30, or >30 kg/ m?), cardiovascular diseases,
type 2 diabetes and sRAGE levels (using median among controls as the cutoff). Time-varying Cox
regression by using years 3 (OS and CT) and 6 (CT only) data on anti-HT medication use status were
performed to further assess the association between over-time use and risk of pancreatic cancer [20].

Among 1615 controls who had sRAGE levels measured, anti-HT medication use information
was documented for 1522 participants. Furthermore, a total of 1388 participants reported non-use or
use of only one anti-HT medications. Least square means of SRAGE concentration were compared
across non-users of any anti-HT medications and users of single anti-HT medication by adjusting
for age, BMI, smoking status, alcohol consumption >3 drinks/day and self-reported hypertension.
We reported sRAGE levels by both the monotherapy (1 = 1388) and monotherapy plus polytherapy
(n = 1522) among controls. Sidak multiple comparison adjustment was applied [21]. In 489 cases
and 1522 controls, we separately evaluated the association between anti-HT medication use and
risk of pancreatic cancer using Cox regression model with SRAGE as an additional covariate in its
continuous form.

To address the concern over potential reverse causality the observations between anti-HT
medication use and pancreatic cancer risk, we conducted sensitivity analysis by excluding all
participants with less than two years of follow-up. We also performed all the analysis among the
participants who were diagnosed with hypertension at baseline. To control for residual confounding,
we alternatively conducted propensity score matching on CCB use and other anti-HT medications use
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by performing logistic regression. For each CCB user, we matched with 5 non-CCB anti-HT medication
users if absolute difference of their propensity score was <0.01 [22].

All analyses were conducted using SAS 9.4 (SAS Inc., Cary, CA, USA) software. Two-sided p
value less than 0.05 was considered statistically significant.

3. Results

3.1. Baseline Characteristics of Participants

With an average of 13.8 (standard deviation = 4.8) years of follow-up, a total of 841 incident
pancreatic cancer cases were ascertained. Compared with non-users of any anti-HT medications, users
of CCBs were more likely to be older, in a minor racial/ethnic category, less educated, current smokers,
obese, inactive and to have hypertension, pancreatitis and type 2 diabetes (Table 1).

Table 1. Selected baseline characteristics by anti-hypertensive (HT) medication use status among
postmenopausal women in the Women Health Initiative Study (n = 145,551).

CCB Use Use of Non-CCB Anti-HT Drugs  Non-Use of Any Anti-HT Drugs

Characteristics Mean (SD) or %

(n =14,117) (n =27,991) (n =103,443)

Age, years 65.4 (7.0) 64.6 (7.0) 62.3(7.1)
Non-Hispanic white, % 722 81.5 84.1
Education status, %

<high school 2.5 1.7 1.5

High school but no college 38.6 35.8 28.9

College or above 58.9 62.5 69.6
Smoking status, %

Never 49.7 51.4 50.7

Former 424 417 40.9

Current 6.4 5.6 7.3

Missing 15 13 11
Alcohol, >3 drinks/day, % 9.6 10.2 12.3
BMI, kg/m? 30.1 (6.4) 29.8 (6.4) 27.2 (5.5)
BMI in kg/m?, %

<25 22.8 24.2 40.3

25-<30 33.2 33.8 34.9

>30 44.0 42.0 24.8
Waist to hip ratio 0.84 (0.08) 0.83 (0.08) 0.80 (0.08)
Recreational physical activity, MET-h 10.1 (12.1) 10.7 (12.4) 13.1 (14.2)
Diagnosed Hypertension, % 89.6 82.0 129
Pancreatitis, % 1.1 0.9 0.6
Self-report type 2 diabetes, % 135 10.3 35
Family history of cancer, % 61.1 62.3 63.6
Total fat, g/1000 cal 36.6 (9.4) 37.0(9.2) 36.1(9.3)
Saturated fat, g/1000 cal 12.0 (3.6) 12.2 (3.6) 12.1(3.7)
Red meat, servings/day 0.73 (0.66) 0.74 (0.62) 0.68 (0.58)
Clinical trial assignment, % 44 .4 44.8 44 .4
Anti-HT medication type, %

Short-acting CCBs 30.8 - -

Long-acting CCBs 69.8 - -

Dihydropyridine CCBs 74.9 - -

Non-dihydropyridine CCBs 25.4 - -
ACEi 13.4 33.8 -
B-blockers 11.6 344 -
Diuretics 30.6 54.3 -

ACEi = Angiotensin converting enzyme inhibitor; BMI = Body mass index; CCB = Calcium channel blocker;
MET = Metabolic equivalent.
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3.2. Anti-HT Medications and Risk of Pancreatic Cancer

Overall, hypertension at baseline was associated with moderately increased risk of pancreatic
cancer (multivariable HR = 1.18, 95% CI: 1.02-1.36). A 40% increased risk of pancreatic cancer was found
among users of CCBs compared with users of any other anti-HT medications. The association became
slightly attenuated when compared with non-users of any anti-HT medications. Non-statistically
significant inverse associations were found for the use of ACEi, 3-blocker, or diuretics with risk of
pancreatic cancer (Table 2). The associations did not alter significantly after restricting to participants
with diagnosed hypertension at baseline (Supplementary Table S1). After propensity score matching
was performed, 20.8% of CCB users were matched with 40.0% of other anti-HT medication users.
CCB use was still associated with increased risk of pancreatic cancer compared with users of other
anti-HT medications (HR = 1.52, 95% CI: 0.93-2.49) although not statistically significant. No association
was found between over-time CCB use (baseline plus year 3 and 6 follow-up) and risk of pancreatic
cancer (HR = 1.30, 95% CI: 0.90-1.86) compared with users of any other anti-HT medications in the
time-varying analysis.

Table 2. Baseline antihypertensive medication use status in association with risk of incident pancreatic cancer.

Medication Ever Use Reference Groups

o, 1 o, 2 o, 3
(CasealP-yre) (Cases/P-yre) HR (95% CI) HR (95% CD) HR (95% CI)

O 4
Use of other anti-HT meds 092 (0.70-121)  0.88 (0.66-1.16)  0.86 (0.66-1.14)

ACEi (205/399,060)
(66/143,598) Non-use of any anti-HT meds
(570/1,454,994) 1.06 (0.83-1.38) 0.91 (0.67-1.23) 0.86 (0.64-1.16)
Use of other anti-HT meds *
0.77 (058-1.03)  0.80(0.60-1.06)  0.80 (0.60-1.07)
B-blockers (210/395,597)
(61/147,061) Non-use of any anti-HT meds
(57071 154994 094 (072-122)  0.85(0.64-1.14) 082 (0.61-1.11)
Ny 4
Use of ‘(’;};r/gg;lslg meds 148 (1.16-1.88)  1.44(1.13-1.84)  1.40 (1.10-1.78)
CCBs ’
(114/175,149) Non-use of any anti-HT meds
(570/1,454,994) 1.45 (1.19-1.78) 1.28 (1.00-1.64) 1.20 (0.94-1.56)
Use of other anti-HT meds *
0.99 (0.78-1.26) 0.98 (0.77-1.24) 0.94 (0.74-1.20)
Diuretics (147/294,204)
(124/248,454) Non-use of any anti-HT meds
(570/1,454,994) 1.13 (0.93-1.38) 0.99 (0.78-1.26) 0.94 (0.73-1.20)

ACFi = Angiotensin converting enzyme inhibitor; CCB = Calcium channel blocker; P-yrs = Person-years. ! Adjusted
for age. 2 Adjusted for age at baseline, race/ethnicity (non-Hispanic White, Black, Hispanic, Asian or Pacific Islander
and American Indian/Alaska Native), BMI (<25, 25-<30, >30 kg/ m?), smoking status (never, former, current),
alcohol consumption (<3 drinks/day and >3 drinks/day), self-reported type 2 diabetes at baseline (yes or no) and
self-reported hypertension at baseline (yes or no). > Competing risks model with same covariates in 2. * Use of other
anti-HT medications (not including the one under study).

3.3. Duration of CCB Use and Risk of Pancreatic Cancer

Furthermore, we found only the use of short-acting CCBs was associated with an increased risk of
pancreatic cancer compared with the use of any other anti-HT medications. In addition, long-term use
of short-acting CCBs (>3 years) had a 107% (HR = 2.07, 95% CI: 1.42-3.02) higher risk of pancreatic
cancer (Table 3). Further analysis showed that the use of NDHP but not DHP, was associated with risk
of pancreatic cancer (Supplementary Table S2).
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Table 3. Use and duration of use of long-acting and short-acting CCBs in association with risk of

incident pancreatic cancer.

Medication Use

Cases/P-yrs

HR (95% CI) 1

HR (95% CI) 2

Use of other anti-HT drugs 3 201/419,944 1.00 (ref.) 1.00 (ref.)
Long-acting CCBs ever use 70/122,713 1.14 (0.87-1.51) 1.12 (0.85-1.47)
Long-acting CCBs use <3 years 35/60,987 1.16 (0.81-1.67) 1.14 (0.79-1.63)
Long-acting CCBs use >3 years 35/61,726 1.12 (0.78-1.61) 1.10 (0.77-1.58)
p trend 0.810 0.652

Use of other anti-HT drugs 3 226/488,958 1.00 (ref.) 1.00 (ref.)
Short-acting CCBs ever use 45/53,700 1.73 (1.25-2.38) 1.66 (1.20-2.28)
Short-acting CCBs use <3 years 14/24,916 1.20 (0.70-2.06) 1.15 (0.67-1.97)
Short-acting CCBs use >3 years 31/28,784 2.16 (1.48-3.15) 2.07 (1.42-3.02)

p trend

0.004

<0.001

CCB = Calcium channel blocker; P-yrs = Person-years; sSRAGE = soluble receptor for advance glycation end products.
! Adjusted for age at baseline, race/ethnicity (White (non-Hispanic), Black, Hispanic, Asian or Pacific Islander and
American Indian/ Alaska Native), BMI (<25, 25-<30 and >30 kg/ m?), smoking status (never, former and current),
alcohol consumption (<3 drinks/day and >3 drinks/day), self-reported type 2 diabetes at baseline (yes or no) and
self-reported hypertension at baseline (yes or no). 2 Competing risks model with same covariates in !. 3 Use of other
anti-HT drugs include all the rest anti-HT medications studied other than the one of interest.

3.4. sSRAGE, Anti-HT Medications and Risk of Pancreatic Cancer

The average sRAGE levels were significantly lower in short-acting CCB users than non-users
of any anti-HT medications (p = 0.021) and users of other anti-HT medications (p = 0.038) (Figure 1).
The sRAGE level for the monotherapy of each anti-HT medications did not differed significantly
(Supplementary Figure S1). In the stratified analysis by sSRAGE levels, a stronger association between
the CCB use and pancreatic cancer risk was observed only among women with below median sRAGE
level when compared with both users of other anti-HT medications (p for interaction = 0.26) and
non-users of any anti-HT medications (p for interaction = 0.12) (Table 4). We observed the same
interaction effect between sSRAGE and short acting CCB although the analysis was underpowered.
Nevertheless, adjustment of sSRAGE did not significantly change the association between short acting
CCBs use and risk of pancreatic cancer.

Table 4. Baseline CCB use status and risk of incident pancreatic cancer among participants with sSRAGE

measurements (n = 1522).

CCB Ever Use
(Cases/P-yrs)

Reference Groups
(Cases/P-yrs)

HR (95% CID 1

HR (95% CI) 2

p-Interaction

Use of other anti-HT drugs 3

Al 190,5260) 141 (1.00-1.97) 138 (0.98-1.94) 0.26
(61/2284) Non-use of any anti-HT drugs
(338/15,109) 112 (0.79-159) 1.1 (0.78-1.58) 0.12
. 3
Use of other anti-HT drugs 1.63 (1.08-2.46)  1.64 (1.08-2.48)
SRAGE < 1346 pg/mL (57/2783)
(45/1298) Non-use of any anti-HT drugs
(184 13939) 1.58 (1.01-2.46) 159 (1.02-2.48)
Use of other anti-HT drugs 3
552476) 1.02 (054-1.92)  1.01 (0.54-1.91)

sRAGE > 1346 pg/mL
(16/986)

Non-use of any anti-HT drugs
(154/10,169)

0.63 (0.34-1.18)

0.63 (0.34-1.18)

P-yrs = Person-years; sSRAGE = soluble receptor for advance glycation end products. ! Competing risk model
adjusted for age at baseline, race/ethnicity (non-Hispanic white, Black, Hispanic, Asian or Pacific Islander and
American Indian/Alaska Native), BMI (<25, 25-< 30 and >30 kg/ m?), smoking status (never, former and current),
alcohol consumption (<3 drinks/day and >3 drinks/day), self-reported type 2 diabetes at baseline (yes or no) and

self-reported hypertension at baseline (yes or no). 2 Adjusted for sSRAGE (pg/mL) in addition to covariates in !. 3

Use of other anti-HT drugs (not including the one under study).
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Non-use of any anti-HT medications (n=1,057) [N D .
Non g-blocker anti-HT use (n = 329) |G
Non short-acting ccB use (n=231)~ [ NGNS
Long acting CCB (1= 34
Shoracting CCB (1= 40) -
acein=72)
ouretes (n=132) A
plockers (1= 128)

0 200 400 600 800 1000 1200 1400 1600 1800
sRAGE (pg/mL)

Figure 1. Average serum sRAGE level by anti-HT medication use among controls in the WHI
Study (n = 1388). ACEi = Angiotensin converting enzyme inhibitor; CCB = Calcium channel blocker;
DHP = Dihydropyridine; NDHP = Non-dihydropyridine; sSRAGE = soluble receptor for advanced
glycation end products. * Including ever use of ACEi, diuretics, or CCB. ** Including ever use of
ACE;, diuretics, 3-blockers, or long-acting CCB. *** p < 0.05, Sidak multiple comparison adjustment
applied to compute p-value based on model adjusted for age at baseline, BMI (<25, 25-< 30 and
>30 kg/ m?), smoking status (never, former and current), alcohol consumption (3 drinks/day and
>3 drinks/day), self-reported type 2 diabetes at baseline (yes or no) and self-reported hypertension at
baseline (yes or no).

No statistically significant interaction was found for CCB use with BMI, WHR, cardiovascular
disease or diabetes (Supplementary Table S3). In the sensitivity analysis, the associations for each of
anti-HT medications remained after excluding pancreatic cancers identified in the initial two years of
follow-up (Supplementary Table S4). The association between other anti-HT medication use and risk
of pancreatic cancer also remained the same.

4. Discussion

In this large prospective cohort of postmenopausal women in the U.S., we hypothesized that the
anti-HT medications that hamper RAGE inflammatory signaling would be associated with reduced
risk of pancreatic cancer. Consistent with our hypothesis, we did observe a statistically non-significant
inverse association between 3-blockers use and risk of pancreatic cancer. However, contrary to our
hypothesis, we found that short-acting CCBs use was associated with an increased risk of pancreatic
cancer, especially among long-term users. Furthermore, we found that 3-blockers use was associated
with non-statistically significant higher levels of SRAGE and short-acting CCBs use was associated with
statistically significant lower levels of SRAGE compared with the use of other anti-HT medications.
The association between CCBs use and short-acting CCBs use and pancreatic cancer also differed by
sRAGE levels.

CCBs, also known as calcium antagonists, result in lower blood pressure by preventing calcium
from entering vascular smooth muscle and thus relax and dilate blood vessels [23]. Previous cell and
animal studies found that CCBs can prevent pancreatic cancer development [24] and retard pancreatic
cancer progression [25,26]. An in vitro study also found that CCBs can lower the mRNA expression
levels of RAGE and block AGE-induced RAGE gene induction [12]. Therefore, we would expect an
inverse association between CCBs use and risk of pancreatic cancer.

However, we observed a positive association between short-acting and NDHP CCB use and
risk of pancreatic cancer. A significantly lower sRAGE level was also found among short-acting
CCB users, compared with women who used other anti-HT medications. sRAGE could mitigate
the inflammatory response by blocking RAGE-ligand binding [8]. Our previous study showed the
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significant inverse association between sRAGE and risk of pancreatic cancer [7]. It is unknown whether
the antagonism of the calcium channel reduced sSRAGE release to circulation. Furthermore, the positive
association between short-acting CCB use and risk of pancreatic cancer was not seen among those
with higher levels of sSRAGE. It is possible that the anti-inflammatory effect of SRAGE may counteract
the detrimental effect of CCBs when circulating sSRAGE levels were high. In our study population,
the increased risk among NDHP CCB users could be mainly due to the use of short-acting CCBs
because approximately 80% of NDHP CCBs were categorized as short-acting CCBs.

Although B-blocker has been shown to protect against pancreatic cancer development by arresting
pancreatic cancer cell growth and inducing apoptosis as well as been shown to increase sSRAGE
levels [27], we did not observe a significant inverse association between use of (3-blocker and risk of
pancreatic cancer. Additional studies are needed to confirm the observed non-significant inverse
association between (-blocker and risk of incident pancreatic cancer. Unlike a previous study
conducted in diabetic mice [28], we did not observe increased sRAGE levels among ACEi users.
In our study, ACEi and diuretics were not associated with risk of developing pancreatic cancer.
Likewise, a previous nested case-control study in UK did not find the association between status and
the duration of ACEi use and risk of pancreatic cancer [29].

CCBs was approved as a first line treatment medication for hypertension by U. S. Food and Drug
Administration (FDA) in 1989 [30,31]. At the baseline of the WHI study 1993-1998, CCBs were the most
commonly used monotherapy for hypertension management [32]. Our study found potential long-term
detrimental effect of short-acting CCB use as a potential novel risk factor for pancreatic cancer in
postmenopausal women. Although the use of short-acting CCBs declines through the years since their
multiple side effects reported in late 1990s [33], its use is still lingering in clinical practice [34]. Given
many anti-HT medications are currently available, our study suggested short-acting CCBs should not
be used for routine care for patients with hypertension.

The strengths of this study included the long follow-up time among a large cohort of
postmenopausal women, complete ascertainment of cases, comprehensive evaluation of confounding
factors, detailed record of medication use before baseline, a robust research approach including
the examination of CCBs by formulations and potential mechanistic insight into our observations.
Nevertheless, our study had several limitations. The findings may not be generalizable to men,
to pre-menopausal women, or to post-menopausal women that substantially differ from the U.S. in
prevalence of underlying risk factors for pancreatic cancer like diabetes and obesity and with different
rates of hypertension and use of CCBs. Also, the data on sSRAGE were available only for a subset of
participants, making this mechanistic insight novel but exploratory. The finding of the excess risk
particularly in the subgroup of women using short-acting CCBs was based on a smaller sample size
requiring qualified interpretation and need for replication in other larger studies. The time-varying
analysis and propensity score analyses in general supported the positive association between CCB use
and risk of pancreatic cancer. However, due to reduced use of CCBs in the study population (33% at
baseline, 22% three years after baseline in CT and OS and 20% six years after baseline in CT), the HR
generated from time varying analysis was not statistically significant. Because the monotherapy was
uncommon, we were not able to examine the association by monotherapy due to smaller sample
size. Likewise, the ARB use was uncommon in our study population (3.7%) and its association
with pancreatic cancer was thus not evaluated. Lastly, the possibility of confounding effects related
to prevalent use of CCBs, indication/contraindication to use of short-acting CCBs, and/or other
unrecognized risk factors cannot be excluded [35].

5. Conclusions

It is important to manage hypertension to prevent major adverse health consequences. We found
that the use of commonly prescribed anti-HT medications was not significantly associated with
risk of pancreatic cancer. Short-acting CCBs may potentially be a risk factor for pancreatic cancer
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in post-menopausal women. Further studies are needed to understand the common pathogenic
mechanism shared by hypertension and pancreatic cancer such as RAGE signaling.

Supplementary Materials: The following are available online at http:/ /www.mdpi.com/2077-0383/7/8/197/s1,
Table S1: Baseline antihypertensive medication use status in association with risk of incident pancreatic cancer
among subjects with self-report hypertension, Table S2: The duration of use of DHP- and non-DHP CCBs in
association with risk of incident pancreatic cancer, Table S3: Baseline CCB use and risk of incident pancreatic
cancer by potential effect modifiers in the WHI Study, Table S4: Duration of CCB use at baseline and risk of
incident pancreatic cancer after excluding first 2 years of follow-up, Figure S1: Average serum sRAGE level by
single anti-HT medication use among controls in the WHI Study (1 = 1346).

Author Contributions: L.J., D.L.W., H.B.E.-S. and Z.W. conceptualized and designed the study; E.A.W. R.H.,
collected the original data; Z.W., L.C., and P.A.R. analyzed the data; L.J.; ZW., HB.E.-S,, D.LW, S.S.V,, EAW.,,
and J.M.G and interpreted the data; P.A.R. helped with the statistical analysis and quality control; Z.W. and D.L.W.
drafted the original manuscript; Z.W., D.L.W,, RH., EAW,, SS.V,, ]JM.G., HB.E.-S. and L.J. contributed to the
critical review and revisions of the manuscript.

Funding: This research was funded by the National Cancer Institute (SR01CA172880, PI: L.J.) and Houston
Veterans Affairs Health Services Research Center of Innovations (CIN13-413, PI: P.L.). The WHI program is
funded by the National Heart, Lung and Blood Institute, National Institutes of Health, US Department of
Health and Human Services through contracts NO1WH22110, 24152, 32100-2, 32105-6, 32108-9, 32111-13, 32115,
32118-32119, 32122, 42107-26, 42129-32 and 44221 and the Cancer Center Support Grant NIH:NCI P30CA022453.
Research Training Grant from the Cancer Prevention and Research Institute of Texas (RP160097, PI: M.S.).

Acknowledgments: We acknowledge the dedicated effort of the investigators and staff at the Women’s Health
Initiative clinical centers, the WHI Clinical Coordinating Center and the National Heart, Lung and Blood program
office (listing available at http:/ /www.whi.org). We also recognize the WHI participants for their commitment
to the WHI program. For a list of all the investigators who have contributed to WHI science, please visit:
http:/ /www.whiscience.org/publications/WHI_investigators_longlist.pdf. Additionally, we would like to thank
the Cancer Prevention and Research Institute of Texas (CPRIT) for supporting research training for Z.W.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  National Center for Health Statistics. Health, United States, 2015: With Special Feature on Racial and
Ethnic Health Disparities. Available online: https://www.ncbi.nlm.nih.gov/books/NBK367640 (accessed
on 6 June 2018).

2. Midha, S.; Chawla, S.; Garg, PK. Modifiable and non-modifiable risk factors for pancreatic cancer: A review.
Cancer Lett. 2016, 381, 269-277. [CrossRef] [PubMed]

3. Yoon, S.S.; Fryar, C.D.; Carroll, M.D. Hypertension Prevalence and Control among Adults: United States,
2011-2014; NCHS Data Brief, no 220; National Center for Health Statistics: Hyattsville, MD, USA, 2015.

4. National Cancer Institute. Available online: https:/ /seer.cancer.gov/statfacts/html/livibd.html (accessed
on 6 June 2018).

5. Bangalore, S.; Kumar, EH. Antihypertensive drugs and risk of cancer: Network meta-analyses and trial
sequential analyses of 324,168 participants from randomised trials. Lancet Oncol. 2011, 12, 65-82. [CrossRef]

6.  Jiao, L.; Weinstein, S.J.; Albanes, D.; Taylor, PR.; Graubard, B.L; Virtamo, J.; Stolzenberg, S.R.Z. Evidence
that serum levels of the soluble receptor for advanced glycation end products are inversely associated with
pancreatic cancer risk: A prospective study. Cancer Res. 2011, 71, 3582-3589. [CrossRef] [PubMed]

7. White, D.L.; Hoogeveen, R.C.; Chen, L.; Richardson, P.; Ravishankar, M.; Shah, P.; Tinker, L.; Rohan, T,;
Whitsel, E.A.; El, S.H.B.; et al. A prospective study of soluble receptor for advanced glycation end products
and adipokines in association with pancreatic cancer in postmenopausal women. Cancer Med. 2018, 7,
2180-2191. [CrossRef] [PubMed]

8. Vazzana, N.; Santilli, F;; Cuccurullo, C.; Davi, G. Soluble forms of RAGE in internal medicine. Intern. Emerg. Med.
2009, 4, 389—401. [CrossRef] [PubMed]

9.  Lanati, N.; Emanuele, E.; Brondino, N.; Geroldi, D. Soluble RAGE-modulating drugs: State-of-the-art and
future perspectives for targeting vascular inflammation. Curr. Vasc. Pharmacol. 2010, 8, 86-92. [CrossRef]
[PubMed]

10. Derosa, G.; Bonaventura, A.; Romano, D.; Bianchi, L.; Fogari, E.; D’Angelo, A.; Maffioli, P. Effects of
enalapril/lercanidipine combination on some emerging biomarkers in cardiovascular risk stratification in
hypertensive patients. J. Clin. Pharm. Ther. 2014, 39, 277-285. [CrossRef] [PubMed]


http://www.mdpi.com/2077-0383/7/8/197/s1
http://www.whi.org
http://www.whiscience.org/publications/WHI_investigators_longlist.pdf
https://www.ncbi.nlm.nih.gov/books/NBK367640
http://dx.doi.org/10.1016/j.canlet.2016.07.022
http://www.ncbi.nlm.nih.gov/pubmed/27461582
https://seer.cancer.gov/statfacts/html/livibd.html
http://dx.doi.org/10.1016/S1470-2045(10)70260-6
http://dx.doi.org/10.1158/0008-5472.CAN-10-2573
http://www.ncbi.nlm.nih.gov/pubmed/21540233
http://dx.doi.org/10.1002/cam4.1426
http://www.ncbi.nlm.nih.gov/pubmed/29573228
http://dx.doi.org/10.1007/s11739-009-0300-1
http://www.ncbi.nlm.nih.gov/pubmed/19727582
http://dx.doi.org/10.2174/157016110790226642
http://www.ncbi.nlm.nih.gov/pubmed/19485931
http://dx.doi.org/10.1111/jcpt.12139
http://www.ncbi.nlm.nih.gov/pubmed/24635387

J. Clin. Med. 2018, 7, 197 11 0f12

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Takahashi, HK.; Mori, S.; Liu, K.; Wake, H.; Zhang, J.; Liu, R.; Yoshino, T.; Nishibori, M. Beta2-adrenoceptor
stimulation inhibits advanced glycation end products-induced adhesion molecule expression and cytokine
production in human peripheral blood mononuclear cells. Eur. J. Pharmacol. 2010, 627, 313-317. [CrossRef]
[PubMed]

Matsui, T.; Yamagishi, S.; Takeuchi, M.; Ueda, S.; Fukami, K.; Okuda, S. Nifedipine inhibits advanced
glycation end products (AGEs) and their receptor (RAGE) interaction-mediated proximal tubular cell injury
via peroxisome proliferator-activated receptor-gamma activation. Biochem. Biophys. Res. Commun. 2010, 398,
326-330. [CrossRef] [PubMed]

Rossouw, J.; Anderson, G.; Oberman, A. Baseline Monograph—Foreword. Ann. Epidemiol. 2003, 13, S1-54.
[CrossRef]

Anderson, G.; Cummings, S.; Freedman, L.S.; Furberg, C.; Henderson, M.; Johnson, S.R.; Kuller, L.; Manson, J.;
Oberman, A.; Prentice, R.L.; et al. Design of the Women'’s Health Initiative clinical trial and observational
study. The Women’s Health Initiative Study Group. Control. Clin. Trials 1998, 19, 61-109.

Women’s Health Intitiative (WHI) Dataset Documentation. Available online: https://www.whi.org/
researchers/data/WhiDataDict/f44_ctos_inv.pdf (accessed on 8 February 2018).

Curb, J.D.; McTiernan, A.; Heckbert, S.R.; Kooperberg, C.; Stanford, J.; Nevitt, M.; Johnson, K.C.; Proulx, B.L.;
Pastore, L.; Criqui, M.; et al. WHI Morbidity and Mortality Committee Outcomes ascertainment and
adjudication methods in the Women’s Health Initiative. Ann. Epidemiol. 2003, 13, S122-5128. [CrossRef]
Anderson, G.L.; Manson, J.; Wallace, R.; Lund, B.; Hall, D.; Davis, S.; Shumaker, S.; Wang, C.Y,; Stein, E.;
Prentice, R.L. Implementation of the Women’s Health Initiative study design. Ann. Epidemiol. 2003, 13,
S5-517. [CrossRef]

Chen, L.; Duan, Z.; Tinker, L.; Sangi-Haghpeykar, H.; Strickler, H.; Ho, G.Y.F,; Gunter, M.].; Rohan, T,;
Logsdon, C.; White, D.L.; et al. A prospective study of soluble receptor for advanced glycation end-products
and colorectal cancer risk in postmenopausal women. Cancer Epidemiol. 2016, 42, 115-123. [CrossRef]
[PubMed]

Fine, J.; Grey, R. A proportional hazards model for the subdistribution of a competing risk. J. Am. Stat. Assoc.
1999, 94, 496-509. [CrossRef]

Analysis of Survival Data | Taylor & Francis Group. Available online: https://www.taylorfrancis.com/
books /9781351466615 (accessed on 17 May 2018).

Sidék, Z. Rectangular confidence regions for the means of multivariate normal distributions. J. Am. Stat. Assoc.
1967, 62, 626-633. [CrossRef]

Brookhart, M.A.; Wyss, R.; Layton, J.B.; Stiirmer, T. Propensity score methods for confounding control in
nonexperimental research. Circ. Cardiovasc. Qual. Outcomes 2013, 6, 604—611. [CrossRef] [PubMed]

Elliott, W.J.; Ram, C.V.S. Calcium channel blockers. |. Clin. Hypertens. Greenwich Conn. 2011, 13, 687-689.
[CrossRef] [PubMed]

Al-Wadei, H.A.; Al-Wadei, M.H.; Schuller, HM. Prevention of pancreatic cancer by the beta-blocker
propranolol. Anticancer Drugs 2009, 20, 477-482. [CrossRef] [PubMed]

Lin, X.; Luo, K,; Lv, Z.; Huang, ]. Beta-adrenoceptor action on pancreatic cancer cell proliferation and tumor
growth in mice. Hepatogastroenterology 2012, 59, 584-588. [PubMed]

Sato, K.; Ishizuka, J.; Cooper, C.W.; Chung, D.H.; Tsuchiya, T.; Uchida, T.; Rajaraman, S.; Townsend, C.M.;
Thompson, J.C. Inhibitory effect of calcium channel blockers on growth of pancreatic cancer cells. Pancreas
1994, 9, 193-202. [CrossRef] [PubMed]

Zhang, D.; Ma, Q.; Wang, Z.; Zhang, M.; Guo, K.; Wang, F.; Wu, E. 2-adrenoceptor blockage induces G1/S
phase arrest and apoptosis in pancreatic cancer cells via Ras/Akt/NF«B pathway. Mol. Cancer 2011, 10, 146.
[CrossRef] [PubMed]

Forbes, ] M.; Thorpe, S.R.; Thallas, B.V,; Pete, J.; Thomas, M.C.; Deemer, E.R.; Bassal, S.; El, O.A.; Long, D.M.;
Panagiotopoulos, S.; et al. Modulation of soluble receptor for advanced glycation end products by
angiotensin-converting enzyme-1 inhibition in diabetic nephropathy. JASN 2005, 16, 2363-2372. [CrossRef]
[PubMed]

Mandilaras, V.; Bouganim, N.; Yin, H.; Asselah, J.; Azoulay, L. The use of drugs acting on the
renin-angiotensin system and the incidence of pancreatic cancer. Br. J. Cancer 2017, 116, 103-108. [CrossRef]
[PubMed]


http://dx.doi.org/10.1016/j.ejphar.2009.10.034
http://www.ncbi.nlm.nih.gov/pubmed/19857486
http://dx.doi.org/10.1016/j.bbrc.2010.06.093
http://www.ncbi.nlm.nih.gov/pubmed/20599709
http://dx.doi.org/10.1016/S1047-2797(03)00041-3
https://www.whi.org/researchers/data/WhiDataDict/f44_ctos_inv.pdf
https://www.whi.org/researchers/data/WhiDataDict/f44_ctos_inv.pdf
http://dx.doi.org/10.1016/S1047-2797(03)00048-6
http://dx.doi.org/10.1016/S1047-2797(03)00043-7
http://dx.doi.org/10.1016/j.canep.2016.04.004
http://www.ncbi.nlm.nih.gov/pubmed/27100837
http://dx.doi.org/10.1080/01621459.1999.10474144
https://www.taylorfrancis.com/books/9781351466615
https://www.taylorfrancis.com/books/9781351466615
http://dx.doi.org/10.1080/01621459.1967.10482935
http://dx.doi.org/10.1161/CIRCOUTCOMES.113.000359
http://www.ncbi.nlm.nih.gov/pubmed/24021692
http://dx.doi.org/10.1111/j.1751-7176.2011.00513.x
http://www.ncbi.nlm.nih.gov/pubmed/21896151
http://dx.doi.org/10.1097/CAD.0b013e32832bd1e3
http://www.ncbi.nlm.nih.gov/pubmed/19387337
http://www.ncbi.nlm.nih.gov/pubmed/22353526
http://dx.doi.org/10.1097/00006676-199403000-00009
http://www.ncbi.nlm.nih.gov/pubmed/8190721
http://dx.doi.org/10.1186/1476-4598-10-146
http://www.ncbi.nlm.nih.gov/pubmed/22118662
http://dx.doi.org/10.1681/ASN.2005010062
http://www.ncbi.nlm.nih.gov/pubmed/15930093
http://dx.doi.org/10.1038/bjc.2016.375
http://www.ncbi.nlm.nih.gov/pubmed/27846200

J. Clin. Med. 2018, 7, 197 12 0of 12

30.

31.

32.

33.

34.

35.

Chobanian, A.V.; Bakris, G.L.; Black, H.R.; Cushman, W.C.; Green, L.A.; 1zzo, ].L.; Jones, D.W.; Materson, B.J.;
Oparil, S.; Wright, J.T.; et al. Seventh report of the joint national committee on prevention, detection,
evaluation, and treatment of high blood pressure. Hypertension 2003, 42, 1206-1252. [CrossRef] [PubMed]
James, P.A.; Oparil, S.; Carter, B.L.; Cushman, W.C.; Dennison, H.C.; Handler, J.; Lackland, D.T.; LeFevre, M.L.;
MacKenzie, T.D.; Ogedegbe, O.; et al. 2014 evidence-based guideline for the management of high blood
pressure in adults: Report from the panel members appointed to the Eighth Joint National Committee
(JNC 8). JAMA 2014, 311, 507-520. [CrossRef] [PubMed]

Wassertheil, S.S.; Anderson, G.; Psaty, B.M.; Black, H.R.; Manson, J.; Wong, N.; Francis, J.; Grimm, R;
Kotchen, T.; Langer, R.; et al. Hypertension and its treatment in postmenopausal women: Baseline data from
the Women'’s Health Initiative. Hypertension 2000, 36, 780-789. [CrossRef]

Marwick, C. FDA gives calcium channel blockers clean bill of health but warns of short-acting nifedipine
hazards. JAMA 1996, 275, 423-424. [CrossRef] [PubMed]

Chou, C.L.; Chou, C.Y,; Hsu, C.C.; Chou, Y.C.; Chen, TJ.; Chou, L.E. Old habits die hard: A nationwide
utilization study of short-acting nifedipine in Taiwan. PLoS ONE 2014, 9, e91858. [CrossRef] [PubMed]
Danaei, G.; Tavakkoli, M.; Herndn, M.A. Bias in observational studies of prevalent users: Lessons for
comparative effectiveness research from a meta-analysis of statins. Am. J. Epidemiol. 2012, 175, 250-262.
[CrossRef] [PubMed]

@ © 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http:/ /creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1161/01.HYP.0000107251.49515.c2
http://www.ncbi.nlm.nih.gov/pubmed/14656957
http://dx.doi.org/10.1001/jama.2013.284427
http://www.ncbi.nlm.nih.gov/pubmed/24352797
http://dx.doi.org/10.1161/01.HYP.36.5.780
http://dx.doi.org/10.1001/jama.1996.03530300007004
http://www.ncbi.nlm.nih.gov/pubmed/8627948
http://dx.doi.org/10.1371/journal.pone.0091858
http://www.ncbi.nlm.nih.gov/pubmed/24637880
http://dx.doi.org/10.1093/aje/kwr301
http://www.ncbi.nlm.nih.gov/pubmed/22223710
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Methods 
	Study Population 
	Ascertainment of Medication Use 
	Ascertainment of Pancreatic Cancer 
	Data Collection 
	Measurement of sRAGE 
	Statistical Analysis 

	Results 
	Baseline Characteristics of Participants 
	Anti-HT Medications and Risk of Pancreatic Cancer 
	Duration of CCB Use and Risk of Pancreatic Cancer 
	sRAGE, Anti-HT Medications and Risk of Pancreatic Cancer 

	Discussion 
	Conclusions 
	References

