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ABSTRACT
Background: The prognosis of pancreatic cancer is poor and new treatment strategies are urgently
needed. To identify non-cancer drugs that could be re-purposed for cancer, we investigated the asso-
ciation between the use of selected drugs and cancer-specific mortality in a nationwide cohort of pan-
creatic cancer patients.
Material and methods: The study is based on linkage between the Cancer Registry of Norway and
the Norwegian Prescription Database, comprising 2614 pancreatic cancer patients diagnosed between
2007 and 2014. We evaluated the association between use at diagnosis of a pre-defined list of non-
cancer drugs, including metformin, antihypertensives, and statins, and pancreatic cancer-specific mor-
tality, using Cox regression. Patients were defined as users of a particular drug if it was prescribed
before diagnosis, and the prescription covered the date of diagnosis.
Results: In total, 2096 (80.2%) patients died from pancreatic cancer; median survival was 6months.
Statin users (n¼ 621) had lower mortality (hazard ratio (HR): 0.86; 95% confidence interval (CI)
0.76–0.97) compared to non-users (n¼ 1993). This association was more pronounced (P-heterogeneity
0.062) in users of hydrophilic (n¼ 37, HR: 0.61; 95% CI 0.42–0.90) than lipophilic (n¼ 587, HR: 0.87;
95% CI 0.78–0.98) statins. An indication for lower mortality (HR: 0.85; 95% CI 0.69–1.05) was observed
in users of non-selective beta-blockers (n¼ 113) compared to non-users (n¼ 2501). Notably, when
compared to users of other antihypertensives (n¼ 643), users of non-selective beta-blockers (n¼ 40)
had lower mortality (HR 0.67; 95% CI 0.47–0.96). The use of other drugs, including selective beta-block-
ers and metformin, was not associated with mortality.
Conclusion: The findings suggest an association between the use of statins and non-selective beta-
blockers and reduced pancreatic cancer mortality, and add to the literature supporting the design of
randomised clinical trials to evaluate those drugs in the management of pancreatic cancer.
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Background

Pancreatic cancer has a poor prognosis, with a 5-year survival
rate of 5–9%, representing the 4th and 7th leading cause of
cancer-related deaths in Europe and worldwide, respectively
[1–3]. There is currently no standard screening program for
pancreatic cancer, and most patients remain asymptomatic
until the disease reaches an advanced stage. Surgical resec-
tion, followed by adjuvant chemotherapy, is offered to the
minority of patients with resectable disease and is still
regarded as the only potentially curative treatment.
Immunotherapy and targeted therapy are promising emerg-
ing therapeutic options, although no clinically relevant bene-
fit in survival has been shown so far [4]. New treatment
strategies for this group of patients are therefore
urgently needed.

Repurposing available and well-known non-cancer drugs
is a recognised strategy that could provide new and

affordable treatment options, with few safety concerns [5].
Epidemiological studies have suggested that various non-
cancer drugs, such as b-adrenergic receptor antagonists
(beta-blockers) [6,7], angiotensin receptor blockers, angioten-
sin-converting enzyme (ACE) inhibitors [8,9], statins, and met-
formin [10,11], may be associated with improved pancreatic
cancer prognosis. Most of these studies did not provide
results for pancreatic cancer-specific mortality [7,8], which
may misrepresent the significance of the findings since the
use of these drugs is associated with serious comorbidities.
In addition, dose-response analyses were also lacking in
many of the studies [7,8,11].

Some of the abovementioned drugs, including metformin
[12–14], angiotensin receptor blockers [15], and statins [16]
have been evaluated in clinical trials. However, many of
these trials have been negative or inconclusive. Therefore,
the effectiveness of repurposed drugs remains uncertain, and
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new large epidemiological studies are needed to identify
directions for further investigation and to support the initi-
ation of new clinical trials.

Based on the existing evidence for drug repurposing for
pancreatic cancer [17], we studied the association between
the use of 14 promising drugs/drug classes and pancreatic
cancer prognosis in a nationwide cohort of pancreatic cancer
patients. The list included proton-pump inhibitors, metfor-
min, anticoagulants, antiplatelets, diuretics, beta-blockers, cal-
cium channel blockers, ACE inhibitors, angiotensin receptor
blockers, statins, non-aspirin non-steroid anti-inflammatories
(NA-NSAIDs), cyclooxygenase-2 (COX-2) inhibitors, bisphosph-
onates, and antidepressants.

Material and methods

Data source and study population

This study used data from a large linkage between Norwegian
registries, which has been detailed elsewhere [18]. Briefly, all
subjects, aged 18–84, with a cancer diagnosis between 1st
January 2007 and 31st December 2014 were identified from
the Cancer Registry of Norway (CRN). For these patients, can-
cer information, sex and age were obtained from the CRN.
Prescribed medications were collected from the Norwegian
Prescription Database, classified according to the Anatomical
Therapeutic Chemical (ATC) classification system [19]. The
Norwegian Patient Registry (NPR) provided comorbidity infor-
mation (only available from 2008). This information was sum-
marised using the Norwegian Patient Registry Index, which is
a 15 level modified version of the Charlson Comorbidity
Index. [20]. Time and cause of death were obtained from the
Norwegian Cause of Death Registry.

We identified all patients with a first primary pancreatic
cancer diagnosis (n¼ 3599) using the International
Classification of Diseases (ICD) 10th revision (code C25) and
excluded patients with cancer of the pancreas other than
adenocarcinoma (n¼ 422) and missing histology (n¼ 563),
leaving us with a final study sample of 2614. Pancreatic can-
cer patients were followed up until death, emigration, or 31
December 2014, whichever occurred first.

The study was approved by The Regional Committee for
Medical and Health Research Ethics in the South-East Health
Region of Norway (2016/352 Identifikasjon av karsinogene og
kjemopreventive effekter av reseptpliktige legemidler) and
the Norwegian Data Protection Authority.

Drug use

We examined the use of the following drugs/drug classes:
proton pump inhibitors, metformin, anticoagulants, antiplate-
lets, diuretics, beta-blockers, calcium channel blockers, ACE
inhibitors, angiotensin receptor blockers, statins, NA-NSAIDs,
COX-2 inhibitors, bisphosphonates, and antidepressants.
Based on previous evidence supporting a differential effect
between selective and non-selective beta-blockade [21],
beta-blockers were separated into selective and non-select-
ive. Statins were separated into lipophilic and hydrophilic

and antidepressants into non-selective monoamine reuptake
inhibitors, selective serotonin reuptake inhibitors, and other
antidepressants. The drugs were combined into classes
because the number of users of specific drugs was not suffi-
cient to perform drug-level analyses for drugs other than
metformin. Combination drugs were categorised in all
groups they belonged to, for instance, beta-blockers and
thiazides (C07B) were categorised as both beta-blockers and
diuretics. ATC codes for each drug class are reported in
Supplementary Table S1. Patients were defined as users of a
particular drug at diagnosis if they were prescribed that drug
before diagnosis, and the prescription covered the day of
diagnosis. We chose to define exposure as use at diagnosis
to recapitulate the situation where treatment strategy is
decided at diagnosis and commences soon after. The dur-
ation of a prescription was based on the defined daily dose
(DDD), which is the assumed average maintenance dose per
day for a drug used for its main indication in adults, defined
by the WHO International Working Group for Drug Statistics
Methodology. We assumed that the duration of each pre-
scription equalled the prescribed DDD.

Statistical analysis

Cause-specific hazard ratios (HRs) with 95% confidence inter-
vals (CIs) for pancreatic cancer-specific mortality were esti-
mated with Cox regression, comparing users and non-users
of a particular drug or drug class. Adjustments were made
for sex, age as a continuous variable, comorbidity index (cat-
egorised as 0, 1–2, and 3–7) [20], and stage (categorised as
localised, regionally advanced, and metastatic). All drugs
under investigation were also adjusted for each other, that
is, the main drug groups were adjusted for the other main
drug groups while the subgroups were adjusted for main
drug groups and subgroups if available. Possible sex differen-
ces in associations between drug use and pancreatic cancer
mortality were tested with interaction terms. Missing values
of comorbidity index and stage were handled by multiple
imputations with chained equations, assuming that the miss-
ing values are missing at random [22]. The imputation model
included the outcome and all drug exposures and adjust-
ment variables. We imputed 25 data sets and the estimates
and standard errors were combined using Rubin’s rule [23].
Proportionality was assessed with Schoenfeld residuals.

Adjusted cumulative incidence functions for pancreatic
cancer-specific mortality according to the use of beta-block-
ers and statins were estimated with flexible parametric mod-
els using splines with 5 degrees of freedom by averaging
over the predicted individual level cumulative incidence
functions [24]. In these analyses missing values were handled
with missing indicators.

We first analysed the association between use at diagno-
sis of the 14 pre-defined drugs/drug classes (including sub-
groups of beta-blockers, statins, and antidepressants) and
pancreatic cancer mortality in all patients, and also stratified
by stage (i.e., localised or regionally advanced and meta-
static). For metformin, beta-blockers, angiotensin receptor
blockers, and statins, we further analysed the associations
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according to the low and high average daily dose. This was
estimated by the sum of all DDDs in a two-year window
prior to diagnosis (excluding the last prescription) divided by
the number of days between first and last prescription. The
average daily dose was categorised as low (�1 DDD per day)
and high (>1 DDD per day). In secondary analyses we com-
pared users of beta-blockers and angiotensin receptor block-
ers with users of other antihypertensives (diuretics (C03)
and/or calcium channel blockers (C08) and/or ACE inhibitors),
and compared metformin users with users of any anti-dia-
betics (A10) not containing metformin. Patients using either
(a) beta-blockers and other antihypertensive drugs, or (b)
angiotensin receptor blockers and other anti-hypertensives,
or (c) metformin and other anti-diabetic drugs, were not
defined as users of either individual drug but were categor-
ised in combination groups.

Heterogeneity between hydrophilic and lipophilic statins,
between selective and non-selective beta-blockers, and
between non-selective monoamine reuptake inhibitors and
selective serotonin reuptake inhibitors were tested with an
active comparator design. In those analyses, users of only
hydrophilic statins were compared to users of only lipophilic
statins, and users of only non-selective beta-blockers were
compared to users of only selective beta-blockers, and users
of only non-selective monoamine reuptake inhibitors were
compared to users of only selective serotonin reuptake
inhibitors. All tests were two-sided with a 5% statistical
significance level. All statistical analyses were performed
using R version 3.4.4 (http://cran.r-project.org) and the R-
package mexhaz, version 1.5 for adjusted cumulative inci-
dence curves.

Results

We analysed data from 2614 pancreatic cancer patients, with
a median follow-up of 6months. We observed 2255 (86.3%)
deaths from any cause and 2096 (80.2%) from pancreatic
cancer. The median age at diagnosis was 67 years, 51.4% of
the patients were men and 62.9% had no registered comor-
bidity (Table 1). The majority of patients were diagnosed
with metastatic disease (60.8%) and did not receive surgery
with curative intent for the primary tumour (78.7%).
Characteristics of the patients according to the use of the 14
drugs are reported in Supplementary Tables S2A-N.

Patients using proton pump inhibitors (HR:1.16; 95% CI
0.05–1.30), anticoagulants (HR: 1.32; 95% CI 1.16–1.50), anti-
platelets (HR: 1.14; 95% CI 1.01–1.29), NA-NSAIDs (HR:1.29;
95% CI 1.12–1.49) or antidepressants (HR:1.32; 95% CI
1.12–1.56) had higher pancreatic cancer mortality compared
to non-users (Table 2).

Patients using statins (HR: 0.86; 95% CI 0.76–0.97) had
lower pancreatic cancer mortality compared to non-users (1-
year cumulative probability of pancreatic cancer-specific
death 0.64 (95% CI 0.61–0.68) versus 0.67 (95% CI 0.65–0.69),
Figure 1). We observed an indication for heterogeneity
(p¼ 0.062) between hydrophilic statin users (HR: 0.61; 95% CI
0.42–0.90), 1 year cumulative probability 0.54 (95% CI
0.43–0.65) versus 0.67 (95% CI 0.66–0.69) and lipophilic statin

users (HR: 0.87; 95% CI 0.78–0.98), 1 year cumulative prob-
ability 0.65 (95% CI 0.61–0.68) versus 0.68 (95% CI 0.66–0.70).
The lower mortality in users of hydrophilic statin was more
pronounced with high dose (HR:0.57; 95% CI 0.35–0.93) than
the low dose (HR:0.76, 95% CI 0.42–1.39) (Table 3), although
was not significantly different (p¼ 0.465). In lipophilic statin
users, no clear dose-response trend was observed.

The use of beta-blockers was not associated with pancre-
atic cancer mortality. The HR for patients using non-selective
beta-blockers compared to non-users was 0.85, 95% CI
0.69–1.05 (Table 2) and for high dose non-selective beta-
blocker users it was 0.74, 95% CI 0.54–1.01 (Table 3). When
compared to patients using diuretics and/or calcium channel
blockers and/or ACE inhibitors, non-selective beta-blocker
users had a significantly lower mortality (HR: 0.67, 95% CI
0.47–0.96, Table 4). Metastatic patients using angiotensin
receptor blockers had lower pancreatic cancer mortality (HR:
0.84, 95% CI 0.72–0.99) compared to non-users (Table 2). No
other drugs were associated with pancreatic cancer mortality.
Results were similar in non-metastatic and metastatic pancre-
atic cancer patients, in patients resected and not resected for
their primary tumour (data not shown), and no interactions
with sex were observed. In an exploratory analysis, no signifi-
cant heterogeneity between non-selective monoamine
reuptake inhibitors and selective serotonin reuptake inhibi-
tors was observed (p¼ 0.220).

Discussion

To evaluate the potential for repurposing existing drugs for
pancreatic cancer, we investigated the association between
the use of 14 non-cancer drugs and cancer-specific mortality
in a nationwide cohort of 2,614 pancreatic cancer patients.
We found a beneficial association between use of statins,
especially hydrophilic statins, and the use of non-selective
beta-blockers, and pancreatic cancer specific mortality. We
found no association between use of metformin, diuretics,

Table 1. Baseline characteristics of 2614 patients diagnosed with pancreatic
adenocarcinoma in Norway from 2007 to 2014.

n (%)

Age in years
Median (Q1, Q3) 67.0 (60.0, 74.0)
18–59 617 (23.6)
60–64 440 (16.8)
65–69 513 (19.6)
70–74 437 (16.7)
75–84 607 (23.2)

Sex
Female 1270 (48.6)
Male 1344 (51.4)

Stage
Localised 288 (11.0)
Regionally advanced 692 (26.5)
Metastatic 1589 (60.8)
Missing 45 (1.7)

Comorbidity index
0 1643 (62.9)
1–2 274 (10.5)
3–7 110 (4.2)
Missing 587 (22.5)

Resection of the primary with curative intent
No 2058 (78.7)
Yes 556 (21.3)
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calcium channel blockers, ACE inhibitors, angiotensin recep-
tor blockers, COX-2 inhibitors or bisphosphonates, and pan-
creatic specific mortality.

Supporting the finding that statins may have beneficial
effects, a meta-analysis by Jian-Yu et al., comprising six

cohort studies published between 2012 and 2016, found that
the use of statins among pancreatic cancer patients was
associated with a 25% mortality reduction compared to no-
use [10]. The association was later confirmed in some epi-
demiological studies [25–28], but not in others [7,29]. Statins

Table 2. Drug use at diagnosis and cancer-specific mortality.

All patientsb Localised or regionally advanced Metastatic

Exposed/non-exposed HR (95% CI) Exposed/non-exposed HR (95% CI) Exposed/non-exposed HR (95% CI)

PPIs 747/1867 1.16 (1.05–1.27) 252/728 1.18 (0.99–1.42) 483/1106 1.12 (1.00–1.26)
Metformin 193/2421 0.99 (0.84–1.18) 63/917 1.09 (0.80–1.50) 127/1462 0.95 (0.77–1.17)
Anticoagulants 340/2274 1.32 (1.16–1.50) 84/896 0.98 (0.73–1.31) 251/1338 1.44 (1.25–1.67)
Antiplatelets 591/2023 1.14 (1.01–1.29) 233/747 0.99 (0.80–1.23) 351/1238 1.17 (1.01–1.36)
Diuretics 546/2068 1.08 (0.95–1.22) 201/779 1.00 (0.80–1.24) 342/1247 1.12 (0.96–1.30)
All BBs 411/2203 1.01 (0.89–1.15) 157/823 0.97 (0.77–1.22) 250/1339 1.04 (0.88–1.22)
Non-selective BBsa 113/2501 0.85 (0.69–1.05) 41/939 0.95 (0.65–1.41) 71/1518 0.81 (0.63–1.05)
Selective BBsa 314/2300 1.07 (0.93–1.24) 124/856 0.98 (0.76–1.26) 187/1402 1.16 (0.96–1.38)

CCB 317/2297 1.10 (0.96–1.27) 117/863 0.93 (0.72–1.20) 199/1390 1.20 (1.00–1.42)
Ace inhibitors 221/2393 0.99 (0.84–1.16) 83/897 1.04 (0.78–1.38) 134/1455 0.96 (0.78–1.18)
ARBs 505/2109 0.93 (0.82–1.06) 197/783 1.10 (0.88–1.36) 302/1287 0.84 (0.72–0.99)
All statins 621/1993 0.86 (0.76–0.97) 224/756 0.82 (0.66–1.02) 390/1199 0.89 (0.77–1.03)
Hydrophilic statinsa 37/2577 0.61 (0.42–0.90) 19/961 0.51 (0.27–0.94) 17/1572 0.67 (0.40–1.12)
Lipophilic statinsa 587/2027 0.87 (0.78–0.98) 207/773 0.87 (0.69–1.08) 374/1215 0.90 (0.77–1.03)

NA-NSAIDs 275/2339 1.29 (1.12–1.49) 84/896 1.22 (0.92–1.61) 188/1401 1.27 (1.08–1.50)
NA-NSAIDs including COX-2c 303/2311 1.28 (1.12–1.47) 95/885 1.28 (1.12–1.47) 203/1386 1.28 (1.12–1.47)
COX-2 inhibitors 29/2585 0.89 (0.56–1.41) 12/968 1.04 (0.49–2.21) 15/1574 0.80 (0.42–1.50)
Bisphosphonates 48/2566 1.08 (0.77–1.50) 18/962 0.74 (0.40–1.40) 30/1559 1.24 (0.83–1.84)
Antidepressants 199/2415 1.32 (1.12–1.56) 67/913 1.25 (0.93–1.68) 123/1466 1.32 (1.08–1.62)
NSMRI antidepressantsa 38/2576 0.99 (0.69–1.41) 12/968 1.21 (0.64–2.29) 25/1564 0.95 (0.61–1.49)
SSRI antidepressantsa 110/2504 1.23 (0.98–1.53) 40/940 1.13 (0.76–1.68) 65/1524 1.25 (0.95–1.63)
Other antidepressantsa 68/2546 1.66 (1.26–2.18) 20/960 1.58 (0.94–2.68) 44/1545 1.64 (1.18–2.27)

Hazard ratios (HRs) and 95% confidence interval (CI) from Cox regression adjusted for sex, age, comorbidity index and use of the main drug groups. aHRs and
95% CI adjusted for sex, age, comorbidity index and use of the main drug groups or subgroups of drugs if available (e.g., selective beta-blockers (BBs), non-
selective BBs, hydrophilic statins, lipophilic statins, non-selective monoamine reuptake inhibitors (NSMRI), selective serotonin reuptake inhibitors (SSRI) and other
antidepressants). bAdditionally adjusted for stage. cNot adjusted for cyclooxygenase-2 (COX-2) inhibitors. Reference for each estimate is no use of that particular
drug at diagnosis.
PPIs: proton pump inhibitors; CCBs: calcium channel blockers; ARBs: angiotensin receptor blockers, NA-NSAIDs: non-aspirin non-steroid anti-inflammatories.

Figure 1. Cumulative incidence function for pancreatic cancer specific death for beta-blocker and statin use adjusted for sex, age, comorbidity index, stage and
use of other drugs/drug classes under investigation.
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have been shown to exert their anti-cancer effects via mul-
tiple mechanisms [30]. The first is through the inhibition of
the mevalonate/cholesterol synthesis pathway, which has
been implicated in cancer cell proliferation, survival, motility,
and invasion [31] as well as in chemotherapy [32] and radi-
ation resistance [33]. Additionally, statins have been shown
to decrease the expression of inflammatory cytokines and to
modulate the expression of a number of genes involved in
angiogenesis and inflammation [30].

We observed that the longer survival among statin users
was more pronounced for users of hydrophilic statins, such
as pravastatin than users of lipophilic statins, such as simvas-
tatin. Because of the difference in their chemical structure, it
is plausible that hydrophilic and lipophilic statins exert differ-
ent anti-cancer effects [34]. Although there are differences
with regards to dosing, drug interactions, and adverse
events, the indication for lipophilic and hydrophilic statins is
the same, and the choice of type of statin is mainly based

on the clinician’s preference [35]. Due to this, it is unlikely
that the observed survival difference between hydrophilic
and lipophilic statins is only due to confounding by (contra-)
indication.

Evaluation of the possible protective effect of hydrophilic
versus lipophilic statins has generated conflicting results. The
only clinical trial of statins in pancreatic cancer patients to
date is a phase II study that reported no clinical benefit of
adding low-dose simvastatin to gemcitabine for advanced
pancreatic cancer patients [16]. Only the hydrophilic rosuvas-
tatin was found to improve pancreatic cancer survival in a
meta-analysis comprising 4 epidemiological studies reporting
separate estimates for simvastatin, pravastatin, lovastatin,
atorvastatin, and rosuvastatin [11]. Simvastatin has been
shown to inhibit the growth of cancer cell lines more effect-
ively than pravastatin in a dose-dependent manner [36], and
lipophilic statins but not hydrophilic statins were found to
modulate the expression of genes involved in the mevalo-
nate pathway [37]. Additionally, mice with pancreatic
tumours treated with a daily dose of the hydrophilic rosuvas-
tatin that approximates the hypocholesterolemic dose used
in humans, survive longer than mice treated with the same
dose of the lipophilic atorvastatin, simvastatin, and fluvasta-
tin [38].

Pancreatic cancer cells express both b1- and b2-adrenergic
receptors (AR) [39]. Accumulating evidence suggests that
sympathetic nervous system activation of the b-adrenergic
receptor (bAR) signalling may play a role in the regulation of
pancreatic cancer by driving tumour cell invasion, increasing
cell proliferation, and inhibiting apoptosis [40,41] the epi-
demiological evidence for the effect of beta-blocker use on
pancreatic cancer survival is scarce and conflicting, with stud-
ies reporting detrimental effects [42], beneficial effects
[6,7,41] or no association [43]. We found indications for lon-
ger survival among non-selective beta-blocker users when
compared to users of other antihypertensives, although this
was not observed when beta-blockers were considered as a
single class. The effect of perioperative use of propranolol, a
non-selective beta-blocker, is currently being investigated in
ongoing clinical phase II trials of pancreatic cancer patients
undergoing surgery (NCT03838029, DRKS00014054) in add-
ition to the effect of propranolol combined with etodolac in
metastatic pancreatic cancer patients [44]. Only two epi-
demiological studies have stratified according to bAR select-
ivity, with conflicting results. One study reported a longer
median overall survival in non-selective beta-blocker users
than in selective beta-blocker users [41], while the other
study reported no significant difference between non-select-
ive and selective beta-blocker users in terms of mortality
reduction [6].

Metformin has postulated antitumour effects via lowering
insulin/insulin-like growth factor 1 levels and activation of
AMP-activated protein kinase which inactivates the mTOR
pathway [45,46]. Metformin use was found to be associated
with improved survival in the meta-analysis by Jian-Yu et al.,
comprising 8 cohort studies and 2 clinical trials [10].
However, two-phase II clinical trials in advanced/metastatic
pancreatic cancer patients reported no improvement in

Table 3. Association between drug dose in the 2 years before diagnosis and
cancer-specific mortality.

Exposed/non-exposed HR (95% CI)

Metformin � 1 DDD per day 121/2421 1.05 (0.85–1.29)
Metformin> 1 DDD per day 72/2421 0.95 (0.74–1.24)
All BBs � 1 DDD per day 307/2203 1.04 (0.90–1.20)
All BBs> 1 DDD per day 104/2203 0.88 (0.70–1.10)
Non-selective BBs � 1 DDD per daya 61/2501 0.96 (0.73–1.28)
Non-selective BBs> 1 DDD per daya 52/2501 0.74 (0.54–1.01)
Selective BBs � 1 DDD per daya 260/2300 1.08 (0.92–1.26)
Selective BBs> 1 DDD per daya 54/2300 1.04 (0.76–1.42)
ARBs � 1 DDD per day 196/2109 0.78 (0.65–0.94)
ARBs> 1 DDD per day 309/2109 1.05 (0.90–1.21)
All statins � 1 DDD per day 244/1993 0.80 (0.68–0.93)
All statins> 1 DDD per day 377/1993 0.90 (0.78–1.04)
Hydrophilic statins � 1 DDD per daya 13/2577 0.76 (0.42–1.39)
Hydrophilic statins> 1 DDD per daya 24/2577 0.57 (0.35–0.93)
Lipophilic statins � 1 DDD per daya 232/2027 0.80 (0.68–0.94)
Lipophilic statins> 1 DDD per daya 355/2027 0.94 (0.82–1.08)

Hazard ratios (HRs) and 95% confidence interval (CI) from Cox regression
adjusted for sex, age, comorbidity index and use of the main drug groups.
aHRs and 95% CI adjusted for sex, age, comorbidity index and use of the
main drug groups or subgroups of drugs if available (e.g., selective beta-
blockers (BBs), non-selective BBs, hydrophilic statins, lipophilic statins, non-
selective monoamine reuptake inhibitors (NSMRI), selective serotonin reuptake
inhibitors (SSRI) and other antidepressants). Reference for each estimate is no
use of that particular drug at diagnosis. ARBs: angiotensin receptor blockers.

Table 4. Use at diagnosis of selected drugs and cancer-specific mortality in
comparison to other drugs used for the same indication.

Exposed/non-exposed HR (95% CI)

Metformin 65/210 0.99 (0.73–1.35)
BBs 136/643 0.94 (0.76–1.18)
Non-selective BBsa 40/643 0.67 (0.47–0.96)
Selective BBsa 96/643 1.13 (0.87–1.47)
ARBs 250/643 0.91 (0.76–1.07)

Hazard ratios (HRs) and 95% confidence interval (CI) from Cox regression
adjusted for sex, age, comorbidity index and use of the main drug groups.
aHRs and 95% CI adjusted for sex, age, comorbidity index and use of
the main drug groups or subgroups of drugs if available (e.g., selective
beta-blockers (BBs), non-selective BBs, hydrophilic statins, lipophilic statins,
non-selective monoamine reuptake inhibitors. Patients using metformin are
compared to patients using any other anti-diabetics (A10, except A10BA02,
A10BD03 and A10BD07, A10BD08 and A10BD11). Patients using angiotensin
receptor blockers (ARBs) only and beta-blockers (BBs) only are compared to
patients using diuretics (C03) and/or calcium channel blockers (C08), and/or
ACE inhibitors (C09A or C09B). Estimates are not shown for combination users
defined as patients using both an analysed drug (any of metformin, BBs or
ARBs) and a drug in the corresponding comparison group.
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6months overall and progression-free survival in the metfor-
min arm compared to the placebo arm [12,13]. In an uncon-
trolled phase II trial with locally advanced or metastatic
pancreatic cancer patients, only 32% of the patients had sta-
ble disease after 8weeks and 40% of the patients experi-
enced treatment-related toxicity [14]. Our finding of no
improved survival in metformin users, when compared to
either non-users or users of other anti-diabetics, is in line
with these trials.

We found higher pancreatic cancer mortality in patients
using proton pump inhibitors, anticoagulants, antiplatelets,
NA-NSAIDs, and antidepressants. Although these might be
true associations, a plausible explanation is confounding by
indication, in which the condition treated with the drug led
to a worse prognosis, rather than the drug itself [47]. For
instance, both pre- and post-cancer depression have been
suggested to increase cancer mortality [48,49], and this
might explain the observed detrimental association in users
of antidepressants. One of the most common symptoms of
pancreatic cancer is abdominal pain [50], which has been
shown to be more prevalent in advanced disease [51,52]. It
is therefore plausible to assume that the patients treated
with NA-NSAIDs generally had more advanced disease at
diagnosis, which could explain the higher mortality in NA-
NSAID users. The higher pancreatic cancer mortality in users
of anticoagulants may be partly explained by the fact that
patients diagnosed with cancer during or after an episode of
venous thromboembolism have been shown to be more
likely to be diagnosed with advanced disease [53]. It is also
plausible that the use of these drugs may be associated with
worse outcomes because the drugs interact negatively with
cancer treatment. For instance, proton pump inhibitors
reduce the absorption of tyrosine kinase inhibitors, used in
the treatment of some metastatic pancreatic cancer patients,
leading to lower survival in concomitant users [54].

The primary strength of our study is the linkage of nation-
wide registries of high quality and completeness. As a result,
the findings are not subject to selection bias or recall bias of
drug use. Our definition of drug usage also prevented the
occurrence of immortal-time bias, a common bias in phar-
maco-epidemiology studies. However, our study also has lim-
itations. First, there might be some overestimation of drug
use as we do not know if the patients complied with their
treatment, and some underestimation of drug use among
the oldest patients as drugs given in institutions such as
retirement homes are not included in the Norwegian
Prescription Database. To the extent this occurred, it would
lead to weaker associations by misclassifying some users as
non-users and some non-users as users. Secondly, as we did
not consider drug use after diagnosis, it is possible the
observed associations may be weakened by patients who
stopped taking a drug after diagnosis. However, the percent-
age of users who collected at least one prescription after
diagnosis was high for the majority of drugs (Supplementary
Table S3), suggesting that associations are not substan-
tially weakened.

Third, we did not have information about radiation and
chemotherapy that would have allowed us to test more

precise hypotheses about the potential role of these non-
cancer drugs in combination with the current treatment
options for pancreatic cancer. Fourth, we lacked detailed
information on prognostic factors, such as tumour size,
lymph node involvement, and metastasis, which could have
reduced some of the possible confoundings by indication for
NA-NSAIDs and anticoagulants. Furthermore, smoking and
obesity have been shown to decrease survival in pancreatic
cancer patients [55,56]. It is, therefore, possible that the
improvement in survival is underestimated among users of
drugs with smoking and obesity-related indications, includ-
ing cardiovascular drugs, statins, and metformin since we
could not adjust for smoking and body mass index. Fifth,
information about comorbidities was only available from
2008 onwards, and therefore was missing for patients diag-
nosed in 2007. However, since all estimates were adjusted
for all 14 drugs/drug classes, the possible residual confound-
ing by comorbidities should be minimal. Sixth, we did not
have information about the daily dose used by individual
patients but relied on the DDD, which is the assumed aver-
age maintenance dose per day. This has implications for the
definition of use at diagnosis since the duration is calculated
based on the DDD and not the individual daily dose.
However, in a sensitivity analysis that assumed 0.5 DDDs per
day (i.e., twice the duration of exposure) the results were
similar (Supplementary Table S4), suggesting that the pos-
sible misclassification of some users as non-users does not
substantially impact the findings. Finally, we chose to not
adjust for multiple testing as the study was more explorative
than confirmative in nature [57].

In conclusion, in this nationwide cohort of pancreatic can-
cer patients, we found evidence of an association between
the use of statins and non-selective beta-blockers and a
reduction in pancreatic cancer mortality. Our findings sup-
port the design of randomised clinical trials that aim to test
the real efficacy of those two drug classes in the manage-
ment of pancreatic cancer patients.
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