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Abstract: Autoimmune pancreatitis is a rare condition of pancreatic inflammation with two
classic subtypes. The emergence of a third subtype, ICI-induced pancreatitis, highlights
the need for knowledge of each type to ensure accurate diagnosis and treatment. Abbre-
viations: AIP—Autoimmune pancreatitis; AIP-1—Type 1 autoimmune pancreatitis, also
known as lymphoplasmacytic sclerosing pancreatitis (LPSP); AIP-2—Type 2 autoimmune
pancreatitis, also referred to as idiopathic duct-centric pancreatitis (IDCP); AIP-3—Type
3 autoimmune pancreatitis, also known as immune checkpoint inhibitor (ICI)-induced
autoimmune pancreatitis; IgG4-RD—Immunoglobulin G4-related disease.
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1. Introduction
Autoimmune pancreatitis (AIP) is a rare, chronic form of pancreatitis that is asso-

ciated with inflammation of the pancreas due to damage from an abnormal immune
system response [1]. It is often clinically characterized by a frequent presentation of
obstructive jaundice [2]. Imaging often may reveal enlargement of the pancreas and pan-
creatic duct/bile duct narrowing, mimicking pancreatic carcinoma [3], and histology is
typically significant for a predominant lymphoplasmacytic infiltrate and fibrosis, which
can lead to both endocrine and exocrine pancreatic dysfunction [4]. AIP has classically
been divided into two main subtypes: Type 1 (AIP-1), also known as lymphoplasma-
cytic sclerosing pancreatitis (LPSP), and Type 2 (AIP-2), also called idiopathic duct-centric
pancreatitis (IDCP).

Type 1 autoimmune pancreatitis is a manifestation of IgG4-related disease (IgG4-RD)
that primarily affects older males. It is marked by painless obstructive jaundice with the
potential for systemic involvement of multiple sites, including salivary glands, thyroid,
kidneys, and bile ducts [5,6]. Elevated serum IgG4 levels and histopathologic features, such
as storiform fibrosis, obliterative phlebitis, and lymphoplasmacytic infiltration with IgG-4
plasma cells, are hallmarks of AIP-1 [7].

In contrast to AIP-1, AIP-2 is more commonly seen in younger adults and is not a
systemic disease. It primarily affects the pancreas and has an association with inflammatory
bowel disease (IBD), and typically ulcerative colitis [8]. Histologically, a fibroinflammatory
process involving mainly pancreatic ducts, with a neutrophilic infiltration of medium and
small ducts, is a key finding of AIP-2. However, the most distinctive feature is the presence
of granulocytic epithelial lesions (GELs) in medium-size and small ducts [9].

Unlike classical AIP, type 3 AIP is a distinct drug-induced immune mediated chronic
inflammatory disease of the pancreas secondary to immune checkpoint inhibitors (ICI) [10].
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ICIs are monoclonal antibodies that function by upregulating effector T cell activation
by inhibiting the pathways that moderate their production [11]. With increased T-cell
production, the targeted destruction of tumor cells can occur, allowing for broad use of
these drugs in cancer therapy. Differing from traditional chemotherapy and targeted
therapy, ICI can break the state of immune tolerance in the tumor microenvironment and
activate the body’s anti-tumor immunity. However, this increased immune response can
become excessive and potentially result in inflammatory toxicities affecting different organ
systems, known as immune-related adverse events (irAEs) [12].

The majority of patients with AIP-3 typically present with an asymptomatic elevation
of pancreatic enzymes a few months after the initiation of ICI therapy [13]. While the exact
mechanism of AIP-3 remains unclear, it is speculated that checkpoint inhibition induces a
nonspecific inflammatory response mediated by T cells in the pancreas, resulting in pancre-
atic inflammation, acinar atrophy, and fibrosis in some cases [14]. Unlike AIP-1 and AIP-2,
type 3 AIP has not been shown to have a response to treatment with corticosteroids [15]. As
ICIs become more widely used in oncology, early recognition and awareness of ICI-induced
AIP are crucial for prompt diagnosis and treatment.

2. Epidemiology
Despite an increasing awareness, and recognition of AIP, it remains a rare condition.

Less than 2% of patients being evaluated for chronic pancreatitis are diagnosed with AIP,
with one study showing more than 80% of these patients to have been diagnosed with
AIP-1 [16]. Given the rarity of this disease, there is still little data on its prevalence in the
United States. However, a study in Germany found the prevalence of AIP to be ~9% in
individuals with nonalcoholic pancreatitis and to be 0% in those with alcoholic pancreatitis.
The incidence was reported to be less than 1 in 100,000 individuals [17]. Furthermore, a
2016 study in Japan found a prevalence rate of 10.1 per 100,000 individuals and an incidence
of 3.1 per 100,000 individuals [18]. Interestingly, a 2011 study in Japan yielded results of
significantly lower rates, with a prevalence rate of 4.6 per 100,000 individuals and incidence
of 1.4 per 100,000 individuals [19]. Both studies did report similar male-to-female ratios
(2.94 and 3.2, respectively) and mean average ages (68.1 vs. 66.3, respectively), indicating
that this condition primarily affects older men. Notably, studies have also revealed that
AIP-1 is more common in eastern countries while AIP-2 is more common in Western
countries [20] (Table 1).

With the relative paucity of data on AIP-3, it is difficult to know the incidence of this
condition. However, some studies have estimated it to be up to 4% in those who have
received ICI therapy [21–23]. In addition, AIP-3 is commonly associated with other irAEs,
all of which are affected by the type of ICI administered and by type of malignancy. In fact,
CTLA-4 inhibitors have been found to have a higher incidence (83%) of irAE than other
ICIs. However, regarding the development of AIP-3 specifically, combination ICI therapy
or monotherapy with PD-L1 were both found to have a higher incidence than monotherapy
with CTLA-4 inhibitors alone [24]. Moreover, individuals with advanced stage malignancy
are more likely to develop irAE. In one study, individuals with stage III or IV genitourinary
cancer were the most likely to develop AIP-3 [25].

3. Pathogenesis
The pathogenesis of AIP is complex and likely to be multifactorial in nature. While

genetic and environmental factors are theorized to contribute to this process, there is
already adequate research to suggest that the immune system has a profound influence in
the development of AIP.
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In the early stages of AIP discovery and research, type 1 and type 2 AIP were named
based on their histological characteristics. Early studies in AIP research found increased
infiltration of IgG4 producing plasma cells and lymphocytes in pancreatic tissue, partic-
ularly in LPSP, although the mechanism behind this finding remains unclear [26]. This
finding prompted further research that concluded that elevated serum levels of IgG4 are a
hallmark of LPSP. Today, AIP-1 is also referred to as IgG4-related pancreatitis (IgG4-RP)
and is included in a group of diseases referred to as IgG4-related diseases (IgG4-RD) [1].
IgG4-RD is a systemic, inflammatory disease, sometimes affecting multiple organs, with
unclear etiology. Almost any organ can be involved, and the disease is also characterized
by tissue infiltration of IgG4 positive plasma cells and elevated levels of serum IgG4. In-
terestingly, the histological findings of this disease are the same no matter which organ is
affected [23]. Although IgG4 is thought to be the least inflammatory of the IgG subsets,
its role in IgG4-antigen complex formation is thought to trigger an immune response that
attracts macrophages, T cells, and other plasma cells, which will activate inflammatory
pathways [27]. Furthermore, AIP-1 is characterized by activation of Th2-predominant T
cells which secrete inflammatory cytokines, such as IL-4, IL-5, and IL-13, to further exacer-
bate inflammation in AIP-1 [28]. Additionally, IL-33, secreted by toll-like receptors (TLRs),
is another pro-inflammatory cytokine that has been found to be elevated in AIP-1 due to
TLR overexpression in the pancreas [29].

In addition to plasma cell infiltration of pancreatic tissue, the immune system plays
a role in AIP-1 development through the upregulation of plasmacytoid dendritic cells
(pDCs), a feature observed in various cases of IgG4-RD [29]. These cells are major contrib-
utors to circulating type 1 interferons (IFN-I), which play a significant role in microbial
defense. However, inadequate regulation of IFN-I production contributes to the increased
inflammation that characterizes AIP-1 [29]. In fact, animal studies have shown that an
increase in pDCs is associated with the development of AIP, and inhibition of pDCs and
IFN-I prevented this process [30]. Given these findings, IFN-I inhibition may have a role as
therapeutic intervention for AIP-1 and IgG4-RD [30,31].

The pathogenesis of AIP-2, or idiopathic duct-destructive pancreatitis, is not as es-
tablished as that of AIP-1. While little is known, research has shown that it is unrelated
to IgG4 and different to AIP-1 in that regard. One process associated with AIP-2 is the
upregulation of IL-8, a cytokine that induces the chemotaxis of neutrophils [29]. One
study found elevated levels of IL-8 when compared to AIP-1 by both quantitative poly-
merase chain reaction and immunostaining of pancreatic tissue [32]. The recruitment of
neutrophils to sites of inflammation by IL-8 likely contributes to the prominent infiltration
of neutrophils in the epithelium of pancreatic ducts, a key histologic finding in AIP-2 [29].
Another proposed process is the activation of Th17, a subset of CD4 effector T cells, and the
subsequent secretion of inflammatory cytokines. A study showed increased expression of
Th17 cells when compared to chronic pancreatitis and normal pancreas levels [33]. While
the findings of this study suggest the implication of Th17 cells in AIP-2 pathogenesis, the
exact mechanism of cell infiltration of the pancreatic tissue is unclear.

Type 3 AIP is an uncommon irAE and, for this reason, has been understudied. Prior
studies of other cases of irAE have established that ICIs work by targeting cytotoxic
T-lymphocyte-associated antigen 4 (CTLA-4), programmed cell death protein 1 (PD-1), or
programmed cell death ligand 1 (PD-L1). In doing so, they facilitate T cell proliferation,
which can successfully treat malignancies but can also lead to an unmitigated T cell response
that results in irAEs [11]. However, the exact mechanism of how activated T cells cause
these injuries is not yet known.

One potential explanation for the constellation of findings seen in AIP-3 is that the
pancreatic injury could predominantly be a peri-acinar stromal injury with minimal collat-
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eral acinar injury [15]. This study suggested that progression to more acinar injury could
prompt the emergence of a more typical presentation of pancreatitis with more evident
radiographic findings. However, further studies would be needed to support this idea and
elucidate the mechanism by which it would occur.

While AIP-3 is a relatively understudied irAE, there have been other studies on
immune mediated colitis (IMC) and its similarities to inflammatory bowel disease (IBD).
One such study revealed that CTLA-4 mutation or deletion in mice led to fatal multisystem
inflammatory processes in some cases [34]. In humans, CTLA-4 polymorphisms were also
found to increase the risk of developing IBD [35]. It has already been established in animal
studies that CTLA-4 polymorphisms are associated with several human autoimmune
disorders, with one study also observing significant pancreatic manifestations [36]. Similar
to how CTLA-4 polymorphism predisposes an individual to IBD, it is possible that a similar
relationship exists between CTLA-4 and pancreatitis in humans that is exacerbated in ICI
therapy, resulting in AIP-3. Additionally, given that the incidence of AIP-3 is higher with
the use of PD-L1 inhibitors than with other ICIs, it is reasonable to suggest that there could
also be a similar relationship between PD-L1 polymorphism and pancreatitis.

4. Clinical Presentation
AIP-1 predominantly affects older males, typically in the sixth decade of life. Painless

obstructive jaundice is a common presenting feature of AIP-1 often resulting from con-
current bile duct involvement. Notably, AIP-1 is the pancreatic manifestation of IgG4-RD
and rarely occurs in isolation. It is frequently accompanied by IgG4-related sclerosing
cholangitis (IgG4-SC) and retroperitoneal fibrosis, reflecting the systemic nature of the dis-
ease [16,37,38]. Studies estimate that 60–90% of patients with AIP exhibit extra-pancreatic
involvement, most commonly affecting the bile ducts, retroperitoneum, kidneys, lymph
nodes, and salivary glands [7,26,39]. Recognizing this multisystem pattern is crucial,
as extra-pancreatic signs such as jaundice, renal dysfunction, or lymphadenopathy may
provide critical diagnostic clues and guide a more comprehensive evaluation. Interest-
ingly, new-onset diabetes mellitus (DM) has also been associated with AIP-1. Previous
reports have documented high prevalence of diabetes mellitus (DM) among patients with
autoimmune pancreatitis (AIP), ranging from 21% to 83%, with 17% to 65% of patients
developing DM concurrently with the onset of AIP [40]. Treatment with corticosteroids
has been shown to improve insulin secretion and help with glycemic control in many of
these patients [41,42]. However, it has also been observed to potentially aggravate the DM
of some, particularly in older patients [43] (Table 1).

In contrast to AIP-1, AIP-2 more commonly affects younger patients with a median
age of 32.5 years and has no gender predilection. Unlike AIP-1, this subtype has a lower
incidence of obstructive jaundice, is a more localized form of the disease, and often presents
with abdominal pain and acute pancreatitis, affecting up to 50% of patients [44]. AIP-2
frequently coexists with IBD, particularly ulcerative colitis [45]. IBD diagnosis usually
precedes AIP diagnosis by 2–5 years, and patients with pre-existing IBD often have active
intestinal disease at the time of AIP diagnosis [46] (Table 1).

AIP-3 occurs in patients receiving ICI therapy for a variety of malignancies. It often
manifests three to four months after ICI exposure, even up to two years after a dose, and
may present alongside other irAEs, such as colitis and thyroiditis [15,23]. The clinical
presentation of AIP-3 can vary from asymptomatic pancreatic enzyme elevation, acute
pancreatitis with abdominal pain, and/or incidental imaging evidence of pancreatitis [14].
Interestingly, it has been established that nearly two-thirds of patients with Type 3 AIP
remain clinically asymptomatic [23]. Furthermore, like type 2 AIP, AIP-3 typically does not
present with systemic involvement (Table 1).
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5. Evaluation and Diagnosis
The Atlanta Criteria have long been considered the gold standard for both diagnosis

and severity assessment of acute pancreatitis. Acute pancreatitis is diagnosed when a
patient meets at least two of the following three criteria: acute epigastric pain, serum
amylase or lipase levels elevated to at least three times the upper limit of normal, and
radiologic evidence of pancreatic inflammation on CT, MRI, or ultrasound [47]. Due
to the clinical manifestations of AIP often not fitting within the Atlanta criteria and
the lack of universally accepted diagnostic guidelines, the diagnosis of AIP has been
historically challenging.

Over the past decade, various diagnostic frameworks have emerged across Asia,
Europe, and North America, reflecting differences in clinical practices and test availability.
For example, Japan mandates endoscopic retrograde pancreatography, while Western
clinicians avoid it due to pancreatitis risk. Similarly, pancreatic core biopsy is standard
at the Mayo Clinic but is not widely adopted [2]. Given that AIP consists of two well
established subtypes, separate diagnostic approaches are required.

The International Consensus Diagnostic Criteria (ICDC) for AIP were formulated by
combining the strengths of various criteria to facilitate accurate diagnosis and are currently
the sole criteria that can identify AIP with differentiation between types 1 and 2 [48]. Diag-
nosis is based on five key features: pancreatic imaging, serology (IgG4 levels), other organ
involvement, histopathology, and response to steroids. AIP is diagnosed as definitive or
probable based on specific criteria combinations [49]. The ICDC standardizes AIP diagnosis,
distinguishing it from pancreatic cancer and guiding appropriate treatment (Table 2).

While the ICDC for AIP-1 and AIP-2 rely on the above 5 features, AIP-3 is defined
primarily by its association with ICI therapy and its clinical response to steroids. However,
due to the lack of specific biomarkers or histological features distinguishing AIP-3 from
other forms of AIP, clinical judgment and the context of ICI therapy are key to diagnosis
(Table 2).

After diagnosis, the next step is to assess the severity of the disease. Several scales
are used to do this, the most notable of which are the Common Terminology Criteria
for Adverse Events (CTCAE) scale and the National Comprehensive Cancer Network
(NCCN) scale. These scales assess the severity of pancreatitis and lipase elevation, while
the Marshall scoring system is a different scale that accounts for the presence of organ
failure [24]. While there is some overlap of the criteria between the scales, the widespread
use of multiple scales highlights the need for a universal criterion to assess this disease.

5.1. Radiographic Findings

In AIP-1, pancreatic imaging typically reveals diffuse pancreatic enlargement, which
is often associated with delayed enhancement following contrast administration. This
enlargement is usually seen in the body or tail of the pancreas and may result in a “sausage-
shaped” appearance and consequent loss of the typical lobular structure (Figure 1). Imaging
may also reveal hallmark features of IgG4-related biliary involvement, including bile duct
wall thickening and irregular narrowing of the pancreatic duct; however, this typically does
not cause significant upstream duct dilation as seen in pancreatic cancer [3]. These findings
are frequently associated with IgG4-SC, which may be radiographically indistinguishable
from other forms of cholangiopathy, such as primary sclerosing cholangitis [26,39,50]. A
peripancreatic rim, also referred to as a capsule-like rim, is another key imaging feature
observed in AIP and can be useful in distinguishing it from cancer (Figure 1). Although it
is most commonly seen in AIP-1, it may occasionally appear in AIP-2 [51] (Table 1).
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two-thirds of patients had a normal appearing pancreas at the time of diagnosis regardless 
of their presenting symptoms. The other one-third of patients had imaging features of 
interstitial pancreatitis, including organ enlargement, loss of the feathery appearance of 
the pancreas, or peripancreatic stranding/edema [25]. Imaging findings of AIP-3 with the 
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Figure 1. Characteristic Imaging Findings of AIP-1. (A) Diffuse pancreatic enlargement with the
characteristic sausage-shaped appearance can be seen (arrow). (B) The peripancreatic rim seen
around the body and tail of the pancreas is a key radiographic finding of AIP [52].

The imaging findings are often similar in AIP-2, but this condition tends to be less
associated with systemic manifestation, and pancreatic enlargement may not be as pro-
nounced, or there may be focal or segmental pancreatic involvement, typically affecting the
pancreatic tail, rather than diffuse enlargement.

The characteristic radiologic patterns and imaging features of AIP-3 remain largely
unexplored to date. AIP-3 can appear as the other AIP subtypes or as largely normal on
imaging studies. In a retrospective study involving 25 patients receiving ICIs who exhibited
evidence of pancreatitis, 56% demonstrated diffuse pancreatic enlargement, while 44% had
focal pancreatic enlargement. Heterogeneous enhancement was noted in 84% of cases,
and 48% displayed diffuse fat stranding. Additionally, 16% of patients presented with
autoimmune pancreatitis featuring focal mass-like pancreatic enlargement. Notably, all
cases were classified as mild pancreatitis, with no instances of necrotizing pancreatitis
reported [53]. Moreover, the largest study of AIP-3 to date showed that approximately
two-thirds of patients had a normal appearing pancreas at the time of diagnosis regardless
of their presenting symptoms. The other one-third of patients had imaging features of
interstitial pancreatitis, including organ enlargement, loss of the feathery appearance of
the pancreas, or peripancreatic stranding/edema [25]. Imaging findings of AIP-3 with the
expected changes over time can be seen in Figure 2. In this case, an individual with an
initially normal appearing pancreas underwent ICI therapy and developed organ swelling
and peripancreatic stranding/edema at the time of pancreatic injury. Repeat imaging one
year after the initial injury shows significant pancreatic volume loss consistent with the
atrophy that can be expected from chronic pancreatic injury [15]. The enhancing pancreatic
rim seen in other forms of AIP is typically not seen in AIP-3 (Table 1).

In a separate case of AIP-3, contrast-enhanced CT revealed marked narrowing of the
intrapancreatic bile duct, along with wall thickening (Figure 3B,C), dilation of the intrahep-
atic bile ducts, and diffused pancreatic enlargement (Figure 3C). Endoscopic retrograde
cholangiopancreatography (ERCP) confirmed stenosis of the intrapancreatic portion of the
common bile duct (Figure 4A) and slight narrowing of the main pancreatic duct at the head
of the pancreas (Figure 4B). Endoscopic ultrasound (EUS) revealed a uniformly enlarged
and hypoechoic pancreas (Figure 4C). Magnetic resonance cholangiopancreatography
(MRCP), however, did not show any signs of thickening or narrowing in the intrahepatic
bile ducts (Figure 4D). Notably, the pancreas appeared morphologically normal prior to ICI
therapy (Figure 4A), and the patient remained asymptomatic at the time of imaging [54].
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Figure 2. Changes in AIP-3 Over Time on Contrast-Enhanced Computed Tomography (CT). (A) Imag-
ing 4 months before ICI-induced pancreatic injury shows a normally appearing pancreas. (B) At the
time of pancreatic injury, there is diffuse enlargement of the pancreas with peripancreatic strand-
ing/edema (arrows). (C) One year after pancreatic injury there is marked pancreatic volume loss
without calcification or fatty replacement [15].
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Figure 3. CT scan findings of the pancreas in AIP-3 demonstrated the following changes: (A) Prior
to ICI treatment, both the pancreas (arrow) and intrapancreatic bile duct (arrowhead) appeared
normal. (B): Following ICI administration, the pancreas showed diffuse enlargement (arrow), and
the intrapancreatic bile duct wall appeared thickened (arrowhead). (C) Diffuse enlargement of the
pancreas with a capsule-like rim (arrow) and narrowing of the intrapancreatic bile duct (arrowhead)
were found. (D): The enlargement of the pancreas (arrow) and narrowing of the intrapancreatic bile
duct (arrowhead) improved after the administration of steroids [54].
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Figure 4. Imaging findings from endoscopic retrograde cholangiopancreatography (ERCP), endo-
scopic ultrasound (EUS), and magnetic resonance cholangiopancreatography (MRCP) in a patient
with AIP-3. (A) Endoscopic retrograde cholangiography demonstrated stenosis of the intrapancreatic
bile duct (arrowheads). (B) Endoscopic retrograde pancreatography revealed narrowing of the main
pancreatic duct at the head of the pancreas (arrowheads). (C) EUS identified a diffuse hypoechoic
enlarged pancreas (arrowheads). (D) MRCP showed no evidence of intrahepatic bile duct wall
thickening or stenosis [54].

5.2. Serologic Findings

Elevated serum IgG4 level is considered to be a hallmark of AIP-1. Values above
135–140 mg/dL have been established as the cut-off point for the diagnosis, with variation
in sensitivity and specificity according to the population under study [55]. In contrast to
AIP-1, there are no specific serologic markers for AIP-2 and AIP-3, and IgG4 levels are
usually within normal range in these diseases [9]. However, elevated IgG4 levels have been
occasionally described in AIP-3. Additionally, since AIP-2 is associated with IBD in some
cases, anti-neutrophil cytoplasmic antibodies (p-ANCA and c-ANCA) may be detected in
this subtype [25].

5.3. Histologic Findings

Histological examination in AIP-1 often reveals dense infiltration of lymphocytes,
plasma cells, and occasional eosinophils in the pancreatic parenchyma. The key feature of
AIP-1 is the presence of IgG4-positive plasma cells. Diffuse IgG4+ plasma cell infiltration
with >10 per high-power field (HPF) in biopsy specimens and >50 per HPF in surgical
specimens is strongly suggestive of AIP-1. Additionally, there may be storiform fibrosis
(spindle-shaped cells and inflammatory cells on a background of delicate collagen) and
obliterative phlebitis (inflammation and occlusion of small veins), which are typical findings
of IgG4-related disease [13]. AIP-2 is characterized by an inflammatory infiltrate in the
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pancreas, predominantly consisting of neutrophils, along with lymphocytes and plasma
cells. This inflammation is mainly localized around the pancreatic duct area, where it forms
structures called granulocytic epithelial lesions (GELs) [56]. The number of IgG4-positive
plasma cells in AIP-2 is generally not markedly elevated, though small clusters of these
cells may occasionally be observed [57] (Table 1).

Currently, there is no universally recognized histologic pattern for AIP-3. However,
some general histologic features have been observed in patients with ICI-induced pancre-
atitis, which distinguish it from the other subtypes. AIP-3 lacks IgG4-positive plasma cell
infiltration, storiform fibrosis, and GELs. Instead, there is CD8+ T-cell predominant inflam-
mation with evidence of direct acinar injury. Some cases may exhibit mixed inflammatory
infiltrates, including macrophages and CD4+ T cells [58]. While these features provide
some guidance, the variability in the clinical presentation and histological findings of AIP-3
underscores the need for more research to establish clearer diagnostic criteria. The current
histologic patterns are generally used in conjunction with clinical, imaging, and serologic
findings for a comprehensive diagnosis.

6. Treatment and Management
Established guidelines for treatment of AIP have indicated that therapy is recom-

mended for symptomatic patients presenting with abdominal pain, back pain, fever, ob-
structive jaundice, or other organ involvement. For asymptomatic patients, treatment may
be indicated if they exhibit a persistent pancreatic mass on imaging or persistent liver
test abnormalities in the presence of IgG4-related sclerosing cholangitis [58]. The United
European Gastroenterology (UEG) guidelines offer similar recommendations, emphasizing
treatment for symptomatic patients and for subclinical conditions that may lead to severe or
irreversible organ failure [59]. Recent data suggests that approximately 10–25% of patients
with IgG4-RD experience spontaneous symptom resolution without the need for medical
treatment [58]. A study by Hart et al., has reported that up to 55% of cases may resolve
without intervention [60].

Corticosteroids are the first-line therapy for both AIP-1 and AIP-2. They help inhibit
dendritic cell maturation and the downstream signaling of toll-like receptors, stopping the
initiation of the innate immune response and blocking several pro-inflammatory cytokines
involved in AIP’s pathogenesis. They are also key modulators of the adaptive immune
system through their inhibition of lymphocyte activation and promotion of lymphocyte
apoptosis [29] (Table 2).

Prednisone is the most commonly used corticosteroid for the treatment of autoimmune
pancreatitis (AIP). According to guidelines from the United European Gastroenterology
(UEG) and the Swedish Society of Gastroenterology, the recommended initial dose of
prednisone is 0.6–0.8 mg/kg per day (typically 30–40 mg daily), which is maintained for
one month with clinical assessment after 2–4 weeks of therapy. Following this induction
phase, the dose should be gradually tapered by 5 mg per week until a maintenance dose of
2.5–5 mg daily is achieved over a period of 2–3 months. Current literature suggests that
maintenance therapy is often continued for 6 months to 3 years in patients at high risk
of relapse [54]. Close clinical monitoring is essential to guide tapering and determine the
appropriate duration of maintenance treatment. For refractory cases, a mini-pulse steroid
regimen involving two courses of methylprednisolone (500 mg/day for three days, with a
four-day interval) may be considered [58].

Most patients respond well to steroid therapy. Research has shown that up to 90%
of patients reach clinical remission, characterized by symptom resolution, normalization
of IgG4 levels, and imaging improvement [61,62]. However, it is important to note that
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relapse can be present in up to 33% of cases [29]. Patients with AIP-1, elevated IgG4 levels,
jaundice, and systemic involvement are at higher risk for AIP recurrence [63].

For patients who fail corticosteroid therapy or have contraindications for long-term
steroid use, Rituximab has been shown to be an effective single agent in inducing remission
and should be considered as the second-line alternative for AIP-1 [64]. According to the
2017 International Consensus Guidelines, immunosuppressive agents, such as azathioprine
and mycophenolate mofetil, are useful in inducing remission for select patients with high
relapse rates or resistance to corticosteroid therapy. However, they are not effective when
used as monotherapy and often require overlap with steroids for 6–8 weeks [28,65]. While
these agents offer effective second-line therapy, their use requires careful consideration due
to potential adverse effects.

Table 1. Key Characteristics and Comparison of Autoimmune Pancreatitis and its Subtypes [9,10,13,
14,16,29,37,44,55,56,66,67].

AIP-1 AIP-2 AIP-3

Demographic Older males (>60 years) Younger patients
(~50 years)

Patients receiving ICI
therapy (age variable)

Clinical Presentation
Painless obstructive

jaundice, mild abdominal
discomfort, weight loss

Recurrent acute
pancreatitis, abdominal

pain, jaundice

Asymptomatic or with
pancreatitis-like symptoms
(abdominal pain, nausea,
vomiting) or incidental

changes on imaging

Histology IgG4+ plasma
cell infiltration

Granulocytic epithelial
lesions (GEL)

CD8 predominant
inflammation, often mixed

inflammatory infiltrates

Serum IgG4 Levels Elevated (>135 mg/dL) Normal Variable, usually normal

Systemic Involvement
Common (salivary glands,

kidneys, lungs, bile
ducts, etc.)

Rare
Can be associated with

other ICI-related
autoimmune conditions

Key Imaging Findings
Diffuse “sausage-shaped”
pancreas, capsule-like rim

enhancement

Focal/diffuse involvement,
strictures without
upstream dilation

Normal appearing
pancreas,

rarely features of
interstitial pancreatitis

Response to Steroids Good response Good response Limited data

Risk of Relapse After
Treatment

High, requires
maintenance therapy Low Limited data

Table 2. Diagnosis and Management of Autoimmune Pancreatitis [3,9,10,25,29,51,53,55,61,62,64,66].

AIP-1 AIP-2 AIP-3

Diagnosis
and Evaluation

- Elevated serum IgG4
levels (not diagnostic but
suggestive)

- Imaging showing
pancreatic enlargement,
peripancreatic rim,
ductal strictures

- Histopathology (fibrosis,
plasma cell infiltration,
storiform pattern)

- Imaging showing focal or
segmental pancreatic
involvement

- Serum biomarkers (e.g.,
normal IgG4 levels,
elevated serum
amylase/lipase)

- presence of granulocytic
epithelial lesions (GELs)
on histology

- History of ICI therapy
- Elevated amylase/lipase

levels
- Imaging (CT/MRI) to

evaluate pancreas
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Table 2. Cont.

AIP-1 AIP-2 AIP-3

First-Line
Treatment

- Prednisone
(0.6 mg/kg/day, tapered
over 3–6 months)

- If high IgG4 levels,
initiate therapy promptly

- Prednisone (tapered over
4–6 weeks)

- Biologics may be optimal
therapy for underlying
IBD (anti-TNF,
vedolizumab)

- Colchicine emerging as
possible treatment option

- Discontinuation of
ICI therapy

Second-Line
Treatment

- Immunosuppressants
(azathioprine,
mycophenolate mofetil,
methotrexate) if relapse
or steroid-sparing needed

- Rituximab may be used
in refractory cases

- Can consider thiopurines
or biologics (anti-TNF,
vedolizumab) if relapse

- Steroid therapy if needed
for refractory cases, but
generally not effective

Long-Term
Management
and Prognosis

- High relapse rate
(30–60%); may require
long-term low-dose
steroids

- Immunosuppressants for
steroid-sparing
management

- Lower relapse rate
compared to AIP-1

- Close monitoring for
possible biochemical
recurrence after ICI
reintroduction

- Multidisciplinary care
with oncologists and
rheumatologists

Other
Considerations

- Frequent monitoring of
IgG4 levels, organ
involvement (e.g.,
lungs, kidneys)

- Associated with IBD,
typically UC

- Consideration of biologic
therapy adjustments if
with co-existing IBD

- Close coordination with
oncologists for ICI
reintroduction decisions

- Potential for organ
insufficiency requiring
long-term monitoring

While steroids remain the first-line therapy for AIP-2, recent studies suggest that
colchicine may also be effective as it inhibits neutrophil recruitment and reduces the
formation of the pathognomonic GELs [66]. Additionally, biologic agents, such as anti-TNF-
alpha and Ustekinumab, have been shown to manage steroid-refractory AIP-2, particularly
in patients with coexisting IBD [9] (Table 2).

The most important aspect of AIP-3 treatment is early recognition of the condition
and discontinuation of the offending agent. Unlike classical AIP, the role of corticosteroid
therapy in AIP-3 remains controversial due to current studies not showing significant
improvement in duration of symptoms or decrease in risk of hospitalization [10]. One
such study observed that treatment with corticosteroids did not have any effect on severity
of symptoms, mitigating pancreatic volume loss, or in inducing and maintaining remis-
sion [15]. Additionally, corticosteroid use in immunocompromised patients also increases
the risk of infection and this should be taken into consideration prior to starting corti-
costeroids in any patient receiving immunosuppression. Various supportive measures
and symptom management may also be indicated in AIP-3, including pancreatic enzyme
supplementation. Approximately 44% of patients with AIP-3 develop a degree of pancre-
atic parenchymal atrophy and a significant portion of these individuals go on to develop
pancreatic insufficiency. In this population, pancreatic enzyme replacement should be
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considered to alleviate symptoms, such as steatorrhea. Little is known about consequent
endocrine insufficiency in this autoimmune process (Table 2).

Ultimately, further studies are needed to create universal guidelines for treatment of
AIP-3. However, while data supporting the benefit of corticosteroid therapy is minimal, it
would be reasonable to consider corticosteroid initiation in clinical practice for individuals
with severe grade AIP-3 or in those with no improvement from supportive therapies [10,56].

7. Conclusions
In conclusion, AIP is a rare, complex condition characterized by inflammation of the

pancreas secondary to an abnormal immune response. It is classified by three subtypes:
Type 1 (AIP-1), Type 2 (AIP-2), and Type 3 (AIP-3). Each type of AIP is characterized
by different pathophysiologic, clinical, radiographic, and histologic features that aid in
proper diagnosis. AIP-1, or IgG4-related pancreatitis, is recognized by the presence of
lymphoplasmacytic infiltration of the pancreas with the potential for systemic involvement,
while the inflammation in AIP-2 is not systemic and is localized to the pancreas. AIP-3
is unique among the autoimmune pancreatitides in that it is a rare side effect of immune
checkpoint inhibitor therapy. Given the varying methods of treatment for the different
types of AIP, proper awareness and diagnosis of the condition is crucial. Furthermore, as
ICI use becomes more prevalent, research regarding AIP-3 will be essential to understand
its pathogenesis, create guidelines for diagnosis, and standardize the approach to treatment.
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