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Acute pancreatitis (AP) is an acute inflammation of the pancreas caused by the activation of digestive enzymes in

the pancreatic tissue. The main causes of AP are cholelithiasis and alcohol abuse; less commonly, it can be

caused by drugs, with a prevalence of up to 5%. Causal associations between drugs and pancreatitis are largely

based on case reports or case series with limited evidence.
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1. Introduction

Acute pancreatitis (AP) is an acute inflammation of the pancreas resulting from intrapancreatic activation of

digestive enzymes. This condition can lead to pancreatic necrosis, organ failure, and multiple organ dysfunction,

with a mortality rate of 1–5% . In addition, acute pancreatitis may be associated with significant short- and long-

term morbidity, with recurrent symptoms and, in severe cases, exocrine and/or endocrine pancreatic failure . The

diagnosis of AP requires the identification of two of the following criteria: (1) abdominal pain suggestive of

pancreatitis, (2) serum amylase or lipase levels at least three times the upper normal limit, and (3) imaging findings

consistent with pancreatitis on computed tomography (CT) or magnetic resonance imaging (MRI) . It is clear

that the first two criteria alone are sufficient for diagnosis; thus, imaging can be performed later to better identify

complications of acute pancreatitis. AP can be classified into mild, moderate, and severe forms according to the

Atlanta criteria .

Mild acute pancreatitis is not associated with local or systemic complications and often resolves within the first

week. Usually, mild AP does not result in organ failure. It is the most common form. Moderate AP is associated with

local complications or exacerbation of concomitant diseases; transient organ failure may occur. In contrast, severe

acute pancreatitis is defined by persistent organ failure (i.e., organ failure > 48 h). Local complications include

pancreatic and peripancreatic necrosis (sterile or infected), peripancreatic fluid collections, pseudocysts, and

parietal necrosis (sterile or infected) . The main causes of AP are cholelithiasis and alcohol abuse, which account

for more than 80% of cases . Less commonly, it can also be caused by medications, with a prevalence ranging

from 2 to 5.3% .

2. Drug-Induced Pancreatitis
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According to the Agency for Drugs and Medical Devices Adverse Drug Event Reporting Database, drug-induced

acute pancreatitis (DIAP) accounted for 0.17% of all adverse drug reactions (ADRs) . Pharmacologic agents

potentially responsible for acute pancreatitis include nearly 200 drugs . However, causal relationships are

largely based on case reports or case series with limited evidence. Consequently, an important indication of a

causal relationship between a drug and AP is the recurrence of AP after reintroduction of the drug after

discontinuation and recovery from a previous episode . However, for ethical reasons, drugs in which rechallenge

episodes are performed are quite rare. Another key concept in determining the association between a particular

drug and an adverse event is latency; latency is the time between the assumption of the drug and the occurrence

of AP. Several systematic reviews use latency categories (e.g., <24 h, 1–30 days, >30 days), and if >75% of case

reports for a drug fell into the same latency category, this was considered good evidence of an association

(adequate latency) . Currently, only three drugs have been associated with the development of AP in a

randomized controlled trial (6-mercaptopurine, azathioprine, and didanosine) .

In 2007, based on case reports in the literature, Badalov et al. classified drugs potentially responsible for the

development of AP into probability classes based on case reports from the literature (Table 1) . This

classification was revised in 2019 by C.R. Simons-Linares et al. The first class includes drugs with a positive

rechallenge. This class is further divided into two subclasses, a and b, depending on whether other possible

causes were excluded or not. Class II includes drugs for which at least four case reports show similar latency.

Class III includes drugs for which there are at least two case reports, but which do not meet the criteria of the

above classes. The final class (IV) includes the drugs with the weakest evidence, for which only one case report

was published . This classification was updated by Wolfe et al. in 2020 .

Table 1. The classification of drug-induced pancreatitis, according to Badalov, updated by Simons-Linares et al.

.

However, there are some differences between these two classifications; methodologically, Wolfe et al. developed

the rules of their classification a priori, before performing the literature search, whereas the system of C.R. Simons-

Linares et al. is based on their review data. In addition, Wolfe et al. applied more stringent criteria in selecting case

reports by including only cases of AP diagnosed according to currently accepted diagnostic criteria and excluding
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ClassDescription

Ia At least 1 case report with positive rechallenge, with exclusion of all other causes.

Ib
At least 1 case report with positive rechallenge, failing to document exclusion of other causes or other
possible etiologies were available.

II At least 4 cases in the literature with consistent latency.

III At least 2 cases in the literature with no consistent latency among cases and no rechallenge.

IV Drugs not fitting into the earlier described classes.
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cases in which AP was associated with drug combinations (Table 2). In this classification, the classes differ from

the previous one; class I was further divided into three subclasses (a, b, c). Class Ic includes drugs for which there

is at least one case report with no positive rechallenge, excluding other causes. Drugs for which there are at least

two case reports without evidence of rechallenge but with and without exclusion of other causes are classified as

class II and class III, respectively. With adequate latency in class II and insufficient latency in class III .

Table 2. The classification of drug-induced pancreatitis, according to Wolfe et al. .

More recently, Saini et al. have presented another classification based on an evidence-based approach that

includes a comprehensive review of randomized controlled trials (RCTs), cohort studies, pharmacoepidemiologic

analyses, and case reports and differs from previous classifications. Table 3 provides an overview of this

classification system. They divided drugs considered to trigger AP into four groups according to the quality of the

evidence. Thus, class I included RCTs (high evidence), whereas case–control studies and pharmacoepidemiologic

studies were classified as class II. Classes III (divided into a, b, and c) and IV included case reports according to

quality, presence of rechallenge, adequate latency, and number of reports .

Table 3. The classification of drug-induced pancreatitis, according to Saini et al. .

[11]

[11]

ClassDescription

Ia At least 1 case report with positive rechallenge, with exclusion of all other causes.

Ib
At least 1 case report with positive rechallenge, failing to document exclusion of other causes or other
possible etiologies were available.

Ic At least 1 case report in humans, without a positive rechallenge, other causes are ruled out.

II
At least 2 cases in humans reported in the literature, without a positive rechallenge, with consistent
latency, and other causes, were not ruled out.

III
At least 2 cases in humans reported in the literature, without a positive rechallenge, with inconsistent
latency, and other causes, were not ruled out.

IV Drugs not fitting into the earlier described classes.

[9]

[9]

ClassDescription

I High quality of evidence for causation of acute pancreatitis: randomized controlled clinical trials.

II
Moderate quality of evidence for causation of acute pancreatitis: case–control studies and/or
pharmacoepidemiology studies.

IIIa Case reports showing “rechallenge and consistent latency”.

IIIb Case report showing rechallenge only.

IIIc Case report showing consistent latency only.
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Main Mechanisms of Drug-Induced Pancreatitis

Most of the mechanisms underlying drug-induced pancreatic injury have not been fully elucidated or demonstrated.

One of the most common is probably an idiosyncratic delayed immunologic or T-cell-mediated response rather

than intrinsic toxicity . This has been demonstrated for azathioprine, 6-MP, and sulfasalazine in both in vitro

trials and population-based studies . Idiosyncratic reactions do not appear to be directly related to dose, and

symptoms differ from the pharmacologic effect of the drug. The proposed mechanism for idiosyncratic reactions to

drugs is not certain. However, it may be a reactive metabolite of the drug that binds to specific proteins and causes

an immune system response (haptenes hypothesis). This response could be triggered by injury or cellular stress

(hazard hypothesis) and stimulate the activation of an immune response by the co-stimulation of T lymphocytes

.

Although the exact mechanism of AP, triggered by thiopurines and antibiotics, remains unknown, there is

increasing evidence that certain human leukocyte antigen (HLA) alleles may be predisposed to this type of

hypersensitive reaction .

Other proposed mechanisms include the hypothesis of a toxic effect on the pancreatic cell membrane (as in the

case of valproate) or the formation of edema in the pancreatic ducts, which may occur with angiotensin-converting

enzyme inhibitors via the kallikrein/kinin pathway . In addition, some drug therapies have been associated with

the occurrence of hypertriglyceridemia pancreatitis . According to some studies, most antiviral protease

inhibitors (PI) are associated with a significant increase in plasma triglyceride concentrations; in particular,

hypertriglyceridemia is observed more frequently after combination therapy with ritonavir or lopinavir/ritonavir than

with other PI -based combinations. As described below, ritonavir and lopinavir/ritonavir-based regimens have been

associated with an increased risk of hyperlipidemic pancreatitis .

Another possible causative mechanism is mitochondrial toxicity . This appears to be associated with the use

of antiviral drugs such as nuclear reverse transcriptase inhibitors to treat human immunodeficiency virus (HIV)

infections . This toxicity appears to be due to the inhibition of mitochondrial DNA replication by suppression of

the activity of key enzymes involved in mitochondrial DNA replication. Although acute pancreatitis is a well-

described complication of HIV infection, an increased incidence of this condition has been reported after the

introduction of reverse transcriptase inhibitors in HIV patients .

Considering antibiotics, it is postulated that tetracyclines may cause DIAP either through a toxin-mediated action of

an unknown metabolite or a direct toxic effect on the pancreas due to the supratherapeutic bile concentration of

tetracyclines . Pharmacological experiments with tetracyclines have shown that the biliary concentration of

minocycline is ten times higher than the serum concentration, and similar results have been observed with

tigecycline .

ClassDescription

IV Case Reports with no rechallenge or consistent latency.
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Another speculative mechanism of metronidazole-induced pancreatitis is the production of redox cycling and

hydrogen peroxide, superoxide, and other free radicals under aerobic conditions. These redox-active compounds

are toxic to pancreatic β-cells. Oxygen free radicals have been associated with the initiation of pancreatitis .

Finally, in the case of opiates, the proposed mechanism is a stimulation of μ-receptors causing hypercontraction of

the Oddi sphincter that increases the basal pressure and amplitude of contraction and induces a reflux of

pancreatic enzymes into the pancreatic duct . Figure 1 summarizes these mechanisms.

Figure 1. Main etiopathogenetic mechanisms proposed for DIAP caused by antimicrobials and antivirals.

DIAP: Drug-induced acute pancreatitis

The etiopathogenetic mechanism most involved in the development of DIAP from antimicrobials and antivirals

appears to be the delayed idiosyncratic or lymphocyte-T-mediated mechanism. Pancreatic damage caused by the

immune system also seems to be associated with certain human leukocyte antigen (HLA) alleles which may be

predisposed to this type of hypersensitive reaction. Other pathogenetic mechanisms have been postulated for

these drug classes. For example, hypertriglyceridemia induced by protease inhibitor antivirals may increase the

risk of developing DIAP. Furthermore, mitochondrial toxicity, oxidative damage, and biliary supersaturation by

metabolites or the drug itself have been suggested as additional mechanisms involved in DIAP by reverse

transcriptase inhibitors, metronidazole, and tetracyclines, respectively.
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