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Abstract
Post-pancreatitis diabetes mellitus, pancreatic cancer-related diabetes, and cystic fibrosis-related diabetes are often underap-
preciated. As a result, a substantial proportion of people with these sub-types of diabetes receive antidiabetic medications 
that may be suboptimal, if not harmful, in the context of their underlying disease of the exocrine pancreas. The present article 
delineates both classical (biguanides, insulin, sulfonylureas, α-glucosidase inhibitors, thiazolidinediones, and meglitinides) 
and newer (glucagon-like peptide-1 receptor agonists, amylin analogs, dipeptidyl peptidase-4 inhibitors, sodium-glucose co-
transporter-2 inhibitors, D2 receptor agonists, bile acid sequestrants, and dual glucagon-like peptide-1 receptor and glucose-
dependent insulinotropic polypeptide receptor co-agonists) therapies and provides recommendations for managing people 
with diabetes of the exocrine pancreas based on the most up-to-date clinical evidence. Also, several emerging directions 
(lipid-enriched pathways, Y4 receptor agonism, glucagon-like peptide-1 and glucagon receptor co-agonism) are presented 
with a view to informing the process of new drug discovery and development.
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Key Points 

Patients with diabetes of the exocrine pancreas (DEP) 
require individualized treatment plans.

Insulin as first-line treatment of DEP might suit only a 
minority of patients. 

Early appropriate management of DEP has the poten-
tial to meaningfully reduce the burden of this type of 
diabetes.

1  Introduction

The present availability of 13 classes of glucose-lowering 
drugs is a great boon to management of diabetes mellitus. 
However, it comes at the time when the heterogeneity of 

the disease is increasingly recognized. One facet of this 
heterogeneity is diabetes of the exocrine pancreas (DEP), 
which is frequently misclassified as either type 2 or type 
1 diabetes. Diabetes of the exocrine pancreas encompasses 
post-pancreatitis diabetes mellitus (PPDM, including diabe-
tes after acute [PPDM-A] or chronic [PPDM-C] pancreati-
tis), pancreatic cancer-related diabetes (PCRD), and cystic 
fibrosis-related diabetes (CFRD) (Fig. 1). The incidence of 
DEP is projected to reach 16 per 100,000 general population 
by 2050, with an average annual growth of nearly 3% [1]. 
Comprehensive recommendations on diagnosis and clas-
sification of DEP were recently published elsewhere [2]. 
Acute pancreatitis, chronic pancreatitis, pancreatic can-
cer, and cystic fibrosis are discrete entities, and therefore it 
comes as no surprise that the diabetes that develops second-
ary to them may involve different pathogenetic pathways, 
with deep implications for both optimal pharmacotherapy of 
patients today and new drugs for diabetes tomorrow. Also, 
the modern paradigm of person-centered pharmacotherapy 
requires health care professionals to appreciate an array of 
comorbidities that diabetes patients may have. Therefore, 
knowledge of the advantages and disadvantages of major 
classes of glucose-lowering drugs is important. The above 
aspects prompted the authors to review human studies of 
classical, newer, and emerging therapies specifically in the 
context of DEP.

http://crossmark.crossref.org/dialog/?doi=10.1007/s40265-023-01913-5&domain=pdf
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2 � Key Pharmacological Management 
Considerations

Management of DEP using drugs approved for type 1 and 
type 2 diabetes has been carried out using principles learned 
from treatment of the latter two types of diabetes. Except 
for CFRD, there have been no randomized controlled trials 
to inform either choice of antidiabetic agent or treatment 
targets specifically in DEP. Of note, landmark trials such as 
the Diabetes Control and Complications Trial and the United 
Kingdom Prospective Diabetes Study (UKPDS), which 
established the benefit of glucose control in type 1 and type 
2 diabetes, respectively, excluded individuals with DEP [3, 
4]. Exclusion of DEP from diabetes trials has unfortunately 
been the norm for all major diabetes drug trials, including 
those of incretin-based agents.

Metformin and insulin have been the most commonly 
used drugs in DEP, which is consistent with several recent 
expert recommendations [5–10], while other guidelines 
continue to emphasize insulin alone [11]. Initial use of 
metformin or insulin has also been recommended for DEP 
associated with hereditary pancreatitis—generally consid-
ered to be a sub-type of chronic pancreatitis [12]. Of note, 
insulin remains the main recommended treatment for CFRD 
[13]. Selection of metformin or insulin as the initial agent 
is often based on individual patient features. Metformin is 
a reasonable first choice for patients with mild hyperglyce-
mia and insulin resistance, whereas insulin is preferable for 
severe hyperglycemia, particularly in the setting of insulin 
deficiency and in patients with severe malnutrition (given 
its anabolic effects) [8]. Studies specifically in CFRD have 
found a beneficial effect of insulin to improve body mass 
index (BMI) [14].

Experts have recommended insulin as first-line treatment 
for DEP in children with chronic pancreatitis and recur-
rent acute pancreatitis, given that this addresses the primary 
deficit of insulin deficiency [15]. In a cohort of 397 children 
with acute recurrent pancreatitis or chronic pancreatitis, 24 
had a physician diagnosis of diabetes, and 20 were treated 

with insulin [16]. Metformin may be considered in children 
with DEP and milder degrees of hyperglycemia who have 
features of insulin resistance such as obesity or acanthosis 
nigricans [15].

The progressive nature of DEP, especially associated 
with advanced chronic pancreatitis, often warrants treatment 
intensification, such that many patients initially controlled 
with metformin may ultimately require insulin once insulin 
deficiency develops. For example, a patient with PPDM-A 
who goes on to develop recurrent acute or chronic pancreati-
tis may also experience worsening glucose tolerance, neces-
sitating changes in their antidiabetic regimen [17]. In a case 
series of 38 patients with DEP (6 associated with pancreatic 
cancer and 32 with benign pancreatic disease), metformin 
alone was the most common initial treatment, but 30 of the 
38 patients required insulin within 12 months of diagnosis 
[18]. Whether to discontinue the metformin upon insulin 
initiation is based on the individual patient profile. Experts 
have recommended continuing metformin when possible to 
allow a lower dose of insulin and possibly to mitigate any 
carcinogenic effects of insulin [10].

There are even scenarios when treatment should be de-
intensified. Many patients with DEP may have “brittle” 
diabetes, characterized by rapid fluctuations between hypo-
glycemia and hyperglycemia. Factors promoting hypoglyce-
mia include loss of glucagon, carbohydrate malabsorption, 
unpredictable eating patterns (due to nausea or abdominal 
pain) and preserved peripheral insulin sensitivity. Hypergly-
cemia may be promoted by deficiency of insulin and pan-
creatic polypeptide that increases hepatic glucose produc-
tion [7, 19]. The glycemic target for patients at high risk for 
hypoglycemia should not be strict (i.e., the usual hemoglobin 
A1c target of less than 7% may be inappropriate). Another 
setting where flexibility of therapy may be needed concerns 
patients with PCRD on antidiabetic therapy who undergo 
surgery or chemotherapy, which may improve (or even nor-
malize) glucose intolerance [6].

Beyond insulin and metformin, other antidiabetic medica-
tions have scarcely been studied. Given that 45–90% of cases 
of DEP are misclassified as having type 2 diabetes [20, 21], a 

Fig. 1   Sub-types of DEP. The 
sub-types are arranged accord-
ing to their frequency in the 
general population. DEP diabe-
tes of the exocrine pancreas
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substantial proportion of these patients have been prescribed 
antidiabetic medications that may be inappropriate or even 
unsafe given the underlying disease of the exocrine pancreas.

3 � Classical Therapies

Biguanides, insulin, sulfonylureas, thiazolidinediones, and 
meglitinides were first used for treatment of diabetes in the 
20th century and therefore represent classical therapies 
(Fig. 2).

3.1 � Biguanides

Several observational cohort studies have suggested an 
antineoplastic effect of metformin. Diabetes and chronic 
pancreatitis alone are associated with an increased risk of 
pancreatic cancer (with an especially high risk if both are 
present) and are integral parts of clinical prediction mod-
els for pancreatic cancer [22]. Therefore, any effect of met-
formin to prevent pancreatic cancer would be of great value. 
A systematic review and meta-analysis of 10 cohort studies 
and 3 case–control studies found metformin use in type 2 
diabetes was associated with a reduced risk of pancreatic 
cancer (risk ratio [RR] 0.62, 95% confidence interval [CI] 
0.46–0.86), with no evidence of publication bias [23]. In 
contrast, another systematic review and meta-analysis of 6 
cohort studies, 3 case–control studies (these 9 observational 
studies were also included in the meta-analysis described 
above), and 2 randomized controlled trials concluded that 
metformin was not associated with reduced risk of pancre-
atic cancer [24]. Thus, despite much interest in a protective 

effect of metformin against pancreatic cancer, sparked by the 
first study nearly 15 years ago [25], this effect of metformin 
is uncertain at present. It might also reflect preferential use 
of metformin in patients with less severe diabetes, with 
such diabetes possibly conferring a lower risk of pancreatic 
cancer. Of note, even if metformin does have antineoplas-
tic effects, to date it has been studied in cohorts of type 2 
diabetes, lending uncertainty regarding whether the benefit 
would also be seen in DEP, given the potential differences in 
pathophysiology between the two types of diabetes and up 
to 7-times higher risk for pancreatic cancer in PPDM versus 
type 2 diabetes [26].

Several studies have examined the potential impact of 
metformin in the setting of PCRD. A meta-analysis of 21 
studies (including over 38,000 patients) found that met-
formin use in patients with diabetes and pancreatic can-
cer was associated with a survival benefit compared to 
metformin non-users (hazard ratio [HR] 0.83, 95% CI 
0.74–0.91), with lower mortality observed for early and 
mixed stage cancer but not advanced stage cancer [27]. This 
analysis consisted of 19 cohort studies and 2 randomized 
controlled trials. These randomized trials found no benefit of 
adding metformin to chemotherapy regimens in patients with 
advanced/metastatic pancreatic cancer [28, 29]. Whether 
metformin will have a role as adjunctive therapy in earlier 
stages of pancreatic cancer will require purposely designed 
randomized controlled trials. Nevertheless, these data do 
shed positive light on metformin as treatment in DEP.

Using nationwide pharmaceutical and hospital discharge 
data in New Zealand, the Clinical and epidemiOlogical 
inveStigations in Metabolism, nutritiOn, and pancreatic dis-
easeS (COSMOS) program studied the relationship between 

Fig. 2   Concept map of pharma-
cological management of DEP. 
DEP diabetes of the exocrine 
pancreas, DPP-4 dipeptidyl 
peptidase-4, GIP glucose-
dependent insulinotropic 
polypeptide, GLP-1 glucagon-
like peptide-1, SGLT-2 sodium-
glucose co-transporter-2, PP 
pancreatic polypeptide
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antidiabetic drug use and mortality in 836 individuals with 
PPDM and 1026 with PCRD [30]. Compared to those with 
PPDM who never used antidiabetic agents, first-use of met-
formin monotherapy was associated with lower mortality 
(adjusted HR 0.22, 95% CI 0.09–0.53) as was ever-use of 
metformin (HR 0.51, 95% CI 0.36–0.70). A greater mortal-
ity benefit with metformin use in PPDM versus type 2 diabe-
tes was also observed (adjusted HR 0.75, 95% CI 0.72–0.77) 
[30]. A clear survival benefit of metformin in PCRD was 
not seen in this study. Despite the potential benefits of met-
formin in DEP, a Danish nationwide cohort study found that 
only 64.5% of patients with PPDM had ever received a pre-
scription for metformin, which was significantly lower (RR 
0.85, 95% CI 0.83–0.86) than the 76.3% rate of metformin 
prescription in those with type 2 diabetes [20]. The above-
mentioned COSMOS population-based cohort study found 
that 59.6% of patients with PPDM had ever received a pre-
scription for metformin as compared with 74.1% of those 
with type 2 diabetes [30].

In the Diabetes Prevention Program, metformin reduced 
the incidence of diabetes by 31% in participants with 
impaired glucose tolerance [31]. Whether metformin can 
prevent diabetes in patients with a history of disease of the 
exocrine pancreas warrants study, especially in chronic pan-
creatitis where the risk of developing diabetes increases with 
increasing duration of disease (4%–10% at onset of chronic 
pancreatitis, 28–50% at 10 years, and 52–83% by 20–25 
years) [32, 33]. Given that the risk of developing new-onset 
diabetes begins to increase early after clinical resolution of 
pancreatitis [34] and is up to 25% 5 years after an episode 
of acute pancreatitis [35, 36], trials evaluating metformin 
prevention in this setting are also needed. Instruments for 
identifying individuals at high risk for diabetes after acute 
pancreatitis [37] or after chronic pancreatitis [38] will be of 
high value for selecting participants for diabetes prevention 
trials.

Potential drawbacks of metformin use in DEP include 
side effects such as bloating, abdominal discomfort, and 
diarrhea. While this will not be problematic for patients 
with DEP associated with resolved mild acute pancreatitis, 
these side effects may be less tolerable with those with DEP 
secondary to chronic pancreatitis or pancreatic cancer. Such 
side effects may be avoided by gradual dose titration. Met-
formin also has a mild effect to promote weight loss, which 
would be problematic only for patients with DEP with severe 
malnutrition. Metformin is associated with a rare but dan-
gerous side effect of lactic acidosis, which is a concern for 
patients with renal insufficiency or ongoing alcohol abuse. 
Given that patients with PPDM may have an increased risk 
of hospitalization for chronic kidney disease [39], renal 
function should be assessed before prescribing metformin.

3.2 � Insulin

Multiple meta-analyses of prospective studies have found 
that around 25% of individuals with acute pancreatitis 
developed diabetes, of which about 70% received insulin 
treatment [35, 36]. Similarly, meta-analyses have found an 
incidence rate of 30% of new-onset diabetes after chronic 
pancreatitis, the majority of whom received insulin [40]. 
After both acute and chronic pancreatitis, rates of insulin-
treated diabetes increases with increasing duration after 
diagnosis of pancreatitis [35, 36, 40]. Given that no clini-
cal trials have been performed to specifically recommend 
insulin, the widespread use of insulin in DEP likely reflects 
several factors, including (a) the assumption that insulin 
deficiency is the key deficit across all sub-types of DEP, 
(b) earlier expert recommendations that insulin should be 
used as first-line treatment in DEP (assuming poor or tran-
sient response to oral antihyperglycemic agents) [41, 42], 
and (c) the severity of hyperglycemia in DEP, especially 
long-standing, often requires insulin for glycemic control.

Several studies have documented a more frequent pre-
scription of insulin therapy in individuals with DEP com-
pared to those with type 2 diabetes. Despite higher rates 
of insulin use, glycemic control is often worse, reflecting 
the difficulty in achieving treatment success in DEP [21, 
43]. Uncontrolled hyperglycemia in DEP leading to insulin 
initiation or poor glycemic control that persist despite use 
of insulin are both possible. In addition, rates of hypogly-
cemia are uniformly greater in DEP versus type 2 diabetes 
[43–45]. Studies of large national databases have been par-
ticularly informative in this regard. The first study of this 
kind identified (using Read codes, which are similar to ICD 
codes) 31,789 cases of newly diagnosed diabetes among over 
2 million adults seen in primary care practices in the United 
Kingdom (2005 to 2016), of which 559 (1.8%) occurred 
after pancreatic disease and were deemed DEP [21]. These 
consisted of 361 cases (65%) of PPDM-A and 198 cases 
(35%) associated with chronic pancreatic disease (91 cases 
of PPDM-C, 11 cases of PCRD, 18 cases of CFRD, and 
78 other cases). Most of the cases (30,876 or 97% of the 
incident cases) were deemed type 2 diabetes and 354 cases 
(1.1%) were diagnosed as type 1 diabetes. Compared to type 
2 diabetes, DEP was associated with higher likelihood of 
initiation of insulin therapy within 1 year and within 5 years 
of diagnosis, with and without adjustment for baseline char-
acteristics (Table 1).

A nationwide population-based cohort study based on 
South Korea’s National Health Insurance Service (ICD-10 
codes and pharmacy data, focused on adults with newly 
diagnosed diabetes from 2012 to 2017) compared 153,894 
patients with type 2 diabetes (defined as diabetes without 
prior pancreatic disease) to 3629 cases of DEP (diabetes 
with a prior diagnosis of pancreatic disease) [44]. The group 
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with DEP consisted of PPDM-A (28.4%), PPDM-C (62.4%), 
PCRD (9.0%) and CFRD (0.2%). The primary outcome—
incidence of initiation of insulin therapy—was significantly 
greater in DEP versus type 2 diabetes (Table 1). Insulin use 
rates were higher across all categories in this study in com-
parison to the United Kingdom study described above [21]. 
Diabetes of the exocrine pancreas, in comparison to type 2 
diabetes, was associated with higher rates of hypoglycemia 
(adjusted odds ratio [OR] 1.85, 95% CI 1.54–2.21), micro-
vascular complications, macrovascular complications, and 
all-cause mortality.

Another nationwide population-based cohort study col-
lected 398,456 cases of new-onset diabetes in adults in Den-
mark from 2000 to 2018 (used ICD-10 codes and prescrip-
tion data) [20]. This study focused on PPDM and therefore 
excluded PCRD and CFRD. Most patients were classified as 
having type 2 diabetes (96.2%) while 2.3% were classified as 
type 1 diabetes and 1.5% as PPDM (0.9% PPDM-A and 0.6% 
PPDM-C). Unlike the studies described above, this study 
not only described insulin use but also examined use of 
non-insulin antidiabetic therapies (discussed below). Once 
again, an earlier and increased use of insulin was observed 
in PPDM compared to type 2 diabetes. Over a median fol-
low-up of 6.7 years, the overall adjusted HR for insulin use 
was 3.10 (95% CI 2.96–3.23) in the entire PPDM group, 
2.45 (95% CI 2.30–2.61) in those with PPDM-A, and 4.30 
(95% CI 4.05–4.56) in those with PPDM-C. The frequency 
of insulin prescription was 17.8% in type 2 diabetes and 
42.5% in PPDM.

A comparison of metabolic features between 142 indi-
viduals with DEP (diabetes occurring after pancreatitis 
or pancreatic surgery) and 142 individuals with type 2 
diabetes matched for age, sex, and duration of diabetes 
[43] found that those with DEP received insulin more 

frequently (OR 4.2, 95% CI 2.6–6.9) and had higher hemo-
globin A1c levels (9.0% vs 8.1%) and more episodes of 
hypoglycemia (46% vs 18%) [43]. Another study compared 
78 patients with PPDM to 5486 patients with type 2 dia-
betes; the rates of insulin therapy were 21.8% and 5.1%, 
respectively, with a non-significant trend for higher hemo-
globin A1c levels in those with PPDM [46].

Insulin is often used in patients with hereditary pan-
creatitis who develop diabetes. Among 5 members of a 
family with a mutation (N29T) in the PRSS1 gene, all 
members ultimately required insulin therapy, though 4 of 
them used metformin and glyburide (mean 46 months) 
prior to initiating insulin [47].  Glycemic control was poor 
(mean hemoglobin A1c 9.9%, with frequent hyperglycemia 
and hypoglycemia) [47]. The type of mutation may dictate 
the need for insulin treatment. In a case series of patients 
with pancreatitis, among 32 patients with an intronic vari-
ant in PRSS1, only 3 developed diabetes (which was con-
trolled with metformin). In contrast, among 52 patients 
with exonic variants, 27 developed diabetes, of whom 40% 
were treated with insulin [48].

It has been recommended that insulin dosing in DEP 
should follow practices for type 1 diabetes, given the pre-
dominant insulin deficient state and relatively preserved 
insulin sensitivity; however, higher doses may be needed 
for overweight patients. A study that matched patients with 
DEP with patients with type 1 or type 2 diabetes found that 
insulin doses were similar between type 1 diabetes and 
DEP (0.60 to 0.62 units/kg/day) and lower in those with 
type 2 diabetes (0.56 units/kg/day) [45].

Insulin may be administered by single or multiple daily 
injections (MDI) or via continuous subcutaneous insu-
lin infusion (CSII) via insulin pump. Few studies have 
compared the methods of insulin delivery in patients 

Table 1   Incidence of insulin use after the diagnosis of different types of diabetes in national databases

* The UK study adjusted for age, sex, ethnicity, index of multiple deprivation score, smoking status, and BMI. The South Korean study adjusted 
for age, sex, BMI, fasting plasma glucose, LDL cholesterol, alcohol consumption, smoking status, medical coverage, systolic blood pressure, tri-
glycerides, eGFR, and Charlson comorbidity index
BMI body mass index, eGFR estimated glomerular filtration rate, DEP diabetes of the exocrine pancreas, LDL low-density lipoprotein, PPDM-
A, post-pancreatitis diabetes mellitus including diabetes after acute pancreatitis

Type of diabetes Setting Insulin use at 1 year Insulin use at 5 years

Incidence Unadjusted 
odds/hazard 
ratio

Adjusted* odds/haz-
ard ratio

Incidence Unadjusted 
odds/hazard 
ratio

Adjusted* odds/hazard 
ratio

Type 2 diabetes UK 1.4% 1.0 1.0 4.1% 1.0 1.0
Type 2 diabetes South Korea 10.8% 1.0 1.0 19.3% 1.0 1.0
DEP overall UK 16.3% 13.5 (10.3–17.5) 9.6 (7.0–13.2) 29.6% 9.9 (7.2–13.4) 7.4 (5.2–10.4)
DEP overall South Korea 17.8% 1.71 (1.58–1.85) 1.39 (1.29–1.51) 32.4% 1.63 (1.54–1.73) 1.38 (1.30–1.47)
PPDM-A UK 9.7% 7.5 (5.0–10.9) 6.4 (4.1–9.7) 20.9% 6.2 (4.0–9.3) 5.2 (3.3–8.2)
DEP other than 

PPDM-A
UK 28.9% 28.3 (19.6–40.2) 16.4 (10.4–25.6) 45.8% 19.8 (12.3–31.7) 12.9 (7.4–22.2)
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with DEP. In a study of 39 patients with a history of total 
pancreatectomy and insulin-dependent DEP, 18 patients 
were treated with CSII and 21 with MDI [49]. A trend 
for lower hemoglobin A1c (8.1% vs 7.3%, p = 0.16) was 
observed for CSII compared to MDI. In a 1-month period, 
rates of severe hypoglycemia (glucose < 50 mg/dL) were 
significantly lower with CSII than MDI (17% vs 52%, p 
= 0.02). Additional and larger studies, with inclusion of 
PPDM, PCRD, CFRD, will be needed to fully establish 
the superiority of CSII in treatment of DEP. In the mean-
time, it is reasonable to use CSII in insulin-deficient DEP 
patients with sufficient motivation, especially those who 
eat multiple small meals [7]. Future technologies such 
as a bi-hormonal artificial pancreas (delivering insulin 
and glucagon) with closed-loop glucose control showed 
promise in a study of 12 patients who had undergone total 
pancreatectomy, finding increased time in euglycemia and 
reduced time in hypoglycemia compared to current diabe-
tes care [50].

In the COSMOS nationwide database study described 
above, insulin therapy was neutral in terms of mortality risk 
in DEP [30]. Observational studies have associated insulin 
use with pancreatic cancer [51, 52]. However, whether this 
reflects a causal effect of insulin is not established. It is pos-
sible that the relationship is confounded by the known rela-
tionship between diabetes itself and pancreatic cancer [53]. 
Those who require insulin may have more severe hypergly-
cemia, which may increase the risk of pancreatic cancer, 
rather than the insulin treatment. Of note, short-term insulin 
use has been associated with an increased risk of pancre-
atic cancer, whereas long-term use has been associated with 
neutral or reduced risk of pancreatic cancer [54–56]. That 
insulin treatment is generally given long term might mitigate 
against risk of pancreatic cancer. Administration of insulin 
to a patient with DEP should be done only when control of 
significant hyperglycemia is deemed to have a higher benefit 
than the theoretical risk of pancreatic cancer. Moreover, a 
COSMOS study found that long-term insulin use (vs never 
use) after a first attack of acute pancreatitis was associ-
ated with a higher risk of progression to recurrent acute or 
chronic pancreatitis (adjusted HR 1.56, 95% CI 1.15–2.11) 
[57]. Thus, insulin should be considered especially carefully 
for the subset of patients with PPDM-A, many of whom (dia-
betes after non-necrotizing acute pancreatitis) have a better 
likelihood of milder diabetes that could be controlled with 
metformin versus the more severe forms of DEP that often 
require insulin.

3.3 � Sulfonylureas

Sulfonylureas act by stimulating insulin release from pan-
creatic β cells. A European guideline on the management 
of chronic pancreatitis recommended against the use of 

sulfonylureas in DEP given the risk of hypoglycemia [8]. 
An American guideline stated that sulfonylureas could be 
used in early PPDM-C with mild hyperglycemia but encour-
aged use of short-acting agents to avoid hypoglycemia [7]. 
Hypoglycemia with sulfonylureas is particularly concern-
ing given that several studies have documented high risk of 
hypoglycemia in DEP [43–45, 58]. The nationwide Dan-
ish population-based cohort study described above found 
that 25% of those with PPDM had received a prescription 
of sulfonylureas [20]. With the advent of newer therapies 
(described below), the use of sulfonylureas in type 2 diabetes 
has been decreasing in recent years. However, the Danish 
study found that this decrease occurred two years later in 
patients with PPDM compared to those with type 2 diabetes 
[20]. Given the dependence of sulfonylurea action on func-
tional β cells and the risk of hypoglycemia, sulfonylureas 
are not optimal treatment in most cases of DEP, regardless 
of the underlying etiology.

3.4 � Thiazolidinediones

Thiazolidinediones improve glycemia by improving periph-
eral insulin sensitivity. Experts have recommended against 
use of thiazolidinediones in DEP given their association 
with bone fractures, fluid retention, and congestive heart 
failure [7, 8]. The association with fractures is a particular 
concern given that individuals with chronic pancreatitis have 
an increased risk of osteoporosis [59]. Although primarily 
known as a peripheral insulin sensitizer, thiazolidinediones 
may also improve hepatic insulin sensitivity, which has been 
documented in PPDM-C [60]. Given that insulin resist-
ance has been observed in PPDM-A, PPDM-C, and PCRD 
[61–63], clinical trials of these agents in patients with these 
conditions are needed to demonstrate whether the benefits 
outweigh the risks.

3.5 � Other Classes

α-Glucosidase inhibitors (e.g., acarbose, miglitol), which 
improve glycemia by delaying glucose absorption, have 
been recommended against in DEP as they may exacerbate 
exocrine insufficiency and have prominent gastrointestinal 
adverse effects (flatulence, diarrhea, bloating, abdominal 
pain) [8]. In addition, patients on these agents who have a 
hypoglycemic event must take glucose rather than sucrose—
another potential disadvantage given higher risk of hypogly-
cemia in DEP. Meglitinides (e.g., repaglinide and nateglin-
ide) are insulin secretagogues that have a similar mechanism 
of action as sulfonylureas but have a faster onset and shorter 
duration of action. At least one guideline has suggested they 
might be used early in DEP [8]. A relatively small (75 par-
ticipants) open-label randomized trial in CFRD found repa-
glinide to be non-inferior to insulin in glycemic control [64]. 
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However, given the dependence of these agents on intact β 
cells for efficacy and their risk of hypoglycemia, they are of 
low interest as treatment for DEP.

4 � Newer Therapies

The main classes of drugs approved for clinical use in 
the 21st century include glucagon-like peptide-1 (GLP-1) 
receptor agonists, dipeptidyl peptidase 4 (DPP-4) inhibi-
tors, sodium-glucose co-transporter-2 (SGLT-2) inhibitors 
(Fig. 2).

4.1 � Incretin‑Based Therapies

Incretin hormones (glucose-dependent insulinotropic poly-
peptide (GIP) secreted by K-cells in the small intestine and 
glucagon-like peptide-1 [GLP-1] secreted by L-cells in the 
ileum and large intestine) are secreted by the gut in response 
to food and augment insulin secretion when circulating glu-
cose levels are elevated. Both GLP-1 and GIP are rapidly 
inactivated by DPP-4. Evidence suggests that there is defi-
cient secretion of GLP-1 and resistance to GIP in type 2 
diabetes [65]. The incretin system also appears to be dys-
functional in DEP [66–68]. However, in contrast to type 2 
diabetes, where incretin-based agents (GLP-1 receptor ago-
nists and DPP-4 inhibitors) have been used with increasing 
frequency, such agents are very rarely used in the treatment 
of properly diagnosed DEP, for safety concerns outlined 
below.

For patients with active pancreatic disease, the gastroin-
testinal effects of GLP-1 receptor agonists, such as nausea, 
early satiety, decreased appetite, and delayed gastric empty-
ing, may be problematic. Glucagon-like peptide-1 receptor 
agonists have a well-recognized weight loss effect. Indeed, 
this effect is so significant that several GLP-1 receptor ago-
nists have been approved as weight loss medications in peo-
ple without diabetes (liraglutide, semaglutide). In patients 
with DEP who have exocrine pancreatic dysfunction (and 
the resulting nutritional deficiencies), this weight loss effect 
may be undesirable.

Several years ago, an alarm was raised that incretin-based 
agents (GLP-1 receptor agonists or DPP-4 inhibitors) could 
be linked to an increased risk of pancreatitis and pancreatic 
cancer, based on the US Food Drug Administration (FDA) 
adverse event reporting with the first two such agents, exena-
tide and sitagliptin [69]. Many subsequent studies examined 
these concerns. A challenge to determine whether a drug 
causes pancreatitis or pancreatic cancer in diabetes is the fact 
that diabetes itself appears to increase the risk of pancreatitis 
and pancreatic cancer [55].

Observational case-control and cohort studies, which are 
subject to various biases, yielded mixed results on whether 

GLP-1 receptor agonists increase the risk of pancreatitis 
or pancreatic cancer. Conclusions based on early trials of 
incretin-based agents were problematic due to poorly defined 
criteria for the diagnosis of pancreatitis; however, once this 
safety signal was publicized, more recent randomized tri-
als have prespecified pancreatic disease as adverse events 
with specific criteria for detection [70]. Meta-analyses of 
these randomized controlled trials have been conducted to 
address the issue more clearly. A meta-analysis of 3 GLP-1 
receptor agonist randomized clinical trials with 2 or more 
years of follow-up in which acute pancreatitis was a pre-
defined and adjudicated adverse event (LEADER, ELIXA, 
and SUSTAIN-6, which studied liraglutide, lixisenatide, and 
semaglutide, respectively) found no increased risk of acute 
pancreatitis in the 9347 participants treated with GLP-1 
receptor agonists versus 9353 treated with placebo (OR 0.75, 
95% CI 0.47–1.17) [71]. More recently, a meta-analysis of 7 
randomized trials (the 3 trials mentioned above plus EXS-
CEL, Harmony Outcomes, PIONEER 6, and REWIND, 
which studied exenatide, albiglutide, oral semaglutide, and 
dulaglutide, respectively), was conducted, encompassing 
56,004 participants with type 2 diabetes with median follow-
up ranging from 1.3 to 5.4 years [72]. The risk of acute pan-
creatitis was not increased, with 92 cases occurring in those 
treated with GLP-1 receptor agonists and 88 cases among 
controls (OR 1.05, 95% CI 0.78–1.40). Further, the risk of 
pancreatic cancer was also not increased, with 57 cases in 
the drug group and 51 cases in the placebo group (OR 1.12, 
95% CI 0.77–1.63). Additional meta-analyses of these 7 ran-
domized controlled trials also concluded that GLP-1 recep-
tor agonists were not associated with increased risk of acute 
pancreatitis, pancreatic cancer (or any cancer for that matter) 
[73, 74]. Of note, while randomized controlled trials may 
not suffer from biases that confound observational studies, 
they do have the disadvantage of lasting for only a few years, 
which may limit the power to detect rare events (such as 
pancreatic cancer) that occur over a long period of time [70].

Meta-analyses have also been conducted to examine 
the risk of pancreatitis and pancreatic cancer with DPP-4 
inhibitors. While such analyses have not confirmed a risk 
of pancreatic cancer, they have suggested an increased risk 
of acute pancreatitis [73, 74]. A meta-analysis of 4 rand-
omized controlled trials (SAVOR TIMI 53, EXAMINE, 
TECOS, and CARMELINA, which studied saxagliptin, 
alogliptin, sitagliptin, and linagliptin, respectively) docu-
mented an increased risk of acute pancreatitis (OR 1.75, 95% 
CI 1.14–2.70) [73]. The authors noted that in each DPP-4 
inhibitor trial, a non-significant increase in acute pancreatitis 
was observed, which was not the case in GLP-1 receptor 
agonist trials. A second meta-analysis documented a similar 
increased risk of acute pancreatitis when examining these 4 
trials jointly (OR 1.79, 95% CI 1.17–2.72); the addition of 
active comparator trials (CAROLINA and OMNEON, which 
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studied linagliptin and omarigliptin) to the 4 trials also found 
a significant risk (OR 1.54, 95% CI 1.08–2.18) [74].

While patients with overt DEP due to chronic pancreatitis 
or pancreatic cancer have typically been excluded from clini-
cal trials of antidiabetic therapy, the concern that incretin 
agents could increase the risk of pancreatitis led to essen-
tially complete exclusion of DEP from recent clinical trials, 
including patients with a history of acute pancreatitis. As a 
result, any evidence-based benefit or harm of modern anti-
diabetic agents cannot be confidently extrapolated to DEP, 
despite reassurances from regulatory agencies [75]. Given 
that individuals with a history of a single attack of acute pan-
creatitis, recurrent acute pancreatitis, or chronic pancreatitis 
may have a 2-fold to 7-fold increased risk of pancreatic can-
cer [76–78], incretin-based agents should be avoided in DEP 
until clinical trials prove that they are safe in these patients. 
A Danish nationwide study that characterized adult cases 
of diabetes diagnosed from 2000 to 2018 found that DPP-4 
inhibitors and GLP-1 receptor agonists were prescribed in 
14.1% and 6.3% of patients with PPDM, respectively [20]. 
A European diabetes registry study found that 0.2–1.4% of 
patients with DEP were treated with GLP-1 receptor ago-
nists and 0.2–6% were treated with DPP-4 inhibitors [45].

Recently, a dual GLP-1 and glucose-dependent insuli-
notropic peptide (GIP) receptor co-agonist, tirzepatide, has 
become available for the treatment of type 2 diabetes [79]. 
Tirzepatide appears to be more potent than GLP-1 receptor 
agonists in terms of glucose control and weight loss. The 
significant weight loss may be undesirable for patients with 
DEP who have exocrine pancreatic dysfunction. Tirzepa-
tide is associated with gastrointestinal side effects similar 
to GLP-1 receptor agonists (described above). Given that 
patients with a history of pancreatitis were excluded from 
clinical trials of tirzepatide, their role in treatment of DEP 
remains to be determined. A critical unknown is whether the 
additional GIP receptor agonism would increase the risk of 
pancreatitis or pancreatic cancer in patients with a history 
of pancreatitis.

Until appropriate trials are completed to demonstrate 
safety of incretin-based agents in DEP, what can be done 
to improve incretin function in DEP? A leading hypothesis 
is that impaired nutrient absorption due to exocrine pancre-
atic dysfunction arising in pancreatic disease contributes to 
impaired incretin secretion and therefore reduced postpran-
dial insulin secretion in DEP; however, evidence is mixed in 
this regard [80–83]. If this is the case, it would suggest that 
pancreatic enzyme replacement therapy to optimize nutri-
ent digestion may improve glycemia via improved incretin 
response. Only a few small studies have administered pan-
creatic enzymes in the setting of PPDM-C and CFRD; while 
post-meal incretin levels did increase, glycemic improve-
ment was not consistently observed [80, 82, 84, 85]. Further 
studies are needed.

Priority for clinical trials in DEP should be for GLP-1 
receptor agonists, given that they have had positive results 
in cardiovascular outcome trials and are protective against 
albuminuria [86]. On the other hand, while DPP-4 inhibitors 
have few side effects, the uncertainty regarding their risk 
of pancreatitis and the lack of demonstrated cardiovascu-
lar benefit make these agents low priority for clinical trials 
in patients with DEP. At this time, cardiovascular outcome 
trials have not been published for tirzepatide. If such trials 
eventually demonstrate cardioprotective effects of tirzepatide 
that would justify clinical trials of this novel agent in DEP.

4.2 � SGLT‑2 Inhibitors

SGLT-2 inhibitors lower blood glucose by reducing renal 
glucose and sodium reabsorption, increasing urinary glu-
cose excretion. SGLT-2 inhibitors have been associated 
with euglycemic diabetic ketoacidosis, particularly in type 
1 diabetes. Given that DEP is often an insulin-deficient state, 
experts have recommended against their use in DEP until 
trials are performed to demonstrate their safety [8]. This 
caution pertains mainly to people with PPDM-C and may 
be less of a concern for patients with PPDM-A. SGLT-2 
inhibitors also induce weight loss, which may be undesir-
able for some patients suffering from pancreatic disease. On 
the other hand, SGLT-2 inhibitors have been found to have 
multiple non-glycemic benefits, including protection against 
cardiovascular events and an effect to preserve renal function 
[87]. Another attractive aspect of SGLT-2 inhibitors for DEP 
is that their mechanism of action does not depend on insulin 
production or response, such that they may retain glycemic 
effectiveness even in patients with advanced chronic pan-
creatitis. Clinical trials are warranted to evaluate SGLT-2 
inhibitors for DEP. Patients best suited for enrollment in 
such clinical trials would be those with PCRD, PPDM-A 
or early PPDM-C without insulinopenia, given that insulin 
deficiency may increase the risk of euglycemic ketoacidosis. 
Patients with malnutrition would also be unsuitable given 
the potential weight loss effect of SGLT-2 inhibitors.

4.3 � Other Classes

Amylin, which is co-secreted with insulin, slows gastric 
emptying, suppresses postprandial glucagon secretion, 
decreases hepatic glucose output, and increases satiety. 
Pramlintide, an amylin analog, was approved in the USA 
for use in type 1 and type 2 diabetes. Given its mild improve-
ment in glycemic control and high rates of nausea, vomiting, 
anorexia, and headache, it is rarely used in general and is a 
poor candidate for treatment of DEP. Another concern is that 
pramlintide increases the risk of hypoglycemia when used 
with insulin, and many patients with DEP are prescribed 
insulin. The frequent gastrointestinal side effects associated 
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with rapid-acting D2 receptor agonists (e.g., bromocrip-
tine) and bile acid sequestrants (e.g., colesevelam)—both 
approved as treatments for diabetes in the USA—preclude 
their use in patients with DEP, in whom these drugs have 
not been well studied.

5 � Emerging Therapies

Research advances have enabled clinical trials of several 
novel compounds in individuals with diseases of the exo-
crine pancreas [88–90]. At present, the directions closest to 
clinical translation in DEP are lipid-enriched pathways, Y4 
receptor agonism, and GLP-1/glucagon receptor co-agonism 
(Fig. 2).

5.1 � Lipid‑Enriched Pathways

The pathways regulating glucose and lipid metabolism are 
closely intertwined. However, derangements of lipid metab-
olism in the context of DEP have been scarcely investigated 
to date. A 2017 COSMOS study was the first to investigate 
lipid metabolism specifically in individuals with PPDM 
[91]. It showed that when compared with individuals with 
normoglycemia after an attack of acute pancreatitis, indi-
viduals with PPDM had significantly higher fasting levels 
of triglycerides. This was independent of age, sex, BMI, 
and severity of acute pancreatitis. Similarly, circulating 
levels of glycerol—an important intermediate of glucose 
and lipid metabolism involved in the processes of glyco-
genesis and gluconeogenesis—were significantly elevated 
in individuals with PPDM. A subsequent COSMOS study 
demonstrated that glycerol was significantly directly asso-
ciated with β-hydroxybutyrate whereas triglycerides were 
inversely associated with acetoacetate, suggesting that keto-
sis is involved in PPDM [92]. At the same time, fasting insu-
lin and homeostatis model assessment of insulin resistance 
(HOMA-IR) were not associated with any marker of lipid 
metabolism in this population, suggesting that insulin resist-
ance is not a major driver of dyslipidemia in PPDM [91]. A 
2020 metabolomics study sought biomarkers in serum that 
distinguish DEP from type 2 diabetes [93]. Notably, of the 
5 identified biomarkers, 4 belonged to lipids. Another 2020 
study found that dyslipidemia is significantly associated with 
the presence of diabetes in patients with chronic pancreatitis 
[94]. A 2023 machine learning study of routinely collected 
hospital data identified low circulating levels of high-den-
sity lipoprotein cholesterol at the time of hospitalization for 
first attack of acute pancreatitis as a significant predictor of 
PPDM-A after hospital discharge [95].

Therapeutic implications of targeting lipid-enriched path-
ways in PPDM were empirically confirmed in a 2023 phar-
macoepidemiological study from the USA [96]. The use of 

statins (3-hydroxy-3-methyl-glutaryl-coenzyme A reductase 
inhibitor) in individuals (who had no pre-existing diabetes) 
after a first attack of acute pancreatitis was associated with a 
statistically significant reduction in the risk of PPDM among 
statin users during a median follow-up of 3.5 years in com-
parison with non-users. The risk reduction ranged between 
15% among irregular users and 42% among regular users. 
Notably, the study did not find a linear dose-response rela-
tionship, suggesting that a low dose of statin may suffice for 
the purpose of prevention of PPDM. It is worth acknowledg-
ing that the FDA added a safety warning to statin labels in 
2012 to call attention to the slightly increased risk of type 2 
diabetes in people receiving statins [97]. While future stud-
ies will unveil the exact mechanism underlying the benefi-
cial role of statins in PPDM, the differential effect of statins 
on PPDM versus type 2 diabetes reinforces the notion that 
PPDM has unique basic elements of the pathogenesis.

The other recently discovered way to therapeutically 
manipulate lipid-enriched pathways in individuals after 
acute pancreatitis is via ketogenesis. The CETUS rand-
omized controlled trial (as part of the COSMOS program) 
investigated the acute effects of oral ketone monoester on a 
range of metabolic parameters in individuals with new-onset 
prediabetes after acute pancreatitis. The ingestion of D-β-
hydroxybutyrate-(R)-1,3 butanediol led to markedly elevated 
circulating levels of β-hydroxybutyrate and resulted in sig-
nificantly reduced levels of triglycerides and glucose [98, 
99]. The pharmacological developments described above are 
well in line with the growing appreciation of intra-pancreatic 
fat deposition (as the local source of lipids in the pancreas), 
not merely general obesity, in diseases of the pancreas [100].

5.2 � Y4 Receptor Agonism

The pancreatic polypeptide (PP) family is one of the most 
phylogenetically conserved families of regulatory peptides. 
It comprises neuropeptide Y, peptide YY, and PP—all con-
sisting of 36 amino acids and found in different locations 
throughout the body. Of these, PP—secreted by the γ cells 
in the pancreas and preferentially bound to the Y4 receptor 
in humans—has long been hypothesized to play a role in the 
pathogenesis of DEP. In the 1970s, PP was suggested to be a 
biomarker of advanced chronic pancreatitis (and the diabetes 
that accompanies it). This was based on the observation that 
the number of γ cells was markedly increased in chronic pan-
creatitis and was attributed to the loss of β cells [101]. Also, 
PP was suggested to be a biomarker of pancreatic cancer 
(located in the proximal portion of the pancreas) because, 
while γ cells contribute less than 5% to the total pancreatic 
islet cell mass, γ cell rich regions were found in the unci-
nate process of the pancreas in which γ cells contribute to 
over 50% of the islet cell mass [102, 103]. Several human 
studies in the 1980s showed significantly reduced levels of 
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PP in individuals with chronic pancreatitis (many of whom 
also had PPDM) in comparison with healthy controls [104, 
105]. There has recently been a rekindled interest in this 
peptide, more specifically the use of PP response to a mixed 
meal as a biomarker of DEP. A 2022 study (48 individu-
als included) from China found no significant difference in 
terms of postprandial levels of PP between individuals with 
PPDM-C and type 2 diabetes [106]. Further, among indi-
viduals with chronic pancreatitis, those with normoglycemia 
had significantly lower levels of PP than individuals with 
PPDM. By contrast, a 2023 study (165 individuals) from 
the USA showed significantly lower fasting and postpran-
dial levels of PP in individuals with diabetes in the context 
of chronic pancreatitis in comparison with type 2 diabetes 
[107]. Similarly, individuals with PCRD had significantly 
lower postprandial levels of PP than individuals with type 2 
diabetes in a small pilot study [108].

Studies to date have predominantly investigated the Y1 
receptor (to which neuropeptide Y predominantly binds), 
which is known to promote inflammation in the gastrointes-
tinal tract. By contrast, the Y4 receptor that preferentially 
binds PP and therapeutic exploitation of its agonism in 
humans has received little attention. A 1988 study in patients 
who had undergone pancreatic resection for trauma showed 
that intravenous PP administration reversed the hepatic insu-
lin resistance in PP-deficient individuals in comparison with 
healthy volunteers [109]. A 1996 clamp study by the same 
group showed that intravenous PP administration reversed 
the hepatic insulin resistance and improved glycemic con-
trol in individuals with chronic pancreatitis in comparison 
with lean healthy volunteers [63]. A limitation of native PP 
as a potential therapeutic agent is its rapid degradation and 
short circulating half-life. However, this does not appear to 
be an insurmountable issue given that a DPP4-resistant PP 
analog was well tolerated by study participants in a Phase 
I trial [110].

5.3 � GLP‑1/Glucagon Receptor Co‑agonism

Containing the entire sequence of glucagon (as well as an 
octapeptide extension), oxyntomodulin is a homolog of this 
pancreatic hormone that is secreted in the distal gut and 
brainstem. The 2 hormones are a result of differential post-
translational processing of proglucagon by tissue-specific 
prohormone convertases. Oxyntomodulin has affinity for 
both the GLP-1 receptor and glucagon receptor, although 
lower in comparison with their cognate peptides. In the 
human pancreas, the GLP-1 receptor is expressed on both 
the islets of Langerhans and acinar cells, whereas the gluca-
gon receptor is expressed on the former only [111, 112]. 
A notable acute glucose-lowering (independent of weight 
reduction) effect of native oxyntomodulin in humans was 
first reported in 2018 [113]. Perhaps more importantly, that 

study debunked the earlier belief of worsening blood glu-
cose control following administration of oxyntomodulin due 
to the effect of the glucagon receptor activation. While the 
actions of native oxyntomodulin are believed to be evenly 
split between the glucagon receptor (and, hence, increased 
hepatic glucose production) and GLP-1 receptor (and, hence, 
augmented glucose-dependent insulin secretion), the optimal 
ratio of receptor activation from the glucose-lowering per-
spective is yet to be determined.

The first human study of oxyntomodulin specifically 
in the context of DEP was published in 2017 [114]. This 
COSMOS study of individuals after an attack of acute pan-
creatitis showed that fasting levels of oxyntomodulin were 
significantly lower in those with PPDM than those with nor-
moglycemia. The finding was consistent across all the sta-
tistical models, including the fully adjusted model account-
ing for sex, age, BMI, ethnicity, smoking, physical activity, 
etiology, time since first attack, severity, and recurrence of 
acute pancreatitis. At the same time, there was no significant 
difference between the groups in terms of fasting GLP-1 in 
any statistical model. Postprandial levels of oxyntomodu-
lin were then investigated in a 2019 COSMOS study [115]. 
Oxyntomodulin was significantly lower in individuals with 
PPDM than in healthy volunteers, irrespective of sex, age, 
and body fat composition. Postprandial levels of GLP-1 were 
not significantly different between the groups. A 2020 COS-
MOS study compared the levels of oxyntomodulin between 
individuals with PPDM and those with type 2 diabetes [116]. 
Both fasting and postprandial levels of oxyntomodulin were 
significantly lower in the former, irrespective of sex, age, 
body composition, and β cell function. By contrast, both 
fasting and postprandial levels of GLP-1 were significantly 
higher in individuals with type 2 diabetes. A 2022 COS-
MOS study investigated factors affecting fasting levels of 
oxyntomodulin in individuals after an attack of acute pan-
creatitis [117]. It found that oxyntomodulin was signifi-
cantly inversely associated with glycated hemoglobin (that 
explained 9% of the variance in oxyntomodulin) and directly 
associated with cholecystokinin (that explained 44% of the 
variance in oxyntomodulin). Given that cholecystokinin is a 
major exocrine pancreas secretagogue, the consistently low 
circulating levels of oxyntomodulin observed in individuals 
with PPDM may, in part, be indicative of exocrine pancre-
atic dysfunction. To date, several long-acting GLP-1/gluca-
gon receptor co-agonists have been studied in individuals 
with type 2 diabetes but none has progressed to Phase III 
trials as they have not been able to reach the efficacy bar set 
high by GLP-1 receptor mono-agonists (and, more recently, 
GLP-1/GIP receptor co-agonists). Based on the findings 
presented above, it is argued that, among people with DEP, 
GLP-1/glucagon receptor co-agonism may have the highest 
therapeutic potential specifically in individuals with PPDM. 
Clinical trials will be needed to establish the efficacy and 
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safety of such agents in DEP, especially given the uncertain 
but widely known GLP-1 receptor agonist safety problem 
described above.

6 � Conclusion

A large number of studies over the past 5 years or so has 
identified unique risk factors, natural history, and signa-
tures of DEP [38, 118–120]. These recent advances set the 
stage for progress in pharmacological management of DEP 
in the decades to come. The present therapeutic armamen-
tarium enables individualized treatment plans, in principle. 
However, the age-old dogma of insulin deficiency being the 
key underlying mechanism in all people with diabetes in 
the context of diseases of the exocrine pancreas needs to be 
abandoned to achieve this goal. One indicator of the current 
pharmacological management of DEP being suboptimal (or 
even harmful) and, hence, the need for the above-mentioned 
paradigm shift is a lower life expectancy in PPDM as com-
pared with either type 1 or type 2 diabetes [121]. In future, 
not far away, personalized risk-benefit potential of a specific 
drug in people with DEP will need to consider the presence 
of comorbidities, and also life expectancy (in particular, in 
individuals with pancreatic cancer). Non-glycemic beneficial 
effects of some of the newer therapies (e.g., cardiovascular 
benefits with GLP-1 agonists and SGLT-2 inhibitors, renal 
and heart failure benefits of SGLT-2 inhibitors) also need 
to be considered as part of this holistic approach. Research 
focused specifically on DEP is evolving and new therapies 
will likely emerge and become part of an individualized 
treatment regimen in the future.
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