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Abstract

Introduction: Pancreatic Ductal Adenocarcinoma (PDAC) remains a major cause of cancer-related
mortality. Statins have been shown to exert anti-tumour effects by inducing apoptosis, inhibiting
angiogenesis and preventing metastasis. The role of statins in PDAC however, is not yet established. In
this study, we have studied the impact of statins on the overall survival in patients diagnosed with PDAC.

Methods: This was a prospective observational cohort study where all consecutive patients with
histologic evidence of PDAC between January 2017 to December 2019 were included. Patients were
classified as statin users if they had taken statins for minimum of 3 months prior to the diagnosis and
continued the medication for a minimum of 30 days after the diagnosis of PDAC. Primary outcome of
the study was overall survival. Stratified analysis was performed with respect to stage (metastatic vs
non-metastatic) and treatment modality offered (curative resection, palliative chemotherapy, palliative
biliary drainage).

Results: A total of 185 patients diagnosed with PDAC were included (mean age 62+12.06, M: F=1.6).
Overall, 33/185 patients (17.8%) were found to be on statins. On multivariate analysis, statins were
found to have an independent association with overall survival (HR-0.34, 95% CI 0.19- 0.78, p value
0.009). In stratified analysis, statins provided a survival benefit in metastatic disease (p value 0.05) and
patients on conservative management (p value 0.04).

Conclusion: Statins were found to reduce the overall risk of mortality by 66% in patients with
PDAC. The effect of statins was most evident in patients with advanced metastatic disease.

Keywords: Pancreas; Cancer; Adenocarcinoma; Statins; Survival; Atorvastatin

Introduction

Pancreatic ductal adenocarcinoma (PDAC) is a common cause of cancer-related
mortality [1]. Moreover, a majority of patients (80%) are diagnosed at an advanced stage
at presentation precluding surgical resection which is the mainstay of curative treatment
options [1,2]. Multi-agent chemotherapy has been developed in recent years and have shown
improved survival rates, even in patients with locally advanced and metastatic tumours
[3,4]. In addition, adjuvant chemotherapy has also conferred a survival advantage in patients
with resected pancreatic cancer [5,6]. However, despite these developments, PDAC related
mortality remains high, with a 5 year survival rate of 6 7% across all stages [7,8]. This has
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paved the way for a growing body of evidence that explores the
role of chemo-preventive medications that aim to inhibit, retard or
reverse the carcinogenesis process [9]. Among the various options
studied, statins have been a promising option [10-12].

Statins are a class of drugs that are primarily 3-hydroxy-3-
methylglutaryl coenzyme A (HMG-CoA) reductase inhibitors. They
are commonly used for their lipid lowering effects which in turn
lead to lower cardiovascular morbidity and mortality in patients
with coronary artery diseases [13,14]. In addition, statins have also
been shown to have anti-inflammatory and immunomodulatory
effects that seem to exert an anti-neoplastic effect by inducing
apoptosis, inhibiting angiogenesis and preventing tumour
metastasis [14]. Anti-tumour activity is mainly mediated by HMG-
CoA reductase inhibition which is a rate limiting enzyme in the
mevalonate/cholesterol synthesis pathway [15,16]. In addition,
pre-clinical studies in K-Ras mutant mice have demonstrated
delayed progression of Pancreatic Intraepithelial Neoplasia
(PanIN) lesions to PDAC with statins [17,18]. The role of statins
in the treatment of PDAC however, remains controversial. Recent
observational studies and meta-analyses support the role of statin
use to prevent development of PDAC [11,19]. Moreover, statins have
also shown benefit in specific subgroups of patients with resectable
and unresectable PDAC [20-22]. However, heterogenous patient
population and inconsistent results among the observational
studies limit generalizability of these findings. In addition, the
dose response relationship and varying effect of the different types
of statins needs more clarity. In order to further elucidate the
protective role of statins with overall survival in patients with PDAC,
we performed an observational cohort study at a large tertiary care
referral centre. In addition, we also studied the differential effects
of the type of statins and the dose-response relationship of statins
with PDAC outcomes.

Materials and Methods
Study participants and design

This was a single centre, prospective observational cohort
study conducted in a high-volume tertiary care centre, between
January 2017 to December 2019. All consecutive patients evaluated
for a pancreatic mass were initially considered for the study. Tissue
samples from patients diagnosed with PDAC were obtained by either
Endoscopic Ultrasound Guided Fine Needle Biopsy (EUS-FNB),
or surgically resected specimens. Patients with malignant cystic
lesions of the pancreas, intra-ductal papillary mucinous neoplasia,
neuroendocrine carcinoma and other tumours of the pancreas
were excluded from the study. The study was in accordance with
the principles of Declaration of Helsinki, and was approved by the
institutional ethics committee.

All relevant demographic data of the patient population (age at
diagnosis, gender, pre-existing comorbidities like diabetes, coronary
artery disease, cerebro-vascular accident, chronic liver disease,
chronic pancreatitis, chronic kidney disease, lifestyle practices like
smoking and alcohol), past/family history of pancreatic as well as
other malignancies, PDAC diagnosis (mode of diagnosis, degree
of differentiation, immune-histochemistry results), laboratory
results ( complete blood counts, liver function tests, markers of
inflammation: C-Reactive Protein (CRP), neutrophil-lymphocyte
ratio, CA19-9), tumour burden and imaging results (Tumour-Node-
Metastasis (TNM) stage, local infiltration, vascular involvement,
distant metastasis, lymph nodal involvement) and treatment
details  (surgical findings, neoadjuvant/adjuvant/palliative
chemotherapy course) were recorded in pre designed proformas.
Based on criteria used in the modified Glasgow prognostic score for
cancers. the cut-off for CRP and albumin was taken as 10mg/L and
3.5gm/dL respectively [23]. Patients with metastatic disease were
considered for chemotherapy with either modified FOLFIRINOX
regimen or Gemcitabine plus nab-Paclitaxel regimen based on
clinical parameters and performance status [24,25]. Patients
with poor functional status were managed conservatively with
palliative biliary drainage and optimal pain management. Palliative
biliary drainage was achieved by the endoscopic placement of an
endobiliary prosthesis (plastic biliary stent/Self Expanding Metal
Stent (SEMS)) using Endoscopic Retrograde Cholangiography
(ERC). The 7" edition of the tumour-node-metastasis system from
the American Joint Committee on Cancer was used to determine
the clinical stage of the study patients [26]. In inoperable patients,
clinical cancer stage was confirmed by imaging studies, including
ultrasonography, computed tomography, magnetic resonance

imaging, and positron emission tomography.
Details of statin intake

Details regarding intake of statins included duration of statin
intake prior to diagnosis of PDAC, type of statins taken and dosage
of the medication used. Patients were classified as statin users
if they had taken statins for minimum period of 3 months [27].
Type of statins were divided into two groups-lipophilic (such as
Atorvastatin, Lovastatin and Simvastatin) or hydrophilic (such as

Pravastatin, Rosuvastatin and Fluvastatin).
Outcomes of the study

Overall Survival (0OS) was defined as the interval from the
diagnosis date to the date of death from any cause or last follow-up
[28]. Short term, intermediate term and long term mortality was
taken at 3 month, 6 months and 1 year time points respectively.
Disease Free Survival (DFS) was defined as length of time from when

adjuvant chemotherapy for the patient following surgery ends,
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till the appearance of signs and symptoms of cancer recurrence
which was confirmed by imaging studies (18F-Fluorodeoxyglucose
(FDG) PET-CT). Progression Free Survival (PFS) was computed for
patients with inoperable cancers as length of time from the end of
chemotherapy treatment course to the first appearance of signs and
symptoms of cancer recurrence which was confirmed by imaging
studies (PET-CT).

Statistical analysis

Statistical analysis was performed using IBM SPSS Statistics for
Windows, version 20.0 (IBM Corp., Armonk, N.Y.,, USA). Categorical
variables were expressed using frequency and percentage.
Continuous variables were presented by mean and standard
deviation. Univariate analysis was first performed to assess the
association of known factors that affect overall survival. Following
this multivariate logistic regression analysis was performed to
adjust for confounding variables in order to compute a hazard
ratio with 95% Confidence Interval (CI) for overall survival as
well as progression free survival. A p value < 0.05 was considered
statistically significant. Survival probability of patients on statins
and the comparison of all factors that affect survival was performed
using Kaplan Meier analysis and log rank test was used to test
significance. A multivariate Cox regression analysis was performed
to then ascertain level of significance of statins with overall survival.

Result
Characteristic of the study population

A total of 185 patients who were followed up for a minimum of

Table 1: Baseline characteristics of the population.

1 year were included in the study. The mean age of the population
as found to be 62+12.06 years (Range 11-89 years) with a male
preponderance (M: F= 1.6). A total of 104 patients (56.2%) had
Diabetes mellitus, 33(17.84%) had coronary artery disease and
70(37.84%) hypertension. Chronic liver disease was found in
10 patients (5.4%) while 5 patients (2.7%) had chronic kidney
disease. A total of 31 patients (16.85%) had chronic pancreatitis in
the background and 32 patients (17.3%) had past history/family
history of other cancers. The most common clinical presentation
among the study population was pain (n=126(68.48%)), followed
by weight loss (n=77(41.62%)), jaundice (n=68(36.96%)) and
cholangitis (n=41(22.16%)). At the time of presentation, TNM Stage
IV cancer was found in 98 patients (53%) with liver metastasis
being the most common site of spread. Lymph node metastasis
were seen in 40 (41.24%) while vascular involvement was noted
in 37 patients (39.36%). TNM stage III was seen in 64(34.59%)
patients with local infiltration to the duodenum and biliary
system seen in 18 patients (29.03%). Only a minority proportion
of patients presented with TNM Stage /Il disease (23(12.4%)).
Curative resection which includes Whipple’s surgery or distal
pancreatectomy could be performed in a total of 48 patients
(25.9%). A total of 82 patients (44.3%) underwent palliative
chemotherapy and 24 patients (12.97%) underwent radiotherapy.
Palliative biliary drainage and conservative management was
done in 55 patients (29.7%) owing to poor functional status and
advanced disease. Among these patients, 40/55 patients (72.7%)
underwent ERC with the placement of a biliary stent. All baseline

characteristics of the population is given in Table 1.

Variables Overall Patients on Statins Patients Not on Statins P Value
N=185 N=33 N=152
Age (meantSD) 62+12.06 65:11.55 62+12.13 0.183
0,
Ge“dNel;]L‘ (%) 115(62.2) 21(63.6) 94(61.8) 0847
e 70(37.8) 12(36.3) 58(38.1)
o
c°m°r];’i‘:})‘£‘£: n (%) 104(56.2) 23(69.6) 81(53.2) 0.081
Chronic liver disease 10(5:4) 1(3.03) 9(5.92) 0477
Chronic kidney disease >(2.7) 3(9-09) 2(1.31) 0.033
Other malionancy 32(17.3) 8(24.2) 24(15.7) 0.261
. o
Clinical pre;z'i‘rfam“ n (%) 126(68.48) 31(93.93) 95(62.5) 0.524
Jaundice 68(36.96) 15(45.4) 53(34.8) 0.772
Weight loss 77(41.62) 16(48.4) 61(40.1) 0.505
Chotangiis 41(22.16) 8(24.2) 33(21.7) 0.524
0,
TNM Stalge n (%) 4(2.2) 1(3.03) 3(1.97)
) 19(10.3) 3(9.09) 16(10.5) 0674
: 64(34.6) 13(20.31) 51(33.5) :
; 98(53) 16(39.39) 82(53.9)
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Lab parameters 5‘3:;“*5])) 63.82+69.04 56.42+64.87 65.6+70.14 0.854
S, })Obin 12.74+14.99 13.03+11.98 12.67+15.60 0.284
ol Cgount 19.95:108.34 11.41#7.25 21.81:119.47 0.574
Neutronhil. Lymehocyte Ratio 7.97+12.19 6.05£6.69 8.38+13.07 0.499
P Algursin Y 3.18+0.84 3.17+0.85 3.18+0.84 0.962
CA19.0 24385.6£85112.5 30625.01:133726.6 22775.4+67889.7 0.360
- - .
Modified GlasgovHviP}:(;igsrln{osm index n (%) 87(47) 12(36.3) 75(49.3)
lntermi it risk 29(15.7) 8(24.2) 21(13.8) 0.069
ek 38(20.5) 10(30.3) 28(18.4)
Progression free survival(meanzSD) 417.44+401.24 451.75+526.34 406+358.59 0.853
0,
s Te;ea:‘:;ﬂ‘t,;‘ng é‘;l)emo 48(25.9) 12(36.36) 36(23.68)
Paﬁiagve Ch’emotherapy 82(44.3) 16(48.48) 66(43.42) 0.13
Palliative stenting/ Gastrojejunostomy 55(29.7) 5(15.15) 50(32.89)
i 0,
M°rtg‘l]':ryaﬁ (%) 86(46.49) 11(333) 75(49.3) 0.091
B 47(25.4) 0(0) 47(30.9) 0.000
P 69(37.3) 4(12.1) 65(42.7) 0.001
85(45.9) 11(33.3) 74(48.6) 0.126
lyear
Median Overall survival(days) 181 498 181 0.169

Details of statin use among the study population

Statins were prescribed predominantly for coronary artery
disease and patients with cerebrovascular disease in this study.
Statin use was noted in a total of 33 patients (17.8%). The median
duration of statin consumption in the study was 20 months. The
most common statin used was Atorvastatin in 42 patients (91.30%),
followed by Rosuvastatin in 4 patients (8.70%). Atorvastatin was
used at a dosage of 10mgin 19 patients (41.30%), while 14 patients
(30.43%) were prescribed the drug at 20mg/d and 4 patients
(8.70%) were on atorvastatin at 40mg/d.

There were no statistically significant differences with regard
to the distribution of comorbidities between the patients who
were on statins as compared to the patients without statins. Stage
at diagnosis was also not statistically significant with 16 patients
(39.39%) having TNM stage IV disease among patients on statins
as compared to 82 patients (53.9%) who were not on statins. Early-
stage cancer (TNM stage I/1I) was seen in 4 patients (12.12%) in
the statin group as compared to 19 patients (12.5%) who were
not on statins. Curative resection with adjuvant chemotherapy
was possible in 12/33 patients (36.36%) in the statin group as
compared to 36 patients (23.68%) among patients not on statins.
Palliative chemotherapy/radiotherapy was possible in and 16
patients (48.48%) in the statin group as compared to 66 patients
(43.42%) among patients who were not on statin therapy (p value
0.13).

Outcome analysis

Overall mortality at 1 year in this study was 85/86 patients
(98.83%). Among these patients 47 (55.29%) patients succumbed
to the illness within 3 months of the diagnosis, while 69 (81.17%)
patients succumbed to the illness within 6 months of diagnosis.
Median Overall survival in this study was found to be 181 days.

Consumption of statins was found to have significant impact on
overall survival (Figure 1). On univariate analysis, apart from statin
consumption, underlying chronic liver disease (p value 0.049),
elevated C-reactive protein (p value 0.026), serum Albumin (p
value 0.013) and curative resection with adjuvant chemotherapy
(p value <0.001) were found to have a statistically significant
association with overall survival (Figure 1). On multivariate
analysis, only serum albumin and consumption of statins had an
independent association with overall survival (p value 0.017 &
0.009 respectively). Consumption of statins was found to have
a hazard ratio of 0.34 (95% CI 0.19-0.78) on overall survival of
patients with PDAC in this study. Stratified analysis with respect to
stage of the disease and treatment modality was performed. Statins
were found to provide a significant survival benefit among patients
with metastatic disease (p value 0.05 by log rank test). In addition,
statins provided a significant survival benefit among patients who
did not receive any chemotherapy or surgical interventions (p value
0.04 by log rank test) (Figure 2). Among patients who underwent

surgical resection, there was no statistically significant difference
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in the DFS between patients on statins and those not on statins
(410.5 vs 420.5, p value 0.936). Similarly, PFS was also not found
to be different between patients on statins and those not on statins

a dose-response relationship was observed on overall survival,
between patients who were on 10mg of the drug (359 days) as

compared to patients who were on 20mg of Atorvastatin (564 days)
(264.8 vs 196.3, p value 0.181). Among patients on atorvastatin, (p value 0.05) (Figure 3).
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Figure 1: Kaplan Meier survival analysis of all variables that have an independent association with overall
survival (p value by log rank test).

A. Association of consumption of Statins with overall survival, p=0.008
B. Association of Chronic liver disease with overall survival, p=0.049
C. Association of C-reactive protein with overall survival, p=0.026

D. Association of serum albumin with overall survival, p=0.013

E. Association of treatment received with overall survival, p<0.001
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Figure 2: Stratified analysis of overall population for stage of the disease and different modalities of treatment
(p value by log rank test).

A. Association of statins with metastatic disease, p=0.056

B. Association of statins with conservative treatment (Palliative stenting/GJ), p=0.041
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Figure 3: Kaplan Meier analysis showing a survival benefit among patients who received 20mg of Atorvastatin as
compared to 10mg Atorvastatin (p value= 0.054 by log rank test).

Discussion

Pancreatic Ductal Adenocarcinoma (PDAC) is a disease that
causes significant morbidity and mortality [1]. Despite progress
made in multimodality treatment with surgery, chemotherapy,
radiotherapy and immunotherapy, the mortality rate of pancreatic
cancer has remained considerably high. This is largely attributable
to a late diagnosis, as most patients with pancreatic cancer
remain asymptomatic until the disease develops to an advanced
stage [29]. Statins (HMG-CoA reductase inhibitors) are one of the
most commonly used drugs used primarily for both primary and
secondary prevention of cardiovascular events [30]. The anti-
tumour activity of statins has been well documented in pre-clinical
studies [31]. Multiple studies have shown that statins may inhibit
the growth of a variety of cancer cell types, including hepatocellular
cancer, renal cell carcinoma, breast cancer, medulloblastoma and
glioblastoma multiforme [32-34]. Inhibition of the key enzyme
of the mevalonate pathway, HMG-CoA reductase, results in the
reduced production of important compounds essential for cancer
cell survival, like isoprenoids, dolichol, ubiquinone, and isopentenyl
adenine [35]. The role of statins in the prevention of PDAC in
high risk subgroups has been documented in the past [20,22,36].
However, their impact on prognosis of patients with established
diagnosis of PDAC has not been elucidated. Most studies thus far,
have shown a favorable role of statins on overall prognosis, however,
data has been heterogenous with respect to type of statins, duration
of treatment and stage of the disease.

The results of this study clearly show that statins had an
independent association with overall survival in patients with
PDAC. Moreover, duration of statin therapy was also significantly
associated reduced mortality. Majority of the patients in this
study were treated with Atorvastatin at a dosage of 10mg/d. In
the stratified analysis, the benefit of statins was best observed
in patients who did not receive any chemotherapy or surgical
interventions (p value 0.04). This highlights the protective role
of statins in patients with advanced disease and can prove to
be a useful adjunctive treatment modality in these patients.
Observational studies in the past exploring the impact of statins
in patients with PDAC have shown mixed results [21,37-39]. In
a study by Jeon and colleagues, statin use after the diagnosis of
PDAC was associated with 21% reduced risk of death (hazard
ratio 0.79, 95% CI 0.67-0.93). However, analysis was restricted to
early stage cancer in elderly patients with comorbidities [21]. In
another study, prior simvastatin use was shown to be associated
with higher overall survival (28.5 vs 16.5 months) [14]. However,
duration and dosage of statins after the diagnosis of PDAC was
not assessed and is essential to establish anti-tumour effects of
the drug. There have been multiple metanalyses performed which
have shown a beneficial effect of statins in the treatment of PDAC
[12,34]. However, there is marked heterogeneity with the type
of statins used, dosage and duration of consumption and stage
of disease which can have profound impact on overall outcome
in these patients. When the results of this study were stratified
according to the stage of the disease, statins were found to have
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a significant impact on overall survival in patients in metastatic
PDAC as compared to those with early/locally advanced disease. In
addition, inoperable tumours who did not receive even palliative
chemotherapy were also benefitted by the consumption on statins.
There are a few limitations of the present study. The relatively small
number of patients who were on statins in this study could limit
generalizations based on the study findings. However, despite this
sample, the findings of the study have provided valuable data on
the effect of statins especially, atorvastatin, on the overall survival
in patients with PDAC. Another important limitation would be
the heterogeneity of dosage of statins seen in this study. Some
studies have studied cumulative dosage of statins and its effect
on overall survival [14]. Interventional trials using fixed dosage of
statins are warranted to assess the dose-response relationship of
the anti-tumour activity of these drugs. Lastly, there may be a bias
among the two groups owing to the possibility that statin users
may inherently be more concerned about their health which may
be reflected in their lifestyle practices. However, this alone would
not be sufficient to explain the 66% risk reduction. In addition,
patients who were on statins had more comorbidities which are
known to have a deleterious effect on overall survival. The findings
of this study showing a survival advantage despite these differences
indicates that statins may have an important role in risk reduction

in these patients.

Conclusion

In conclusion, Statins (especially atorvastatin) were found to
reduce the risk of mortality by 66% (HR 0.34,95% C1 0.19 - 0.78) in
patients with PDAC. This association was maintained in multivariate
analysis after adjusting for all confounding factors. The effect of
statins was most evident in patients with metastatic disease and in
those who were managed conservatively with no chemotherapy/
surgical interventions. A dose-response relationship was observed
among patients on Atorvastatin and is an important aspect that
needs further validation. Future interventional trials with pre-
designed type and dosage of statins in patients with PDAC are
warranted to establish their efficacy in specified treatment groups.
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