
The pancreas has both exocrine and endocrine func-
tion, controlling digestion through secretion of digestive 
enzymes and through insulin and glucagon secretion, 
which control blood sugar levels1. Pancreatic diseases 
can be associated with disruption of these functions and 
include acute pancreatitis, chronic pancreatitis, diabetes 
mellitus and, to a lesser extent, pancreatic cancer (BOX 1).

Early detection of many diseases can lead to improved 
outcomes by providing opportunities for treatment 
and/or prevention of complications. One of the main 
challenges concerning early detection is the ability to 
identify patients at high risk of developing diseases dur-
ing an asymptomatic period in the pathology progres-
sion. For pancreatic cancer, this early diagnosis could 
lead to a better prognosis and, in the case of pancreatitis, 
efforts can be undertaken to withdraw offending agents 
such as alcohol, smoking and pancreatitis-inducing 
drugs (for example, azathioprine). Imaging has trans-
formed medicine since the first medical X‑ray radio
graphy in 1895, giving clinicians unprecedented ability 
to ‘see’ inside the body. Conventional diagnostic imag-
ing, such as endoscopy, CT scan, MRI, plain X‑ray radio
graphy, fluoroscopy, ultrasonography and endoscopic 
ultrasonography (EUS), have been used medically for 
diagnosis and treatment planning in a variety of patho
logies (BOX 2)2,3. Molecular imaging aims to use current 
imaging systems in combination with probes or tracers 
that bind to and enable detection of disease-specific 
molecules. As such, molecular imaging can be a com-
plementary approach to conventional diagnostic imag-
ing. Multimodal imaging systems such as single-photon 

emission computed tomography (SPECT)–CT, PET–CT 
and PET–MRI combine the best of both conventional 
diagnostic and molecular modalities, with the high res-
olution and high sensitivity of molecular imaging paired 
with anatomical or functional information of conven-
tional diagnostic imaging. In the following sections, 
we review current imaging technologies and discuss new 
technologies that hold the potential to transform clinical 
treatment and diagnosis of pancreatic diseases.

Imaging approaches
Conventional imaging
Currently, endoscopy, CT, MRI and ultrasonography 
form the core imaging methodologies for pancreatic 
diseases. Depending on the imaging modality used, the 
resulting images can reflect the anatomy, metabolism or 
molecular aspects of the tissue of interest (TABLE 1).

CT, MRI and ultrasonography are typically non
invasive imaging modalities that are widely available 
globally. For a thorough and complete discussion of the 
physics of medical imaging, we refer our readers to 
the textbook, The Essential Physics of Medical Imaging4. 
CT is a radiographic imaging system using X‑rays as an 
energy source. Images are the result of differences in 
tissue density (for example, high-density bone tissue 
versus low-density lung tissue), which correspond to 
differences in absorption and scatter (so‑called attenu-
ation) of the energy4. The signal in MRI derives from 
the use of strong electromagnetic fields and the inher-
ent magnetism of unpaired protons4. Owing to the large 
amounts of fluid (H2O) in the body, the 1H+ molecule 
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Abstract | Pancreatic diseases, chronic pancreatitis, pancreatic cancer and diabetes mellitus, 
taken together, occur in >10% of the world population. Pancreatic diseases, as with other 
diseases, benefit from early intervention and appropriate diagnosis. Although imaging 
technologies have given clinicians an unprecedented toolbox to aid in clinical decision-making, 
advances in these technologies and development of molecular-based diagnostic tools could 
enable physicians to identify diseases at an even earlier stage and, thereby, improve patient 
outcomes. In this Review, we discuss and identify gaps in the use of imaging techniques for the 
early detection and appropriate treatment stratification of various pancreatic diseases, including 
diabetes mellitus, acute and chronic pancreatitis and pancreatic cancer. Imaging techniques 
discussed are MRI, CT, PET and ultrasonography. Additionally, the identification of new molecular 
targets for imaging and the development of contrast agents that are able to give molecular 
information in noninvasive radionuclear imaging and ultrasonography are emerging areas of 
innovation that could lead to increased diagnostic accuracy and improved patient outcomes.
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is the most abundant proton present in the body and 
consequently can be used to provide contrast between 
tissues with various amounts of fluid content. In addi-
tion, magnetic resonance cholangiopancreatography 
(MRCP) is a type of MRI that uses a magnetic reso-
nance sequence sensitive to static fluid to generate high-
resolution images for the evaluation of the the biliary 
and pancreatic ductal system.

Ultrasonography uses high-frequency soundwaves 
as energy, and image generation relies on the intrinsic 
echo acoustic characteristics of the tissue examined4. 
Usually noninvasive, this technology is also used inva-
sively as EUS. Contrast-enhanced ultrasonography 
(CEUS) and contrast-enhanced endoscopic ultrasono
graphy (CE‑EUS) use intravenous contrast agents such 
as inert gas-filled microparticles, termed microbubbles, 
that are equal to or smaller than the size of a red blood 
cell, to improve visualization of the macrovascula-
ture and microvasculature during an ultrasonography 
assessment of organs. Use of the contrast agent provides 
information about vascular patterns that can assist in 

disease identification5. The contrast agent can be used 
in conjunction with transabdominal ultrasonography 
(often used for the evaluation of the liver) or can be 
combined with EUS, to provide high-resolution images 
for the evaluation of neoplastic or inflammatory lesions 
in the pancreas6. CEUS and CE‑EUS are widely used in 
Europe and Asia, but unfortunately contrast agents for 
ultrasonography have yet to be approved by the FDA 
for use in abdominal imaging in the USA7. CEUS and 
CE‑EUS are used in the evaluation of solid and cystic 
pancreatic lesions, as well as in chronic and acute 
pancreatitis. Typically, the enhancement pattern of a 
focal pancreatic lesion is compared with the adjacent 
healthy pancreatic tissue. Adenocarcinoma tends to be 
hypovascular and therefore hypoenhancing, whereas 
neuroendocrine tumours are hyperenhancing8. Other 
features that can distinguish lesions include the wash-
out period of the enhancing agent during arterial versus 
venous phases, location of vasculature within a lesion, 
rim-enhancement and cystic features9.

Endoscopic retrograde cholangiopancreatography 
(ERCP) requires endoscopy, cannulation of the entrance 
of the pancreatic duct with a small tube, injection of con-
trast reagent into the pancreatic duct and fluoroscopy of 
the contrast-induced images. Currently, ERCP is rarely 
used for diagnostic purposes, as it has been replaced by 
alternative imaging techniques such as EUS. Instead, 
ERCP is typically performed when treatment is required, 
such as placement of a stent in pancreatic duct strictures, 
and provides anatomical or structural information on 
the pancreatic ducts. Technological improvements to 
endoscopy have led to the development of confocal laser 
endomicroscopy (CLE), which enables the visualization 
of the ductal endothelial environment at a microscopic 
level in real time. Unfortunately, this promising tech-
nique has limited clinical utility to date because of its 
high cost and low availability10.

Molecular imaging
To augment conventional imaging, molecular imaging is 
crucial as it enables precise assessment among patients 
on the basis of molecular differences — not just struc-
tural or anatomical changes. For many diseases, detri-
mental molecular changes occur several years before the 
appearance of symptoms, a property that is especially 
true of diseases of the pancreas. A study based on exome 
sequencing analyses of resected pancreatic tumours 
estimated the timeline of molecular transitions from a 
benign to malignant state to be 20 years11. This timeframe 
is mirrored in the metabolic and molecular changes in 
patients with pancreatic disease, such as insulin resist-
ance, which precede symptomatic diabetes mellitus by 
10 years12. Given the early molecular changes in these 
patients, molecular imaging has the potential to provide 
a diagnosis of incipient disease among individuals with 
no obvious symptoms. Although molecular imaging is 
not feasible on a population-wide basis, patients who are 
subject to high genetic and environmental risk factors 
for disease or who have a positive serum test for a dis-
ease would be candidates for imaging. Much work has 
been done to identify circulating biomarkers of disease 

Key points

•	Pancreatic cancer is frequently diagnosed after the appearance of symptoms,  
which is too late for curable treatment

•	No blood test currently exists for chronic pancreatitis and the diagnosis can be 
difficult to make, even with current imaging technologies

•	Treating pancreatic disease at an early stage of the pathogenesis could lead to 
better prognosis

•	Currently used imaging techniques have various limitations, including difficulty in 
discriminating between benign and malignant conditions

•	Molecular imaging can augment conventional imaging modalities for the diagnosis 
of incipient pancreatic diseases

Box 1 | Key characteristics of pancreatic disease

Acute pancreatitis
•	Causes: acute inflammation of the pancreas that can be caused by drug toxicity 

including alcohol, obstruction (such as gallstones) and trauma

•	Symptoms: pain in the upper abdomen that can radiate through the back; nausea; 
vomiting

Chronic pancreatitis
•	Causes: alcohol use; genetic causes such as cystic fibrosis; high lipid levels; 

autoimmune conditions and idiopathic causes

•	Early-phase symptoms: recurrent episodes of pain; nausea; vomiting; transient 
weight loss

•	Late-phase symptoms: diabetes mellitus; malabsorption; weight loss

Pancreatic cancer
•	Causes: genetic predisposition in ~10% of cases; environmental risk factors include 

smoking, chronic inflammation of the pancreas from any cause and new-onset 
diabetes mellitus in adults without obesity

•	Symptoms: weight loss; jaundice; indigestion; nausea; vomiting; abdominal and back 
pain; loose stools and/or malabsorption

Diabetes mellitus
•	Causes: genetic predisposition; obesity; lack of physical activity; poor diet; underlying 

primary pancreatic diseases

•	Symptoms: frequent urination; increased thirst; increased hunger
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such as proteins13, long noncoding RNAs14, exosomes15 
and circulating tumour cells16. A diagnostic strategy 
encompassing these ‘liquid biopsy’ samples followed by 
molecular imaging should enable much earlier detection 
of disease than currently possible17.

Molecular imaging requires instruments with high 
sensitivity that are able to detect features in the micro-
molar or nanomolar range (TABLE 1). When considering 
clinical imaging at a molecular scale, the quantity of 
target molecule available per tissue surface unit, that 
is, the target density, must be taken into account, along 
with the requisite high sensitivity of detection by several 
of the noninvasive technologies available on the market. 

Imaging modalities such SPECT or PET are based on the 
detection of gamma emission or beta-positive emission, 
respectively, from radioisotopes that emit high-energy 
photons, such as the commonly used 99mTc, 111In and 
123I, for SPECT, or 18F, 64Cu and 89Zr, for PET. Targeted 
CEUS uses high-frequency sound waves in association 
with molecularly targeted microbubbles as a contrast 
agent18–20. Although targeted CEUS exhibits high sen-
sitivity, molecular targets are currently constrained 
to the vascular lumen as the microbubbles are unable to 
extravasate from the vessels into the interstitium owing 
to their large size. Optical imaging systems are also 
capable of screening at the nanomolar level of sensitiv-
ity21. Optical molecular imaging techniques commonly 
incorporate fluorescent dyes, quantum dots or gold 
nanoparticules conjugated to targeted carriers such as 
antibodies or peptides. High spatial resolution and real-
time imaging are features that give optical imaging value 
over nuclear imaging modalities; however, a major draw-
back for clinical application of the optical techniques 
originates from the low tissue-penetration capability, as 
fluorescent dyes can only be detected superficially (up to 
1 cm depth)22. This limitation prevents use of optical 
imaging when no direct access to the organ is available, 
as is the case in most clinical presentations. However, 
such techniques can be implemented to help surgeons 
during tumour resection procedures using fluores-
cent laparoscopy. Here, we review the latest and most 
promising disease imaging targets, probes and methods 
in molecular imaging of pancreatic diseases.

Imaging in pancreatic disease
Pancreatitis
Inflammation of the pancreas occurs when pancre-
atic digestive enzymes attack the pancreas itself23. The 
most frequent risk factors for pancreatitis are heavy 
alcohol use, cystic fibrosis, high lipid or calcium levels, 
obstruction of the pancreatic duct by gallstones or gall-
bladder sludge and autoimmune conditions (BOX 1)23. 
The aetiology in many cases of pancreatitis is unknown 
and deemed idiopathic pancreatitis. Pancreatitis can be 
acute, recurrent or chronic depending on the frequency 
of occurrence. The risk of gallstone-induced pancreatitis 
is >2% in patients who have an asymptomatic gallstone24. 
Frequently, acute pancreatitis symptoms reverse within 
a few days after administration of intravenous fluids 
and supportive care, whereas the chronic form gener-
ates irreversible damage and complications. Chronic 
pancreatitis is frequently caused by heavy alcohol use, 
although other causes exist, such as genetic disorders, 
cystic fibrosis or hereditary pancreatitis. The prevalence 
of chronic pancreatitis is difficult to define as long-term 
follow‑up of people with chronic alcohol issues is prob-
lematic25. However, studies performed in a population 
after autopsy suggest ~10% prevalence of occult dis-
ease26–28. Additionally, chronic pancreatitis is a risk fac-
tor for the development of pancreatic cancer29,30 and can 
at times appear similar to pancreatic adenocarcinoma 
(PDAC) lesions at imaging. As a result, discrimin
ation of an inflamed pancreas from the early stages of 
carcinogenesis is an ongoing challenge for clinicians31.

Box 2 | Imaging techniques glossary

CT
Imaging procedure that uses special X‑ray radiography equipment to create detailed 
pictures, or scans, of areas inside the body, also called computerized tomography and 
computerized axial tomography.

Confocal laser endomicroscopy (CLE)
Technique for obtaining real-time histology-like images from inside the human body.

Contrast-enhanced ultrasonography (CEUS)
Refers to use of intravenous contrast agents to improve visualization of the 
microvasculature and macrovasculature during an ultrasonographic assessment 
of organs.

Elastography
Imaging modality that maps the elastic properties of soft tissue.

Endoscopic retrograde cholangiopancreatography (ERCP)
Imaging procedure to visualize the pancreas or its ducts by X‑ray radiography following 
injection of a contrast medium into the ducts at surgery via an endoscope.

Endoscopic ultrasonography (EUS)
Imaging procedure in which endoscopy is coupled with ultrasonography to visualize 
the internal organs.

Endoscopy
Nonsurgical procedure used to examine the digestive tract.

Fluoroscopy
Real-time X‑ray radiolographic imaging that is especially useful for guiding diagnostic 
and interventional procedures.

Laparoscopy
Surgical intervention that uses a thin, lighted tube put through an incision in the belly 
to look at the abdominal organs.

Magnetic resonance cholangiopancreatography (MRCP)
A noninvasive imaging technique that uses MRI to obtain images of the biliary 
and pancreatic ducts.

MRI
Noninvasive imaging modality that uses a powerful magnetic field, radio frequency 
pulses and a computer to produce detailed pictures of organs, soft tissues, bone 
and virtually all other internal body structures.

PET
Imaging technique that uses a radioactive substance (beta+ photon, also called a positron) 
to look for disease in the body.

Single-photon emission computed tomography (SPECT)
Imaging technique that uses a radioactive substance (gamma photon) to look for 
disease in the body.

Ultrasonography
Imaging modality that uses high-frequency acoustic wave to image the body. Involves 
the use of a small transducer (probe) and ultrasound-conductive gel placed directly 
on the skin.
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Current imaging technologies for acute pancreatitis. 
According to the revised Atlanta classification, acute 
pancreatitis is diagnosed when two of the three follow
ing criteria are met: symptoms such as abdominal pain 
(often spreading to the back), high serum content of 
lipase or amylase and/or specific features on imaging 
scans such as gallstones or early duct disruption32,33. 
In the majority of cases, pancreatic imaging is not 
performed at the beginning of the diagnostic process 
unless complications are suspected. However, in a med-
ical emergency, ultrasonography is useful as it enables a 
quick initial examination of the abdominal region, and 
should be carried out as early in the disease course as 
possible. To determine the severity of the pancreatitis, 
morphological information is necessary and contrast-
enhanced CT is the modality most often used. The sen-
sitivity demonstrated by MRI or EUS, which provides 
detailed characterization of the pancreatic tissue and 
ducts, enables the categorization of acute pancreatitis 
into two groups: interstitial oedematous pancreati-
tis, in which the symptoms resolve within a week34, and 
necrotizing pancreatitis, which can be more severe35.

The decision to administer contrast agent in patients 
is always a matter of clinical judgement. Patients experi
encing acute renal failure, one of the most deadly com-
plications of acute pancreatitis36, or patients presenting 
iodinated contrast agent allergies are contraindicated 
according to the American College of Gastroenterology 
guideline37. CEUS has been used in the diagnostic 
evaluation of patients with pancreatitis; however, 
comparison of the enhancement pattern can be com-
plicated in these patients because the extent of the 
disease can preclude comparisons of normal adjacent 
tissue. In general, inflamed pancreatic tissue is hyper-
vascular compared with healthy pancreatic tissue, and 
areas of necrosis appear as nonenhancing38. CEUS can 
be particularly valuable in the evaluation of patients 
with acute pancreatitis who frequently have associated 
renal impairment, owing to the lack of toxicity of the 
microbubble-based contrast agents39. In such patients, 
contrast CT can be problematic owing to the renal tox-
icity resulting from the high osmolarity of iodinated 
products40. CEUS has the advantage of identifying 
necrosis and pseudocysts, and can be used in a serial 
fashion without radiation exposure or renal toxicity. 

One study compared 50 consecutive patients with acute 
pancreatitis diagnosed by CEUS versus standard CT 
scanning41. The sensitivity and specificity of CEUS in 
detecting severe acute pancreatitis was 91% and 100%, 
respectively, when compared to CT scanning. A statisti-
cally significant correlation was found between CT and 
CEUS severity index (r = 0.926), between the extent 
of necrosis in CT and CEUS (r = 0.893) and between 
CT and CEUS-determined Balthazar grade (r = 0.884), 
which is a five‑level scale based on pancreas appearance 
on the scan.

Current imaging technologies for chronic pancreatitis. 
Chronic pancreatitis is notoriously difficult to diagnose, 
as the disease can be patchy and mild. For instance, 
16 of 36 patients with alcoholism and no symptoms of 
pancreatitis showed postmortem evidence of chronic 
pancreatitis, including fibrosis, inflammation and loss 
of exocrine tissue42. Although testing for elevated serum 
lipase and amylase levels can be useful for the diagnosis 
of acute pancreatitis43, no applicable blood test currently 
exists for chronic pancreatitis, and consequently this 
disease is diagnosed mainly through imaging. Standard 
imaging of chronic pancreatitis using CT scans and 
MRI is insensitive for identification of the early stages of 
the disease44, as by the time changes in calcification and 
heterogeneity of the pancreas are detectable, the dis-
ease is already advanced. Conventional imaging for late 
disease can include CT or MRI scans. These scans can 
detect calcifications, ductal dilation and the enlargement 
or atrophy of the pancreas present in chronic pancreati-
tis45. MRI can detect parenchymal calcification, but this 
trait is better displayed on CT than on MRI. However, 
in comparison with CT, MRI yields increased resolution 
of intraductal calcifications, which can cause pancreatic 
duct obstruction45. The sensitivity and specificity of CT 
in detecting chronic pancreatitis is 74–90% and 85%, 
respectively; however, the accuracy of the imaging test 
usually has a positive correlation with the severity of 
the disease, with sensitivity increasing with severity42.  
MRCP with or without enhancement using secretin, 
which can be administered to stimulate fluid secretion 
from the main pancreatic duct, can assist in early dis-
ease diagnosis. MRCP enables high-resolution imaging 
of pancreatic ductal irregularities, and has the potential 

Table 1 | Imaging methods in pancreatic disease

Modality Spatial 
resolution

Parameters imaged Depth Acquisition time Cost per 
scan* (US$)

Clinical 
use

PET 1–2 mm Metabolism, immunology No limit Minutes or hours $1,000–$2,000 Yes

SPECT 1–2 mm Metabolism, immunology No limit Minutes or hours $1,000–$1,500 Yes

Ultrasonography <100 µm Structure, metabolism cm Seconds or minutes $200–$400 Yes

MRI <100 µm Structure, metabolism No limit Minutes or hours $800–$1,200 Yes

CT <100 µm Structure No limit Minutes $600–$800 Yes

FRI 1–3 mm Metabolism, immunology cm Seconds or minutes NA No

FMT 1 mm Metabolism, immunology 10 cm Seconds or minutes NA No

*Cost per scan can vary depending on the price of the contrast agent. FMT, fluorescence-mediated molecular tomography; 
FRI, fluorescence reflectance imaging; NA, not commercially-available; SPECT, single-photon emission CT.
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to evaluate the degree of pancreatic exocrine insuffi-
ciency46 as well as to detect the presence of pancreatic 
duct alteration47; however, as with other imaging tests, 
early disease can be missed.

ERCP is usually reserved for patients who require 
a surgical or endoscopic intervention, such as stent-
ing structured ducts or stone removal. ERCP offers an 
excellent view of the main pancreatic duct, as well as the 
side branches; however, a risk of developing pancreati-
tis exists with the procedure, the approach requires an 
invasive exam and the patient is subjected to radiation 
exposure. Consequently, ERCP is used almost exclu-
sively for therapeutic management of the pancreas in 
the setting of pancreatitis with ductal abnormalities or 
pancreatic cancer that requires intervention48.

Arguably, one of the best tests for diagnosing chronic 
pancreatitis is EUS, which provides evaluation of the 
pancreatic ducts and the parenchyma. Findings can 
include visible side-branches, cysts, lobularity, irregular 
ducts and stones49. EUS remains one of the most sen-
sitive methods for diagnosing chronic pancreatitis and 
EUS features in chronic pancreatitis have been codified 
into the Rosemont criteria for diagnosis50. CEUS has 

also been used for the diagnosis of chronic pancreati-
tis. Early in the course of chronic pancreatitis, the pan-
creatic parenchyma can appear normal or hyperechoic 
because of fatty infiltration and fibrosis51. With more 
advanced disease, heterogeneous enhancement with 
mixed areas of hyperechogenicity and hypoechogenicity 
within the same patient can be demonstrated with 
CEUS52. Other findings in chronic pancreatitis include 
irregular pancreatic contour, intraductal calcifications 
and pancreatic ductal dilatation.

One of the most promising new techniques for 
imaging chronic pancreatitis is EUS–elastography, 
which can distinguish rigidity or stiffness between 
tissues. The stiffness measurement of the tissues relies 
on sound-wave frequency variations transmitted by an 
echo–endoscopic probe and generates a colour map of 
the tissue, which enables qualitative analysis. The quoti
ent of a soft-tissue representative area to the biggest 
possible region of the lesion, also called the strain ratio, 
enables quantification53. According to clinical studies, 
EUS–elastography showed a diagnostic accuracy of 
100% sensitivity and 93% specificity when differenti-
ating pancreatic mass originating from inflammation 
or carcinogenesis53 (FIG. 1). The data from a cohort of 
191 patients, including 92 individuals who were diag-
nosed with chronic pancreatitis, were re‑examined and 
their strain ratios computed54. The comparison exhibited 
a strong correlation (r = 0.813, P <0.0001) and the accur
acy of EUS–elastography was 91%. EUS–elastography 
strain ratio has been compared with EUS–fine-needle-
aspiration, with the hypothesis that elastography could 
resolve the false-positives generated by solid pancreatic 
lesions55. However, the sensitivity of EUS–elastography 
by strain ratio was not superior to EUS–fine-needle-
aspiration for distinguishing cancer from inflammation. 
Overall, despite the additional information provided, 
opportunities remain for developing much-needed 
molecular-based diagnostic tools to identify potentially 
cancerous lesions associated with pancreatitis.

Pancreatic cystic lesions
Pancreatic cysts can be categorized into neoplastic and 
non-neoplastic cysts (BOX 3). Two studies, excluding 
patients with known pancreatic disease, reported a prev-
alence of pancreatic cysts of ~2.5% of adult outpatients 
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Figure 1 | Use of endoscopic ultrasonography in pancreatic lesions. Endoscopic 
ultrasound elastography images (left panels) result from the superimposition of tissue 
stiffness (colourmap) over traditional endoscopic ultrasonography images (right panels). 
a | Image obtained from a patient with a final diagnosis of adenocarcinoma. The strain 
ratio was 17.3. b | Image obtained from a patient with a final diagnosis of benign solid 
pancreatic lesions. The strain ratio was 2.1. Permission obtained from John Wiley and 
Sons © Kongkam, P.  et al. J. Gastroenterol. Hepatol. 30, 1683–1689 (2015).

Box 3 | The main pancreatic cysts and lesions

Non-neoplastic pancreatic cysts
•	Pseudocyst

•	Congenital cyst

•	Retention cyst

Neoplastic pancreatic cysts
•	Intraductal papillary mucinous neoplasm (IPMN)

•	Mucinous cystic neoplasm (MCN)

•	Serous cystic neoplasm (SCN)

•	Solid pseudopapillary neoplasm (SPN)

Other neoplastic lesion
•	Pancreatic intraepithelial lesion (PanIN)
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imaged for disease unrelated to the pancreas56,57. Most 
pancreatic cysts are considered benign, but some such 
as intraductal papillary mucinous neoplasm (IPMN), 
mucinous cystic neoplasm and solid pseudopapillary 
neoplasm can progress asymptomatically to malignancy. 
IPMNs are considered tumours of the pancreatic ducts; 
they are composed of proliferative papillary epithe-
lial cells and the production of mucin associated with 
tumorigenesis leads to cystic dilation58. IPMNs account 
for 21–33% of pancreatic cysts in Western patient popu
lations59 and have the potential to progress to invasive 
carcinoma60. Mucinous cystic neoplasms are also mucin
ous lesions, but in contrast to IPMNs, which are found in 
the pancreatic ducts, mucinous cystic neoplasms have no 
specific pancreatic location and account for 10–49% of 
the total pancreatic cysts found in the Westerm patient 
populations59. Solid pseudopapillary neoplasms are less 
common than IPMNs or mucinous cystic neoplasms 
and their morphology is a mixture of solid and fluid 
with haemorrhage59.

Current imaging technologies for pancreatic cysts. Cystic 
lesions of the pancreas are found incidentally on many 
imaging techniques of the abdomen, owing to a lack of 
symptoms. Many of these cysts are benign, but some have 
neoplastic potential, of which IPMNs are the most com-
mon. Differentiating which IPMNs require treatment, 
which would usually be surgical, can be a difficult task. 
CT and gadolinium-enhanced MRCP are the imaging 
modalities most commonly used for the diagnosis and 
surveillance of patients with suspected IPMNs. EUS 
shows remarkable capabilities for detecting smaller size 
lesions (<3 mm) that would be missed by conventional 
CT61, but can also over-detect what could be interpreted 
as nodules, which can lead to unnecessary surgery62. 
One of the largest studies to date that examined the role 
of CEUS in the diagnosis of pancreatic disease is the 
Pancreatic multicenter ultrasound study (PAMUS)63. 
CEUS was compared with the gold standard of pathology 
in 1,439 patients with pancreatic lesions. For solid lesions, 
the sensitivity and specificity for diagnosing pancreatic 
adenocarcinoma were both 88%. The sensitivity and 
specificity for diagnosing a neuroendocrine tumour were 
74% and 93%, respectively. For cystic lesions, the sensitiv-
ity for diagnosing a neoplasm was 78% and the specificity 
was 100%. Finally, the sensitivity and specificity for diag-
nosing a pseudocyst, defined as a dilated cavity resem-
bling a epithelial cyst but not lined with epithelium, were 
93% and 99%, respectively. The PAMUS study concluded 
that CEUS is accurate in the characterization of pancre-
atic lesions. In a separate study of 114 patients with cystic 
pancreatic lesions, CEUS was again found to have a high 
diagnostic sensitivity for pseudocysts (94%) but showed 
a lower specificity than the PAMUS study (77%)64. The 
differences in these two studies could be due to operator 
variability, populations studied and in the instrumenta-
tion calibration or instruments used — the discrepancy 
highlights the importance of standardizing imaging tech-
niques and consensus guidelines among imaging per-
sonnel. CEUS has also been compared favourably with 
MRI in the diagnosis of pancreatic cystic lesions; in one 
study of 33 patients with cystic lesions, the difference 
between the diagnostic accuracy of CEUS and MRI was 
not statistically significant in the identification of septa 
and nodules. Interobserver agreement had a kappa value 
of 0.86–0.94 (REF. 65) suggesting a near perfect agree-
ment between these two techniques for the identifi
cation of septa and nodules. Lastly, CE‑EUS has been 
helpful in distinguishing neoplastic cystic lesions from 
non-neoplastic lesions. In a study of 125 patients with 
cystic lesions of unclear neoplastic potential, CE‑EUS was 
combined with endoscopic-guided fine-needle aspiration 
to identify neoplasia. All 56 patients with suspected cystic 
neoplasia showed a contrast-enhancing effect associated 
with a visible wall, septae or nodule, whereas only four 
of 69 pseudocysts or nondysplastic cystic lesions had 
a contrast-enhancing effect. Endoscopic-guided fine-
needle aspiration could diagnose all premalignant and 
malignant lesions that were identified through CE‑EUS. 
The long-term follow‑up of the cohort without enhanc-
ing effect did not show any development of malignant 
cystic lesions66.

a Ultrasonography b Confocal microscopy
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Figure 2 | Use of molecular imaging in experimental pancreatic disease. In vivo 
ultrasonographic molecular imaging of a pancreatic tumour (in a transgenic mouse model 
of pancreatic adenocarcinoma (top)), chronic pancreatitis (induced in mice by 
subcutaneous injection of L‑arginine (middle)) and normal pancreas tissue (in wild-type 
mice (bottom)), with corresponding ex vivo immunofluorescence analysis20. a | Transverse 
ultrasonographic images obtained in contrast mode after intravenous injection of mouse 
Thy1‑targeted microbubbles (MBThy1) show strong imaging signal in pancreatic tumour and 
a low signal after injection of untargeted microbubbles (MBcontrol). Note low imaging signal 
after MBThy1 or MBcontrol in chronic pancreatitis and normal pancreas tissue. Colour-coded 
scale is shown for ultrasonographic molecular imaging signal in arbitrary units (a.u.). 
Green lines represent regions of interest. b | Tiled confocal micrographs of mouse Thy1 
expression. Antibodies for mouse Thy1 (red) and platelet endothelial cell adhesion 
molecule (CD31; green) show expression of mouse Thy1 on the tumour vasculature but no 
expression on the vasculature in chronic pancreatitis or in a normal pancreas. Permission 
obtained from Elsevier © Foygel, K. et al. Gastroenterology 145, 885–894.e3 (2013).
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Confocal laser endomicroscopy has also gener-
ated improvements in diagnostic accuracy, which was 
increased from 53% to 86% in a population that included 
patients with PDAC compared with patients with a 
normal common bile duct67. PET imaging using the 
tracer 18F-fluoro-2‑deoxyglucose (18F-FDG) was able to 
differentiate benign from malignant lesions with high 
sensitivity (97%) and specificity (91%) compared with 
conventional pooled CT and MRI data with 81% sen-
sitivity and 76% specificity, in a cohort of 467 eligible 
patients68. However, cancers co‑occurring with chronic 
pancreatitis would be missed as 18F-FDG is taken up 
by tumours as well as inflammatory cells69. Thus, PET 
tracers that are specific for cancer and malignant cysts 
are still needed: some examples of tracers currently 
under development will be highlighted in the emerging 
technologies section of this Review.

Precursor lesions and pancreatic cancer
Pancreatic intraepithelial neoplasms (PanINs) are the 
most common precursors of PDAC, the most common 
exocrine pancreatic cancer70. They are categorized on 
the basis of their morphology and genetic modification 
into the following: PanIN‑1A and PanIN-1B; PanIN‑2; 
and PanIN‑3 (this pancreatic progression model is dis-
cussed elsewhere70). The detection and surgical resec-
tion of PanIN‑3 lesions can potentially increase patient 
survival of pancreatic cancer, which has a 5‑year sur-
vival of only 6%, globally71. Unfortunately, delineation 
between more clinically benign PanIN‑1 and less benign 

PanIN‑3 lesions is difficult with conventional imaging 
techniques, and removing a PanIN‑1 lesion could lead 
to complications such as pancreatic leak that outweigh 
the cancer risk72. New imaging approaches are required 
for early detection of PanIN‑3s, as the number of deaths 
due to pancreatic cancer has surpassed those resulting 
from breast cancer, making pancreatic cancer the third 
deadliest cancer in the USA73. Alarmingly, owing to 
obesity and other factors such as smoking, genetics and 
chronic pancreatitis, the pancreatic cancer death rate 
will continue to increase and is projected to be ~63,000 
per year by 2030 in the USA74, meaning that pancreatic 
cancer will be the number two cause of death owing to 
cancer by 2020 (REF. 75). PDAC symptoms occur late in 
disease development and are often similar to other pan-
creatic diseases (BOX 1); therefore, pancreatic cancer is 
difficult to diagnose, with most patients (~80% in the 
USA) being diagnosed at late stages when the disease is 
surgically unresectable17. Techniques for the detection 
of incipient pancreatic cancer are urgently needed to 
increase survival in this patient population.

Current imaging technologies for pancreatic cancer. 
Detection of solid or cystic neoplasms usually involves 
CT, MRI or EUS. Abdominal CT is the most ubiquitous 
imaging test for detecting suspected pancreatic can-
cer but requires experienced radiologists to interpret 
images76. Sensitivity of CT for pancreatic cancer depends 
on the technique used to perform the CT scan, and is 
highest (89–97% detection when compared with histo-
pathology) with triple-phase or quadruple-phase, helical 
multidetector CT77,78. Not surprisingly, the sensitivity of 
CT is higher for larger tumours (100% sensitivity for 
tumours >2 cm) than smaller tumours (77% sensitiv
ity for tumours <2 cm)79. As pancreatic cancer can 
metastasize at sizes <1 cm80, detecting smaller lesions 
is of paramount importance. The typical CT appear-
ance of a pancreatic adenocarcinoma is an ill-defined 
hypoattenuating mass, although smaller cancers can 
also be isoattenuating, making their detection difficult. 
Small tumours, isoattenuating cancers and tumours that 
subtly narrow the ductal system can be better detected 
by MRCP and MRI compared with CT. However, 
contrast-enhanced MRI and MRCP could be used 
interchangeably with multidetector CT depending on 
local practice as these modalities showed equivalent 
capabilities in solid tumour staging81. One of the best 
methods for diagnosing suspected pancreatic cancer is 
EUS, which offers one of the most sensitive methods for 
detecting smaller cancers and provides an opportunity 
to obtain tissue for a diagnosis, but is not available at 
every centre. The sensitivity for EUS combined with 
endoscopic-guided fine-needle aspiration exceeds 90% 
for detecting pancreatic cancer82. Importantly, the EUS 
abnormalities found at the earliest stages of incipient 
pancreatic cancer, PanIN‑3, can be indistinguishable 
from chronic pancreatitis83 when using EUS for diag-
nosis. For diagnosis of PDAC, EUS aids in determining 
the extent of disease, especially if vessel involvement 
is present84. However, multidetector CT is required 
for full staging to determine whether local invasion 

Figure 3 | Molecular imaging in a mouse model of pancreatic cancer. In vivo 
imaging of Plec in orthotopic pancreatic adenocarcinoma (PDAC) in mice. A contrast 
reagent that interacts with Plec was used for noninvasive in vivo imaging. Thymus-lacking 
nude mice with orthotopically implanted tumours grown from L3.6pl cells were given 
injections of 111In-tPTP and imaged 4 h later via single-photon emission CT (SPECT) 
and CT. This approach showed that tetrameric plectin-targeted peptide accumulated 
in the PDAC, so the tumour could be imaged in the pancreas and peritoneal metastases. 
L, liver; lK, left kidney; M, peritoneal metastasis; MIP, maximum intensity projection; 
rK, right kidney; T, tumour. Permission obtained from Elsevier © Coté, G. A. et al. 
Gastroenterology 144, 1262–1271.e1 (2013).
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into adjacent structures or metastatic disease is pres-
ent85. To summarize, EUS and CT are complementary 
approaches for diagnosing and staging PDAC.

Molecular imaging of pancreatic cancer. The cellular 
composition of pancreatic cancers provides multi-
ple opportunities and targets for molecular imaging. 
Evaluating alterations in tumour vasculature has been 
of particular interest to imaging researchers. Vascular 
endothelial growth factor receptor 2 (VEGFR2) has 
a major function in tumour angiogenesis. VEGFR2 
is overexpressed on the neovasculature of pancreatic 
cancer86–95, as well as in other types of cancers. VEGFR2 
was detected in mouse adenocarcinoma vasculature 
using CEUS modality coupled with a contrast agent 
of VEGFR2-targeted microbubbles, supporting the 
feasibility of this approach for tumour detection in 
patients96. Subsequently, VEGFR2 expression was 
monitored by CEUS in mouse subcutaneous pancreatic 
cancer xenograft models97. The researchers extended 
their observations by using a genetically engineered 
mouse model of spontaneous PDAC development98. 
Together, these studies have underscored the poten-
tial for stratifying patients with tumorigenesis and 
VEGFR2 neovasculature from those who have ongoing 

inflammation with physiologically normal blood vessels 
that are VEGFR2 negative. In addition to VEGFR2 
imaging, investigators have begun to focus on Thy1, 
a membrane glycoprotein that was identified as a rele
vant target for incipient and early-stage pancreatic 
cancer20. Thy1‑targeted microbubbles provided highly 
sensitive and specific contrast-enhancement for 
molecular ultrasonography in the detection of sub
cutaneous and orthotopical PDAC tumours. In a trans-
genic pancreatic cancer mouse model, PDAC as small 
as 3 mm diameter could be detected reliably (FIG. 2)20.

The tumour microenvironment, or stroma, is of 
current interest to researchers because of its important 
role in carcinogenesis, progression and metastasis99; 
quantitative second-harmonic-generation microscopic 
analysis based on variations in a specimen’s ability to 
generate second-harmonic light from the incident 
light, demonstrated that desmoplastic collagen-rich 
PDAC stroma exhibits increased alignment, length and 
width of collagen fibres compared with physiologically 
normal and benign ducts in chronic pancreatitis100. 
The presence of such stromal differences in the tumour 
microenvironment offers molecular imaging research-
ers a plethora of potential targets. Insulin-like growth 
factor I (IGF1) is known to be expressed by both stro-
mal and tumour epithelial cells101. To target this expres-
sion, researchers developed IGF1-receptor-directed 
nanoparticles by conjugating recombinant human 
IGF1 antibody to magnetic iron oxide nanoparticles 
carrying anthracycline doxorubicin as chemotherapy102. 
The investigators successfully detected the orthotopic 
pancreatic xenograft tumours in mice using MRI and 
could therapeutically target the IGF1‑positive tumour 
stroma. Similarly, SPARC, another stromal target, has 
been exploited for early cancer imaging using peptide-
targeted nanoparticles that were elegantly discovered by 
phage display screening103. The SPARC-targeted tracer 
was evaluated in prostate cancer, but this technology 
could easily be transferred to pancreatic cancer given 
the presence of SPARC and its involvement in PDAC 
progression and metastasis104.

In the pursuit of targeting epithelial tumour cells, 
plectin, a scaffolding, cytoskeletal protein, raised con-
siderable interest in many types of cancer, including 
pancreatic cancer. The specific aberrant mislocali-
zation of plectin on the surface of PDAC epithelium 
contributes to its exquisite specificity for cancer and 
relevance as a molecular target105,106. In human histo
pathology analysis, 60% of PanIN‑3s stain positive 
for plectin compared with 0% in PanIN‑1 and 3.9% 
in PanIN‑2 stages. The detection of orthotopic PDAC 
and metastasis in nude mice lacking a thymus using 
111In-labelled tetrameric plectin-targeted peptide 
(111In-tPTP)107 (FIG. 3) opened the path for a phase 0 
clinical trial in humans that was completed in 2016108. 
Preliminary human data demonstrated that the agent 
was safe with no adverse events reported. In the three 
patients examined by ex vivo planar scintography, the 
agent had a target-to-background accumulation ratio of 
>2 indicating that it was able to penetrate the tumour 
stroma and bind to its target on the cancer epithelial 
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Figure 4 | PET imaging in experimental pancreatic cancer. a | Correlative imaging of 
orthotopically transplanted BxPC3 pancreatic tumour cells expressing a luciferase 
reporter gene. Bioluminescent optical imaging demonstrated the presence of tumours 
(T) in the area of surgical transplantation. b | MRI validated the observed tumour 
presence from bioluminescent optical imaging. c | The co-registration of 18F-FDG PET 
and CT (left panel) and planar sections of 18F-FDG PET only (right panel) displayed 
minimal tumour detection of the tracer with a high uptake in highly metabolic tissues: 
for instance, the heart (H). d | Acquired 89Zr‑5B1 PET image of the same mouse 
co‑registered with CT exhibited exceptional tumour detection of the xenografts of 
BxPC3 tumour cells expressing a luciferase reporter gene. B, bladder. This research was 
adapted from the Journal of Nuclear Medicine111. Viola-Villegas, N. T. et al. Applying PET 
to broaden the diagnostic utility of the clinically validated CA19.9 serum biomarker for 
oncology. J Nucl Med 2013; 54:1876–1882. © by the Society of Nuclear Medicine and 
Molecular Imaging, Inc.
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cells. However, kidney clearance was slow, preventing 
in vivo imaging of the tumour. An enhanced version 
designed for rapid kidney clearance is currently 
being engineered108.

Malignant cell transformation can lead to abnormal 
glycosylation. Sialyl Lewis antigen, also known as carbo-
hydrate antigen 19–9 (CA19‑9), is an epithelial leuko-
cyte adhesion molecule and its overexpression has been 
correlated to carcinogenesis109,110. Glycosylation, which 
is typically indicated in immune system response regu
lation, could be targeted to discriminate PDAC from 
chronic pancreatitis. An anti‑CA19‑9 human mono-
clonal antibody (mAb 5B1) conjugated to desferriox-
amine and radiolabelled with 89Zr (89Zr‑5B1) for PET 
imaging was evaluated in mouse PDAC models (FIG. 4) 
and showed promising results, outperforming 18F-FDG 
in the detection of orthotopically transplanted BxPC3 
pancreatic tumour cells expressing a luciferase reporter 
gene111. 89Zr‑5B1 was shown to be a potentially useful 

tool in the recognition of PDAC, as it enabled visualiza
tion of tumours in mice that were serum negative for 
CA19-9. The same team additionally modified mAb 
5B1 in a reproducible site-specific manner to be suit
able for dual modality detection, PET and near-infrared 
fluorescence (NIRF) imaging112. This dual modality 
technique enabled preoperative targeting of mAb 5B1 
to CA19‑9‑positive tumours with a 100% injected dose 
per gramme of tissue tracer uptake, 120 h post-injection 
in a BxPC3 xenograft mouse model. In addition, NIRF-
guided delineation of surgical margins during resection 
of pancreatic cancer has been successfully achieved in 
the same model112. Unfortunately, CA19-9 can yield 
false-positives as a patient serum cancer biomarker, 
which diminishes the relevance of its use in clinical set-
tings113. In a similar study, the overexpression of the bio-
marker carcinoembryonic antigen was targeted using a 
single chain antibody bearing NIRF dye in mice with 
BxPC3‑derived orthotopic pancreatic xenografts114. 
The investigators showed tumour-to‑background ratios 
as elevated as 5.1 ± 0.6 at 72 h post injection, which is 
suitable for intraoperative tumour delineation.

In addition to the use of antibody-based fluores-
cence to demarcate tumour lesions during surgical 
intervention, another method that involves activatable 
cell-penetrating peptides has been developed for in vivo 
labelling of cancer in nude mice with human cancer 
cell line xenografts115,116. This concept takes advantage 
of the protease upregulation observed in most solid 
tumours. The construct exhibits a cleavable sequence 
that separates a polycationic section from a polyanionic 
portion. The overall neutral charge prevents the uptake 
of molecules by the cancer cell until proteolysis occurs. 
Primary pancreatic tumours were accurately visualised 
by labelling with ratiometric activatable cell-penetrating 
peptides, conjugated to Cy5 and Cy7 fluorophores, 
in orthotopic mouse models of human pancreatic 
cancer117. The researchers observed lower recurrence 
rates in the fluorescence-guided surgery group than in 
the white-light reflectance surgery group (38% versus 
73%; P = 0.049).

All of these studies are early in clinical development 
and as such, whether any of these or future agents will 
truly change the prognosis of the disease remains to 
be determined. A successful agent would be one that 
has >90% specificity and sensitivity for cancer over 
benign disease. With the advent of the exploratory 
Investigational New Drug mechanism of experimental 
drug licencing available from the FDA, imaging clinical 
studies have become attainable and more affordable for 
academic investigators, increasing the likelihood of the 
translation of these agents.

Diabetes mellitus
Diabetes mellitus is classified as type 1, type 2 and 
type 3. Type 1 diabetes mellitus refers to the alteration of 
insulin secretion from pancreatic β cells, whereas type 2 
and type 3 diabetes mellitus refer to the resistance of 
insulin-sensitive organs to respond to insulin secretion. 
The cause of type 1 diabetes mellitus is unknown but 
genetic predisposition and autoimmunity have been 
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Figure 5 | Molecular imaging of experimental diabetes mellitus. a | A series of  
images taken using the Look-Locker method showing an axial slice through the mouse 
abdomen, with the pancreas outlined in red. After inversion at time 0, longitudinal 
magnetization returns to equilibrium with relaxation rate constant R1. The specific time 
after inversion (TI, in ms) is indicated below each image. b | Example pancreatic signal 
intensity versus time curves for a Tg− knockout (red points) mouse and Tg+ knockin 
(blue points) mouse on day 3 after cyclophosphamide injection. Each data point on the 
curves represents the normalized pancreatic signal intensity measured at one TI. 
Pancreatic R1 was calculated by applying a monoexponential recovery model to each 
curve. c | Pixel-wise R1 maps of the pancreas from Tg− (left panel) and Tg+ (right panel) 
mice on experimental day 3 overlain on high-resolution anatomic reference images.  
R1 is decreased in the Tg+ mouse at day 3 after cyclophosphamide injection. 
Permission obtained from American Diabetes Association © Antkowiak, P. F. et al. 
Diabetes 62, 44–48 (2013).
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implicated118. The risk factors for developing type 2 
diabetes mellitus are mainly lifestyle related (such as 
diet and activity levels) and account for 90% of all dia-
betes mellitus cases119. Type 3 diabetes mellitus is caused 
by primary diseases of the pancreas, such as pancre-
atic cancer, pancreatitis or cystic fibrosis. Additionally, 
Alzheimer disease has been classified as type 3 diabetes 
mellitus as it results from a brain insuloresistance120. 
In 2012, ~422 million people had diabetes mellitus 
(types 1–3) worldwide. This number is predicted to rise 
to 642 million people by the year 2040 (REF. 121).

Currently, diabetes mellitus is usually diagnosed by 
blood tests that measure glucose tolerance or abnor-
mal glycosylation of haemoglobin (termed HbA1c)122. 
Determining the type of diabetes mellitus present can 
involve testing for autoantibodies, measuring exocrine 
pancreatic insufficiency and pancreatic imaging.

Molecular imaging of diabetes mellitus. A challenge 
in diabetes mellitus is the ability to assess the function 
and mass of pancreatic insulin-producing β cells. This 
difficulty occurs because of the small proportion of 
β cells constituting the pancreatic islets of Langerhans, 
representing ~2% of the total islet mass123; thus, high 
sensitivity and spatial resolution tools are required to 
enable their detection.

β cells are responsible for secretion of insulin, a hor-
mone that regulates glucose uptake in cells. Glucagon-
like peptide 1 (GLP1), a 30‑amino-acid peptide of the 
incretin family, increases secretion of insulin through 
activation of a GLP1 receptor (GLP1R) expressed on 
the β cell surface. GLP1 analogues have been used in 
the treatment of type 2 diabetes mellitus for decades124 
and this peptide has now also raised interest in the 
molecular imaging field. Several GLP1 analogues, such 
as exendin, have been chemically modified to gener
ate contrast agents suitable for fluorescence imag-
ing125, SPECT126,127 or PET detection128,129. A bimodal 
PET–fluorescence agent for imaging GLP1 expression 
has demonstrated encouraging preclinical results130; 
64Cu‑E4‑Fl, a probe consisting of the GLP1R targeting 
peptide exendin‑4 conjugated to a 64Cu radiolabel and a 
near-infrared fluorescent dye, has been shown to deline
ate GLP1 receptor expression in insulinoma pancreatic 
endocrine tumours and pancreatic β‑cell mass with 
high resolution. The synthesis and evaluation of similar 
bimodal PET–fluorescence GLP1R‑targeted probes has 
also been reported and exhibited encouraging results 
as it enabled visualization of xenograft tumours with a 
diameter <2 mm with PET131.

β cells are also capable of incorporation of diva-
lent cations in response to glucose stimulation132. This 
phenomenon has produced promising results in MRI. 
The contrast obtained by the longitudinal relaxation 
time (T1)-shortening of Mn2+ ions can efficiently differ-
entiate diabetic from nondiabetic mice: a 50% increase in 
the normalized pancreas signal after glucose stimulation 
in nondiabetic mice was observed133. Using this Mn2+-
enhanced MRI, the same team were also able to meas-
ure gradations in β‑cell mass during disease progression 
in a nonobese type 1 diabetes mellitus BDC2.5 T‑cell 

Figure 6 | Conceptual view of pancreatic disease imaging. Conventional imaging 
techniques such as contrast-enhanced ultrasonography (CEUS), MRI, CT, PET–CT, 
magnetic resonance cholangiopancreatography (MRCP) and endoscopic retrograde 
cholangiopancreatography (ERCP) are currently available for clinicians to aid in the 
diagnosis of pancreatic diseases. Molecular imaging holds considerable promise to 
enhance clinical decision-making and could augment current imaging approaches. 
Disease-specific targets such as plectin, integrin αVβ6, mesothelin or CA19‑9 could give 
clinicians valuable molecular information that might enable earlier detection or more 
accurate staging of disease. Permission for CEUS image obtained from Ivyspring 
© Recaldini, C. et al. Int. J. Med. Sci. 9, 203–208 (2008). MRI image adapted from 
Chryssou, E. G. et al. BMC Gastroenterol. 14, 3:4 (2003), with kind permission from 
Springer Science+Business Media B.V. Permission for PET–CT image obtained from 
Journal of the Pancreas © Nguyen, V. X. et al. JOP 12, 557–566 (2011). CT image modified 
from Wikimedia Commons/Hellerhoff under the Creative Commons Attribution-
ShareAlike 3.0 Unported licence. To view a copy of this licence, visit https://
creativecommons.org/licenses/by-sa/3.0/. MRCP image modified from: I. Sansoni, R. 
Iannaccone, R. Alcetta et al. (2000) Pancreas Divisum: an occasional finding. EURORAD. 
DOI: 10.1594/EURORAD/CASE.721. Permission for ERCP image obtained from 
American College of Gastroenterology © Domagk, D. et al. Am. J. Gastroenterol. 99, 
1684–1689 (2004).
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receptor transgenic mouse model after injection cyclo-
phosphamide134 (an alkylating cytotoxic drug known 
to deplete regulatory T cells135) (FIG. 5). Within a week 
of the pathogenesis after cyclophosphamide injection, 
the investigators observed a day‑to‑day discriminative 
decrease of proton relaxation rate measured by MRI 
in transgene-positive mice compared with transgene-
negative mice. In addition, the presence of free Zn2+ ions, 
co-released in the extracellular compartment during 
insulin exocytosis, has been reported as an MRI target136. 
Zn2+ ions can be detected in T1‑weighted MRI by use 
of a gadolinium-based Zn2+ sensor, GdDOTA-diBPEN. 
This contrast agent was sensitive enough to detect an 
increase in Zn2+ concentration reflecting neogenesis of 
β cells that occurred over 12 weeks of high-fat diet and 
observed in the progression of type 2 diabetes mellitus.

Conclusions
Diseases of the pancreas have been difficult to diagnose 
at early stages, and distinguishing chronic inflammatory 
changes of the pancreas from neoplastic change has been 
a challenge. Established imaging modalities such as MRI, 
CT, EUS, SPECT and PET are being optimized regarding 
data acquisition and scan analysis. In the laboratory, great 
effort has been made to improve the diagnostic accuracy 
of pancreatic disease by molecular discrimination using 
highly pathology-specific biomarkers. The path leading 
from encouraging preclinical outcomes to bedside appli-
cations is not always easy. However, through an exploit
ation of the molecular events that underlie these distinct 
diseases, emerging imaging technologies could provide 
valuable diagnostic tools for the clinician to augment 
already existing conventional imaging modalities (FIG. 6).
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