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Abstract
Chronic pancreatitis (CP) is a complex disease associated with gene-gene or gene-
environment interactions. The incidence of idiopathic CP has shown an increasing 
trend, withits phenotypeshaving changed considerably in the last two decades. 
The diseaseitself can be regulated before it reaches the stage of established CP; 
however, the etiopathogenesis underlying idiopathic CP remains to be 
established, making the condition difficult to cure. Unfortunately, there also 
remains a lack of consensus regarding the beneficial effects of antioxidant 
therapiesfor CP. It is known that antioxidant therapy does not reduce inflam-
matory and fibrotic cytokines, making it unlikely that they could modulate the 
disease process. Although antioxidants are safe, very few studies to date have 
reported the long-term beneficial effects in patients with CP. Thus, studies are 
being performed to identify drugs that can improve symptoms and alter the 
natural history of CP. Statins, with their numerous pleiotropic effects, may play a 
role in the treatment of CP, butin 2006, their use was found to be associated with 
the undesirable side effect of promoting pancreatitis. Latter studies showed 
favourable effects of statins in CP, highlighting the particular benefits of lipophilic 
statins, such as lovastatin and simvastatin, over the hydrophilic statins, such as 
rosuvastatin. Ultimately, studies to repurpose N-acetylcysteine as a CP therapy 
areyielding very promising results.

Key Words: Chronic pancreatitis; Simvastatin; Antioxidants; Quality of life; N-
acetylcysteine; Acute pancreatitis
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Core Tip: The clinical management of a majority of chronic diseases has seen a 
paradigm shift over the last two decades. To date, however, a well-defined standard of 
care has not been established for patients with chronic pancreatitis (CP). Lack of 
sufficient scientific evidence regarding the use of antioxidant supplementation, in 
particular, provides opportunities to repurpose drugs and study their efficacy and safety 
in clinical trials. Statins and N-acetylcysteine represent two of the most promising 
molecules for the treatment of CP, today.
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INTRODUCTION
Biography
Rajiv M Mehta, MD, is Professor and Head of the Department of Gastroenterology and 
Clinical Research at Surat Institute of Digestive Sciences (SIDS) Hospital and Research 
Centre in Surat, India. He received his undergraduate and postgraduate degrees from 
Baroda University in Vadodara, India, in 1996 and 2000, respectively. He received his 
advanced degree in gastroenterology from Amrita Institute of Medical Sciences 
(AIMS) in Kochi, India. Only 5 years later, in 2005, he was awarded the prestigious 
presidential gold medal from the National Board of Examination, New Delhi, in 
Gastroenterology. In his continued efforts to advance the overall field of gastroen-
terology, Dr. Mehta authored the very popular “Clinical Gastroenterology” book for 
undergraduate and post-graduate students, withits fourth edition published in 
December 2019 at the Asia Pacific Digestive Disease Week held in Kolkata, India. He 
has also published more than 50 articles in various prestigious journals, to date. Dr. 
Mehta has also been collaborating with Dr. Stephan Pandol and his team from Cedars-
Sinai Medical Center in Los Angeles, CA, United States over the past 3 years, focusing 
on chronic pancreatitis (CP). Collectively, this group isinvolved in the development of 
novel biomarkers for the diagnosis of “early CP”. Additionally, Dr. Mehta has invest-
igated the effects of simvastatin on the histology of L-arginine-induced pancreatitis in 
mouse models, in association with the Jay Research Foundation (JRF) in Vapi, Gujarat, 
India. Defining the overall role of simvastatin and N-acetylcysteine (NAC) in 
CPtreatment remains Dr. Mehta’s seminal work, while defining the role of genetic 
polymorphisms in patients with idiopathic CP is his focused area of interest. Further, 
he is diligently working towards the development of “New Chemical Entity” in 
pancreatic cancer.

Background
CP is a fibro-inflammatory disorder of the exocrine pancreas occurring in individuals 
with genetic, environmental and other risk factors who develop persistent pathological 
responses to parenchymal injury or stress[1]. CP is characterized by acinar cell 
damage, ductal dysfunction, persistent inflammation, atrophy, fibrosis, and 
neuroimmune responses. The clinical course of CP involves significant abdominal 
pain, exocrine function deficiency (manifested as maldigestion), and endocrine 
deficiency (manifested as diabetes). The causes of CP include alcohol intake, smoking, 
metabolic derangements, genetic disorders, autoimmune factors, obstructive 
mechanisms, and idiopathic aetiologies[2]. Unfortunately, it is difficult to determine 
the exact prevalence of CP, since the early diagnosis of CP continues to be challenging.

Alcoholic chronic pancreatitis (ACP) is most commonly observed in Western 
countries, whereas idiopathic chronic pancreatitis (ICP) is observed more frequently in 
developing countries, like India; reportedly, ICP accounts for 57.3%–69.6% of the cases 
of CP in India[3]. The cause of ICP remains unknown[4]. In genetically susceptible 
individuals, environmental factors initiate the fibroinflammatory process (gene-gene 
or gene-environment interplay), which leads to the development of CP[5]. The subtle 
pathophysiological changes pose challenges to the early diagnosis of CP, and the 
parameters for early diagnosis are ill-defined. Late-stage CP is characterized by 
variable fibrosis and calcification in the pancreatic gland, leading to parenchymal and 
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ductal changes[6].
Abdominal pain is a well-recognized and debilitating symptom, prompting patients 

with CP to seek medical assistance. Among all the complications of CP, abdominal 
pain was found to be strongest predictor of poor quality of life (QoL)[7]. Endoscopic 
and surgical treatments are often performed to relieve pain, but these methods are 
invasive and are beneficial only in a specific subgroup of patients with CP. The 
therapeutic strategies currently used for the management of CP include a combination 
of analgesics, pancreatic enzymes, adequate nutrition, and antioxidants[8]. However, 
the effect of antioxidants on providing sustained pain relief or reversing disease 
activity has not been established, thus far. As such, further studies are warranted to 
address this unmet need for an alternative therapeutic approach for CP.

PATHOPHYSIOLOGIC BASIS OF ANTIOXIDANT THERAPY
The use of antioxidant therapy is based on observations that CP tissues show marked 
oxidative changes.

Oxidative stress
Oxidative stress is caused by an imbalance between production and accumulation of 
reactive oxygen species (ROS) in cells and tissues and the ability of a biological system 
to detoxify these reactive products[9]. Xenobiotics, such as alcohol and smoking 
molecules, are detoxified in the body through phase I and phase II pathways. The 
phase I reaction involves cleaving the parent molecule by enzymes into a less toxic 
molecule. The phase II reaction adds an endogenous molecule to the compound at the 
end of phase I to make it more polar and excretable. Increased exposure to xenobiotics 
may overwhelm the capacity of phase I and phase II detoxification pathways and 
result in oxidative stress. Production of ROS is a particularly destructive aspect of 
oxidative stress. ROS are mainly produced by mitochondria, during both physiological 
and pathological conditions[10]. When the production of ROS increases, they exert 
harmful effects on important cellular structures, like proteins, lipids and nucleic acids, 
leading to destruction of the cell membrane, depletion of cellular antioxidants, and 
alteration in various signalling pathways. Previous studies have indicated that 
oxidative stress is involved, to a varying extent, in the onset and/or progression of 
several diseases[9].

Oxidative stress in CP
Pancreatic acinar cells are the main site for generation of oxidant stress and, therefore, 
are exposed to its detrimental effects. Intra-acinar oxidative stress leads to impairment 
of the transsulfuration pathway, which is required for zymogen exocytosis[11,12]. This 
leads to recurrent intra-acinar zymogen activation. Methionine and ascorbic acid 
appear to be important components in maintaining the transsulfuration pathway[13]. 
Several studies conducted in the 1990s showed that deficiency of essential antiox-
idants, such as vitamin A, ascorbic acid, methionine, vitamin E and selenium, is partic-
ularly prevalent among patients with ACP. Persistent exposure to xenobiotics via 
smoking and consumption of alcohol increase the levels of oxidative stress. Thus, the 
role of oxidative stress and micronutrient deficiency in patients with CP exposed to 
high levels of xenobiotics has been established. “Tropical pancreatitis” has been 
typically associated with protein and micronutrient deficiencies; however, the role of 
malnutrition in the etiopathogenesis of CP has been discarded[14].

Over the past one and a half decades, results of several studies conducted in India 
have shown that the phenotype of patients with ICP has changed significantly. A 
complex gene-environment interplay is now known to be involved in the development 
of ICP[5]. Our experience has revealed that the levels of antioxidant micronutrients are 
normal in patients with ICP who carry normal genetic polymorphisms (in press as of 
the writing of this paper).

ANTIOXIDANT SUPPLEMENTATION IN CP: THE STORY, SO FAR
In 1990, Uden et al[15] performed a double-blind, placebo controlled, crossover trial in 
20 patients to determine the efficacy of the combination of 600 mcg of organic 
selenium, 9000 IU of b carotene, 0.54 g of vitamin C, 270 IU of vitamin E and 2 g of 
methionine. Results of this trial indicated that antioxidants were superior to placebo in 
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relieving pain. Several non-randomized studies in small patient populations have also 
shown the benefits of antioxidant treatments in patients with CP. In a study by 
Bharadwaj et al[16], 147 patients were randomized to an antioxidant therapy or 
placebo group, and the results indicated a beneficial effect of antioxidant therapy in 
reducing “painful days” and in improving the markers of oxidative stress. Although 
the study by Bharadwaj et al[16] was conducted in a large and heterogenous patient 
population (including patients with ACP as well as those with ICP), validated pain 
scores were not used and formal analysis of QoL was not performed. Results of the 
ANTICIPATE study showed that administration of antioxidants to patients with 
painful ACP does not reduce pain or improve QoL, despite a sustained increase in 
blood levels of antioxidants[17]. The results of a randomized controlled trial by Singh 
et al[18] showed that antioxidant supplementation increased the blood antioxidant 
levels but produced no additional benefit on endocrine and exocrine functions, 
markers of fibrosis, inflammation, nutritional status, pain or QoL.

Gooshe et al[19] performed a meta-analysis to determine the efficacy and adverse 
effects of antioxidant therapy in patients with acute pancreatitis (AP), CP and post-
endoscopic retrograde cholangiopancreatography pancreatitis (commonly known as 
PEP). This meta-analysis provided evidence to support the efficacy of antioxidant 
therapy only in AP, whereas its effects in CP and PEP were less clear. The meta-
analysis by Rustagi et al[20] demonstrated a benefit of antioxidants; however, the 
investigators did not control for a heterogenous study population and the use of 
different types of antioxidants among such. The most recent Cochrane Systematic 
Review of 18 studies concluded that antioxidants could result in a slight reduction in 
pain in patients with CP but there were no conclusive data reported for analgesic 
requirement and QoL[21]. Rupjoyti et al[22] showed that treatment with a methionine-
containing antioxidant was associated with a significant increase in the number of 
pain-free patients and a trend towards decreased requirement for hospital visits or 
admissions. Thus, methionine may help to restore the transsulfuration pathway and 
decrease intrapancreatic inflammation. Rupjoyti et al[22] performed a meta-analysis 
based upon data from January 1980 to August 2014, encompassing eight studies (six 
randomized controlled trials and two non-randomized trials). Although the overall 
results supported the efficacy of methionine supplementation, when the two non-
randomized studies (by Shah et al[23] and Castasno et al[24]) were excluded, the 
antioxidant combination was no longer statistically significant for decreasing the pain 
score.

A recent meta-analysis by Mohta et al[25] showed negative results for antioxidants’ 
ability to reduce pain and improve QoL in patients with CP. These findings are 
important because all studies included in the meta-analysis had been performed using 
a similar type of antioxidant and were based on a combination of commercially-
available antioxidants and those used in clinical practice; therefore, the findings of that 
meta-analysis are more relevant to clinical practice. However, the meta-analysis itself 
had some limitations. First, there was variation in the method of reporting of pain 
among the studies included and, as such, the analysis had to be performed with two 
different parameters, namely the visual analogue scale (VAS) score and pain-free 
participants. This resulted in a decrease in the number of patients that could be 
simultaneously included in the analysis. Second, limited information was available 
regarding the QoL.

Although the micronutrient antioxidant therapy was proposed for relieving the pain 
associated with CP more than three decades ago, this treatment has been used sporad-
ically; moreover, the optimal formulation and duration of the antioxidant regimen has 
not been completely elucidated. Further, a majority of the clinical trials were not well-
designed and did not include a homogenous study population. In view of the 
fluctuating nature of this disease, a well-defined method to determine the pain scores 
and measure the QoL was not developed and validated. Differences in the assessment 
and reporting of pain (i.e., VAS score, numeric rating score, brief pain inventory scores, 
vocabulary score sheet, and “painful days”) in various clinical studies make study 
comparisons and meta-analysis difficult. These featurescan be attributable to the 
inconsistent results obtained in the various meta-analysis[20-22,25,26].

The lack of alternative therapies for patients with CP warrants an urgent need for a 
well-designed study to evaluate the effect of antioxidant therapy in a clearly defined 
patient population.
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STATINS: THE ROAD AHEAD
Antioxidant therapy has inconsistent efficacy in patients with CP. Therefore, a reliable, 
effective, safe and predictable agent represents an unmet (but required) need for the 
treatment of CP. A statin appears to be the most appropriate candidate.

Non-lipid-lowering effects of statins
Several primary and secondary prevention trials have shown the clinical benefits of 
statins in coronary artery disease[27]. An increasing number of studies indicate that 
statins have many non-lipid-lowering effects, known as pleotropic effects[28,29]. Some 
of the effects include anti-inflammatory actions and improvement of endothelial 
function by prevention of lipid peroxidation. Statins exert antioxidant effects by 
increasing the bioavailability of nitric oxide[30], decreasing the production of ROS[31] 
and inhibiting the distinct oxidation pathways[32]. Antiproliferative and immuno-
modulatory properties of statins suggest novel applications of statins in various 
diseases apart from dyslipidaemia[33].

Statins and pancreatitis
The relationship between statins and AP is controversial, considering simvastatin- 
induced AP was found in a previous study[34]. Statins are among the most widely 
prescribed medications worldwide for cardiovascular diseases. Thus, it is important to 
understand the relationship between statins and pancreatitis. A population-based 
study from Denmark found no association between the risk of AP and use of statins
[35]. In contrast, a recent meta-analysis of 21 high-quality randomized controlled trials 
showed an overall decrease in the risk of pancreatitis among patients treated with 
statins compared with those treated with placebo[36]. However, since pancreatitis was 
not the primary outcome of the 21 trials included in that meta-analysis, these results 
may not be a true indicator of the protective effects. The protective effects of 
simvastatin and ezetimibe were shown in the Study of Heart and Renal Protection 
(SHARP) study[37]. The result of a recent study by Wu et al[38] also indicated that 
simvastatin and atorvastatin were associated with an overall decrease in the risk of 
AP. Moreover, subgroup analysis in the same study showed a decrease in the risk of 
pancreatitis in patients with chronic alcohol abuse, suggesting the possible role of 
simvastatin in preventing recurrent AP and subsequent progression to CP.

Statins and experimental studies 
The effects of simvastatin pre-treatment on 10 Wistar rats was published by a group 
from Brazil in 2008[39]. They reported no beneficial effects on pancreatic inflammation 
but a trend towards improved survival rate in the simvastatin group. Of interest, the 
lovastatin treatment was found to successfully inhibit invitro activation of pancreatic 
stellate cells[40]. This is an important observation, as activated stellate cells mediate 
the fibroinflammatory response of CP. In a similar study of L-arginine-induced 
pancreatitis in rats, performed by Metalka et al[41], levels of malondialdehyde 
(commonly known as MDA) were significantly reduced in the pancreas tissues of the 
simvastatin treatment group.

Another considerable pathologic process that occurs in pancreatitis is impaired 
autophagy[42-44]. Autophagy is the process of removal of damaged cellular 
compounds, including dysfunctional mitochondria (mitophagy) during stress 
conditions[45]. Because dysfunctional mitochondria are a significant source of ROS 
generation, as indicated above, their dysfunction can be an important source of cellular 
stress that can promote pancreatitis. During autophagy, organelles such as 
mitochondria and cytoplasmic materials are sequestered by the autophagosomes (a 
double–membrane structure) and transported to the lysosome for digestion[46]. 
Autophagosome-lysosome fusion is impaired in pancreatitis, resulting in incomplete 
autophagy andmitophagy[47]. Piplani et al[48] showed that simvastatin restores 
autophagy and mitophagy, resulting in improvement in pancreatitis pathology in the 
cerulein-induced model of experimental AP.

Statins and pancreatic cancer
Autophagosome accumulation during pancreatitis can promote pancreatic cancer[49]. 
CP is the strongest identified risk factor for pancreatic cancer[50]. Intriguingly, the 
results of a study involving 250 patients with pancreatic cancer showed an improved 
survival among those patients with diabetes who were subject to statin treatment[51]. 
Based on these results, Jeon et al[52] retrospectively analysed a cohort of elderly 
patients with pancreatic cancer using the Surveillance, Epidemiology and End Results 
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(commonly known as SEER) database of patients in the United States. They studied 
the use of statins in patients after diagnosis of pancreatic ductal adenocarcinoma. 
Simvastatin was the most prescribed statin. The patients who used statins were found 
to live longer after their cancer diagnosis (median overall survival of 4.7 mo; inter-
quartile range of 1.9-11.7 mo) as opposed to those who were not prescribed statins 
(median overall survival of 2.4 mo; interquartile range of 1.5-7.3 mo). There was a 
favourable impact of statin use on survival in those who had undergone pancre-
atectomy vs those who had undergone no surgery (HR = 0.80, 95%CI: 0.66, 0.97). Of 
interest, simvastatin treatment was associated with significantly lower hazard of death 
compared to no statin treatment (HR = 0.91, 95%CI: 0.84, 0.99). The results of that 
study were confirmed by another, showing the beneficial effect of statins in pancreatic 
cancer patients in a large health care system in Southern California, United States[53].

The mechanism of action of statins in pancreatic cancer remains poorly understood. 
Statins are known to decrease the expression of inflammatory cytokines and to 
modulate the expression of several genes involved in angiogenesis and inflammation, 
which may protect against carcinogenesis. Statins also inhibit protein prenylation. This 
prevents the proper functioning of guanosine triphosphatase proteins, such as Ras and 
Rho, thereby inhibiting downstream pathways that are involved in cell growth, prolif-
eration, survival, motility and invasion, which leads to cell cycle arrest in G1. Further-
more, statins impair cancer cell proliferation by inhibiting the synthesis of cholesterol, 
which is essential for new membrane formation in rapidly proliferating cells[54].

OUR EXPERIENCE IN CP AND SIMVASTATIN
On the basis of the experimental and limited retrospective/population-based data, we 
performed two prospective studies to assess the role of simvastatin in patients with 
ICP. In the first prospective study, patients were assigned to receive either the 
standard antioxidant preparation (a tablet containing 3000 IU β carotene, 550 mg 
methionine, 200 μg selenium, 40 mg vitamin C, and 10 mg vitamin E administered 
thrice daily) or the combination of the standard antioxidant preparation and 
simvastatin (40 mg/d). Improvement in pain was assessed using the VAS. At the end 
of 12 mo, the decrease in the VAS score was significantly greaterin the simvastatin 
group (P  = 0.032)[55]. In the other pilot study (under publication), health-related QoL 
was assessed using the European Organization for Research and Treatment of Cancer 
(referred to as EORTC) QLQ PAN 28 and QLQ C30 scoring. The results of the study 
showed that at 6 mo patients who received a combination of simvastatin and antiox-
idants showed a significant improvement in the pancreatic pain score compared to 
those who received antioxidants alone (P= 0.01) (Figure 1). Patients who received 
simvastatin and antioxidants also consumed fewer analgesics (P  = 0.03) (Figure 2) and 
required less hospitalization (P = 0.04) than those who received antioxidants alone. 
Our findings indicate that, compared to antioxidants alone, simvastatin in combination 
with antioxidants significantly improves the overall QoL (Figure 3) (P  = 0.01), which is 
consistent with the findings reported in several preclinical studies. Thus, simvastatin 
may emerge to modulate the disease process in CP.

Considering the complexity of CP, we have also identified NAC as another 
molecule that can be repurposed for CP. NAC exerts antioxidant and antifibrotic 
effects via inhibition of tissue growth factor signalling in fibrogenic cells[56]. In the 
environment of inflamed pancreatic tissue, activation of pancreatic stellate cells 
produces abundant extracellular matrix proteins, leading to fibrosis as well as inflam-
matory cytokines. Beneficial roles of the combination of simvastatin and NAC on the 
pathophysiology of inflammation and necrosis of the acinar cell involve inhibition of 
pancreatic stellate cells. Thus, we designed a prospective, randomized, open-labelled 
clinical trial entitled “The safety and efficacy of simvastatin plus standard of care or 
simvastatin plus NAC plus standard of care vs only standard of care in patients with 
idiopathic acute recurrent pancreatitis and chronic pancreatitis” (i.e., the SNAPstudy). 
This study aims to assess not only the QoL but also various biomarkers for inflam-
mation in CP.

CONCLUSION
There is a scarcity of scientific evidence to substantiate the use of antioxidants in the 
treatment of CP. Simvastatin and NAC appear to be promising candidates for the 
treatment of CP.
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Figure 1 Reduction in pain score observed in both treatment groups. AO: Antioxidants; S: Simvastatin.

Figure 2 Reduction in analgesic requirement observed for both treatment groups. AO: Antioxidants; S: Simvastatin.

Figure 3 Global health status observed in both treatment groups. AO: Antioxidants; S: Simvastatin.
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