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stract
Pancreatic ductal adenocarcinoma (PDAC) is one of the most lethal malignancies and is
developing into the 2 leading cause of cancer-related death. Often, the clinical and
radiological presentation of PDAC may be mirrored by other inflammatory pancreatic
masses, such as autoimmune pancreatitis (AIP) and mass-forming chronic pancreatitis
(MFCP), making its diagnosis challenging. Differentiating AIP and MFCP from PDAC
is vital due to significant therapeutic and prognostic implications. Current diagnostic
criteria and tools allow the precise differentiation of benign from malignant masses;
however, the diagnostic accuracy is imperfect. Major pancreatic resections have been
performed in AIP cases under initial suspicion of PDAC after a diagnostic approach
failed to provide an accurate diagnosis. It is not unusual that after a thorough
diagnostic evaluation, the clinician is confronted with a pancreatic mass with uncertain
diagnosis. In those cases, a re-evaluation must be entertained, preferably by an
experienced multispecialty team including radiologists, pathologists,
gastroenterologists, and surgeons, looking for disease-specific clinical, imaging, and
histological hallmarks or collateral evidence that could favor a specific diagnosis. Our
aim is to describe current diagnostic limitations that hinder our ability to reach an
accurate diagnosis among AIP, PDAC, and MFCP and to highlight those disease-
specific clinical, radiological, serological, and histological characteristics that could
support the presence of any of these three disorders when facing a pancreatic mass with

uncertain diagnosis after an initial diagnostic approach has been unsuccessful.
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Core Tip: This article describes the flaws and hurdles of current diagnostic tools as well
as disease ﬁeciﬁc imaging, serological and histological characteristics that play a
significant role in the differentiation of focal autoimmune pancreatitis, mass-forming

chronic pancreatitis and pancreatic ductal adenocarcinoma.

&\JTRODUCTION

Pancreatic ductal adenocarcinoma (PDAC) is one of the most lethal malignancies; its
incidence almost matches its fatality rate and continues to increase. PDAC is on track to
becoming the 2"“]eading cause of cancer-related death. It affects both sexes equally, and
its 5-year survival rate is less than 10%I!}2l. Although novel chemotherapy schemes
increase its prognosis, surgery seems to be the only treatment that offers better survival
ratesl*3], Such a dismal picture prompts an accurate and early diagnosis of PDAC that
may offer better outcomes.

In most cases, the diagnosis of PDAC offers no difficulty; however, different nign
conditions, such as inflammatory masses [chronic pancreatitis (CP) and autoimmune
pancreatitis (AIP)] as well as other malignant conditions with different treatments and
prognoses (e.g., metastases, islet cell tumors, complex cystic lesions, pancreatoblastoma,
pancreatic lymphoma, efc.) often resemble its clinical, biochemical, and imaging
appearance, posing a diagnostic challengel®l.

The most common inflammatory conditions that present as a pancreatic mass include
mass-forming CP (MFCP), which accounts for 10%-30% of all cases of CP, and focal
AIP, which is a variant of the classic diffusely enlarged pancreas that has been widely
described. Focal AIP accounts for 28%-41% of all AIP casesl78l.

The ability to differentiate among these masses (PDAC, MFCP, and AIP) remains a
challenge, as most of the time the clinical picture is confusing, and gross imaging
features seem to be similar, which hinders accurate diagnosis and may result in
unnecessary surgery regardless of their benign or malignant nature.

Differential diagnosis requires considerable expertise and the use of a myriad of

diagnostic tools that include computed tomography (CT), which remains the most
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available and cost-effective technique to evaluate the pancreas. However, considering
that up to 5% to 10% of all pancreatic neoplasms present a contrast enhancement
pattern similar to the rest of the pancreatic parenchyma and that its diagnostic accuracy
for small lesions decreases significantly, the use of other imaging techniques is often
necessary.

Magnetic resonance imaging (MRI) offers a more accurate evaluation of the
pancreatic parenchyma; it is able to visualize up to 5% to 10% of the issoatenuated
pancreatic masses seen in CT scans, and is capable of revealing lesions smaller than 2
cm in sizel9l.

Endoscopic ultrasound (EUS) is another valuable tool; it provides high-resolution
images of the pancreas, nearby organs, and vascularity and is capable of detecting small
lesions and providing information on potential vascular and adjacent organ
involvement. A significant drawback is that it remains operator-dependent, which
accounts for its variable diagnostic accuracy.

The advent of new techniques such as dynamic MRI, which calculates and evaluates
perfusion parameters, may increase the diagnostic yield and provide relevant
information regarding chemosensitivity to standard and antiangiogenic therapies for
PDAC. Perfusion CT, dual-energy CT, and MRI elastography diagnostic performances
are encouraging. Pending further research, they seem to produce relevant information
that would improve our current capacities to differentiate distinct malignant and
benign pancreatic masses/!l.

In addition to the former imaging techniques, serologic markers, histologic
examination, and in some cases, therapeutic trials (e.g., steroid trial for presumed AIP)
can and have been entertained.

Although international consensuses and criteria on the definition, diagnosis, and
treatment of AIP and CP have been developed and disease-specific characteristics and
available diagnostic tools usually allow precise differentiation of AIP, CP, and PDAC or
at least differentiation of a benign lesion from a malignant lesion, their diagnostic

accuracy is imperfect. In a significant number of cases, regardless of a multidisciplinary
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approach involving access to high notch technology and clinical expertise, an accurate
diagnosis of a pancreatic mass remains elusive, and major pancreatic resections in
benign conditions such as AIP are still being performed. Some surgical series have
reported that focal AIP has been diagnosed in up to 2% of surgical specimens from
patients who underwent surgery for presumed PDAC.

Some groups advise that any resectable pancreatic mass should undergo surgery
even if a thorough diagnostic evaluation has failed to prove the presence of malignancy.
It should not be overlooked that although pancreatic surgery mortality rates in expert
hands range from 1%-2%, comorbidity rates, especially those related to a Whipple
procedure, are considerable (40 %-50%).

Every effort leading to a prompt and accurate diagnosis to avoid surgical delays of a
resectable PDAC that can rapidly become nonresectable as well as efforts to avoid

unnecessary surgery and its related complications should be considered!*3].

DIAGNOSTIC TOOLS-CLASSIC CHARACTERISTICS AND FLAWS

Pancreatic cancer

PDAC's clinical picture consisting of abdominal pain, jaundice, weight loss, efc., is
usually shared by AIP and MFCP among other conditions, and although diagnostic
suspicion could increase based on imaging and serum characteristics, these are not
exclusive to PDAC, and pathology confirmation remains mandatory.

Carbohydrate antigen 19-9 antigen

Serum carbohydrate antigen 19-9 (Ca 19-9) sensitivity is low. Increased levels (> 37
U/mL) are not exclusive to pancreatic cancer, and they may occur in biliary and other
gastrointestinal carcinomas (i.e., neurgendocrine tumors of the pancreas,
cholangiocarcinoma, or hepatocarcinoma). Expert guidelines do not recommend it as a
screening tool for pancreatic cancer, but it is helpful in patient’s follow-up and, in some
cases, in the selection of potential surgical candidates with an otherwise resectable

appearing massl10l.
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Ca 19-9 serum levels may increase in benign conditions such as acute and CP, liver
cirrhosis, cholangitis, and cholelithiasis'll. Up to 27% of focal AIP cases mimicking
PDAC present with increased levels of Ca 19-9, but usually in numbers < 100 U/mL. Ca
19-9 is not a sensitive or a specific method that could help to distinguish malignant from

benign processesl!2l.

Abdominal US

The role of conventional surface US seems to be limited to the initial evalyation of
jaundice. It may identify features suggestive of pancreatic cancer, such as the presence
of a hypoechogenic mass in the pancreatic head and dilation of the pancreatic and
biliary ducts. However, an accurate and complete assessment of the pancreas,
specifically the body and tail, is frequently limited due to the interposition of intestinal
loops and gas. The sensitivity and accuracy of abdominal US to assess the pancreas
depends on the operator's experience, the patient’s body constitution and the location
and burden of the disease. Its diagnostic accuracy ranges between 50% and 90% for

detecting pancreatic cancer(3l.

CT

Contrast-enhanced CT (CECT) has 90% sensitivity, 87% specificity, and 89% accuracy in
diagnosing pancreatic cancer and is considered the best method to evaluate the
pancreas and pancreatic masses. Its main limitation is its low sensitivity for early lesions
and tumors smaller than 2 cm('l since they usually appear isoattenuating in relation to
the surrounding pancreatic parenchymal'516l.

PDAC usually presents as a poorly defined and spiculated hypoattenuating mass
with distal atrophy of the gland. After contrast media administration, it persists as a
hypoattenuating mass with respect to the rest of the parenchyma, but in late stages, it
shows heterogeneous peripheral enhancement, although atypical forms of AIP and

MFCP may share the same characteristics!17].
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As will be discussed later, specific and some subtle changes in structure and contrast

dynamics may help in the differential.

Magnetic resonance

Some studies consider MRI a superior test compared to CT in characterizing pancreatic
masses!'®l and delineating the pancreatic ductal system. MRI has become the diagnostic
alternative to endoscopic pancreatic cholangiopancreatography. The sensitivity,
specificity, and accuracy of MRI for diagnosing pancreatic cancer have been reported to
be 93%, 89%, and 90%, respectivelyl1%.20],

PDAC and MFCP appear hypointense on fat-suppressed T1 sequencesl?!l, whereas
they have a variable appearance on T2-weighted images (Figure 1)[?], as well as on
diffusion-weighted images (DWI)[23]. For example, on the diffusion sequence, pancreatic
masses show increased signal intensity relative to the normal pancreatic parenchyma
and appear hypointense on the apparent diffusion coefficient (ADC)24l. However, DWI
may not be able to conclusively discriminate an inflammatory mass from a neoplastic
solid lesion, as both present similar values in this modality{2+2,

When PDAC appears isointense, I can show indirect signs that suggest
malignancy, such as gland atrophy and dilatation of the main pancreatic duct (usually >
4 mm)2%1. In contrast, in MFCP, the pancreatic duct is dilated to a lesser degree and
usually coexists with lengthy and irregular ductal stenosis. In PDAC, duct dilation is
uniform, comprising the total length of the upstream duct, and the d stenoses are
associated or next to the mass (this can also be seen on CECT)282°l. Widening of the
space between the pancreas, common bile duct (CBD), and duodenal lumen is another
sign that is frequently observed in MFCP and not in PDACI?],

All these characteristics can be observed in atypical forms of AIP and MFCP, making
the distinction among them based on noncontrast MRI difficult. Reports on the
differentiating capacity of dynamic contrast-enhanced MRI have reported high

sensitivity, specificity, and diagnostic accuracy rates[30l.
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EUS
Since the diagnostic gold standard of PDAC, MFCP, and AIP is histology, EUS has

become a valuable tool in the evaluation of pancreatic masses. EUS provides high-
resolution images and allows us to obtain a tissue sample. Compared to abdominal US,
CECT, and positron emission tomography (PET/CT) in the recognition of early
pancreatic tumors, early-stage CP (Figure 2), loco-regional staging of PDAC, and
deciding the best site for biopsy, EUS has a better performancel3!32l.

For the detection of lesions smaller than 3 cm, EUS has a diagnostic sensitivity of 99%
compared to 55% for CECT. It also has a high negative predictive value for ruling out
pancreatic cancer!32].

EUS elastography and contrast-enhanced endoscopic US, although still not widely
available, are rapidly growing techniques that have been demonstrated to be able to
characterize and differentiate pancreatic masses based on their stiffness and
sonographic contrast dynamics, with promising results and ongoing research and
development33l.

Considering all these caveats of imaging techniques, histology still stands as the
diagnostic gold standard of pancreatic masses. EUS-guided biopsy has become the
method of choice for obtaining pancreatic tissue, with 90% sensitivity and 96%
specificity, a complication rate less than 0.8% and a reduced risk of seeding and
dissemination/34l.

However, its diagnostic yield depends on the quality of the sample, the selected site
of puncture, and the interpretation of the resultsi3ll. A 15% to 59% rate of inconclusive
diagnoses resulting from the initial EUS-FNA has been reported(35-38l.

Repeated EUS biopsy is an accepted strategy in patients with a suspicious pancreatic
mass and inconclusive diagnosis after a first diagnostic approach that included a
biopsy. The cumulative yield after repeat EUS-FNA for definite PDAC has been
reported to be approximately 16% 7L

The atypical neoplastic glands of PDAC are usually embedded in a dense stroma

(desmoplastic tumors). Biopsy’s limited diagnostic yield can be explained by PDAC's

9/49




associated desmoplastic reaction, which increases the chance of obtaining fibrotic tissue
instead of cancer cells; since AIP and MFCP are rich in fibrotic tissue and inflammatory
infiltrate, their presence does not rule out malignancy or confirm a benign
inflammatory massl4041l. Other factors that may affect the diagnostic accuracy of EUS-
guided biopsies include operator- and technique-related factors and extent of tumor
Necrosis.

Since a negative biopsy does not confidently rule out malignancy, if clinical suspicion
is high enough, a biopsy should be repeated or if the mass is potentially resectable,

surgery must be entertained.

CHRONIC PANCREATITIS

CP is a pathologic fibro-inflammatory syndrome of the pancreas in individuals with
genetic, environmental, and/or other risk factors who develop persistent pathologic
responses to parenchymal injury or stressl*2l.

Common features of established and advanced CP include pancreatic atrophy,
fibrosis, pain syndromes, duct distortion, calcifications, pancreatic exocrine
dysfunction, pancreatic endocrine dysfunction, and dysplasial®43]; up to 10% to 30% of
cases may present as MFCPI#1,

The incidence of PDAC is much higher than that in the general population (several
genetic risk factors have been ribed as well as modifiable and nonmodifiable host
factors), with almost 2% to 4%C§;atients with CP developing PDAC within ten years
or more of diagnosis. The presence of a pancreatic mass in patients with CP represents a
diagnostic challenge, with significant therapeutic and prognostic implications/45545].

Discerning between PDCA and MFCP solely on clinical grounds is challenging; both
may present as a pancreatic mass with recurrent abdominal pain, jaundice, weight loss,

and pancreatic insufficiencies (exocrine and/or endocrine)[sl.

Abdominal ultrasound
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Abdominal US does not discern among pancreatic cancer, AIP, and MFCP since all 3
m isplay similar imaging characteristics. Despite AIP having specific features such
as diffuse enlargement of the pancreas, decreased echogenicity, and narrowing of the
pancreatic duct due to compression of the affected parenchyma, the aforementioned
technical limitations of abdominal US play a significant role in decreasing its diagnostic
yield, especially in focal and atypical forms of AIPI4],

On the other hand, if intraparenchymal calcifications, heterogenicity with
hyperechogenicity of the parenchyma, dilatation of the main pancreatic duct, and
irregularity of the pancreatic contour can be identified, MFCP is to be suspected.
However, some studies have reported that parenchymal calcifications can occur in other
pancreatic disorders, such as intraductal papillary mucinous neoplasms (IPMN), with a
20% reported incidence. The calcification pattern in IPMN is indistinguishable from that
in CP; calcifications can be found in the pancreatic duct, parenchyma, or diffusely
scattered throughout the gland. Punctate calcification was the most common pattern
(87 %), followed by coarse calcification (33%).

Abdominal US has 67 % sensitivity and 90% specificity for the diagnosis of established
CPI471.

CECT

Contrast-enhanced imaging may discriminate among the different etiologies of a
pancreatic mass/¥l. A mass related to MFCP and AIP exhibits homogeneous
enhancement similar to the rest of the pancreatic parenchyma, with the opposite
occurring in PDAC, which shows poor enhancement in all phases along with poorly
delimited marginsl®]. These features can be secondary to a marked desmoplastic
reaction, low vascularity, and the presence of necrosis and mucin in PDACHSL.
Unfortunately, in advanced stages of CP, MFCP pancreatic parenchyma presents
significant fibrosis that modifies the enhancement pattern, especially during the arterial

phase, although in some cases, the venous phase is preserved and may help in
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distinguishing MFCP from PDAC. For the diagnosis of CP, CECT has 75% sensitivity
and 91% specificityl4],

Endoscopic retrograde cholangiopancreatography
Once considered the gold standard for assessing the pancreatic duct, EUS has been
replaced by magnetic resonance cholangiopancreatography (MRCP) and EUSI%, and its

current role is almost exclusively therapeutic.

Histology

Histologic examination is paramount when facing pancreatic masses. CP exhibits a
fibrotic pattern that may resemble the one observed in PDAC-related desmoplasia; thus,
the presence of chronic inflammatory infiltrate in pancreatic tissue does not rule out
PDAC.

Biopsies may not always add to the differential between AIP and CP since the latter
might also show lymphocytic and plasma cell infiltrate, as well as macrophage infiltrate
and areas of interlobular fibrosis extending into the ductal structures that are also
observed in type 1 and 2 AIP.

In CP, acinar and islet cells are usually spliced by fibrous tissue, and the ducts may
contain protein plugs that can become calcified. Nevertheless, these features are often
seen in elderly patients without CP, especially in those with diabetes mellitus/51l.

Repeated biopsy should always be entertained as it improves the diagnostic yield.
Mitchell et alP’ demonstrated that repeat FNA yields an altered diagnosis in 71% of
patients. This is similar to other studies that showed that a second EUS-FNA alters the
initial diagnosis in up to 63% to 82% of casesl36-3852],

AUTOIMMUNE PANCREATITIS

AIP is classified into type 1 and 2 AIP that may present as an acute or chronic form.
Type 1 AIP is a manifestation of systemic IgG4-related disease (IgG4-RD), a systemic
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condition that can affect almost every organ but has a predilection for the pancreas and
biliary tract(5354,

Both types of AIP_can mimic PDAC both in imaging appearance and clinical
presentation. AIP can present with painless obstructive jaundice in up to 70% of cases as
well as with abdominal pain and weight loss in up to 30%!5.

In late stages, if left untreated or if treatment is delayed, AIP can result in CP and
present with exocrine pancreatic insufficiency and diabetes mellitus. Thus, MFCP can
either be a primary disorder or a complication of AIPI33557],

Criteria for diagnosis are based on imaging, serological, histological, and therapeutic
response parameters[58].

International Consensus Diagnostic Criteria (ICDC) for type 1 and 2 AIP consider

th typical and atypical presentations. The ICDC diagnostic yield for type 1 is high,
with a reported sensitivity of 89%-95%, specificity of 100%, and accuracy of 94%. Biopsy
is seldom needed since serum and imaging characteristics along with other organ
involvement frequently provide enough diagnostic evidence.

Atypical forms of IgG4-related pancreatitis as well as type 2 AIP might require tissue
acquisition. In both, but especially in type 2 AIP, collateral information from serum and
other organ involvement is missing in most cases (only 25% of type 2 AIP may have
concurrent inflammatory bowel disease), making biopsy almost mandatory since

pancreatic cancer cannot confidently be ruled outl5%-61l.

Immunoglobulin IgG4
IgG4 remains a good marker for the diagnosis of IgG4-RDI¢2, but increased levels can
also occur in CP and qther benign conditions as well as in up to 10% to 15% of PDAC,
but levels are usually less than twice the upper limit of normall®3], which is considered
the ideal cut off point to diagnose or differentiate IgG4-RD AIP from other non-IgG4-
related diseases with a specificity of 92.6%. IgG4 levels are of no utility in ruling in or

out the possibility of type 2 AIPI6364],
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Autoantibodies

Autoantibodies (Abs), including ti-nuclear Ab, anti-Ro/SSA, anti-La/SSB, anti-
neutrophil cytoplasmic Ab, anti-lactoferrin Ab, anti-carbonic anhydrase 1II, anti-
plasminogen-binding protein Ab, anti-inhibitor of pancreatic trypsin secretion Ab, anti-
DNA, anti-Sm, anti-RNP, and cryoglobulins, are neither sensitive nor specificl®! and

lack diagnostic value since they do not differentiate AIP from MFCP or PDAC. In some

cases, they may increase the possibility of type 2 AIPe5>67].

Imaging
On imaging, AIP may present as either diffuse, focal, or multifocal pancreas

enlargement resembling MFCP and PDACI68.69],

Abdominal US and contrast-enhanced US
As discussed before, abdominal US does not have any diagnostic value other than being
the initial tool to assess jaundice. Although significantly limited with regard to the
extension of the pancreas that it can visualize, it can show a hypoechoic mass associated
with hyperechoic foci and stranding as well as parenchymal heterogeneity but is unable
to differentiate a benign from a malignant mass.

Contrast-enhanced US might provide more information in this regard, but again, the
extension of the gland that can be examined as well as technical, operator-, and patient-

related factors limit its diagnostic yield.

CcT
Abdominal CT allows visualization of the full extension of the pancreas and better
characterization of any abnormality.

The classic form or level 1 evidence of AIP according to the ICDC is a diffusely
enlarged pancreas with an increased anteroposterior diameter and smooth edges
(“sausage pancreas”) and is wusually accompanied by a hypodense halo or

pseudocapsule surrounding the pancreasl(!l.
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Ductwise, the level 1 evidence consists of an irregular and stenotic pancreatic main
ductl’072], When contrast media is applied, in the early phase, a hypodense mass is
usually observed, and in the late phase, it will become isodense. Although a similar
behavior is observed in PDAC, AIP usually presents late enhancement in the venous
phase.

Up to 30% of the time, AIP presents as a fogal mass that is indistinguishable from
MFCP and PDACI673], In PDAC, the pancreatic duct usually has smooth contours, with
a short stenosis or abrupt amputation at the tumor site; when located at the head of the
pancreas, it may also affect the CBD, and a double duct sign [dilated CBD and main
pancreatic duct (MPD)] can be observed.

Vascular involvement is often observed in late stages of PDAC, but AIP may have a
similar picture when it presents with retroperitoneal fibrosis affecting local
vasculaturel®ll,

Collateral information may aid in the differential diagnosis; the presence of
pancreatic calcifications and cysts might suggest MFCP or late phases of AIP, while
other organ involvement may suggest AIP7475],

Overall, CECT has 59% [95% confidence interval (CI), 41%-75%] sensitivity and 99%
(95%CI, 88%-100%) specificity to differentiate AIP from PDACI7I,

Extrapancreatic abnormalities such as renal involvement with bilateral patchy lesions

and lymph node or parotid gland involvement are associated with IgG4 systemic

diseasel7475],

MRI
On MRI, AIF’s diffuse or focal enlargement of the pancreas is observed as a hypointense
gland in the T1 sequence and hyperintense in the T2 sequence; however, this is similar
to how PDAC is observed.

Additionally, both AIP and PDAC show a similar diffusion restriction pattern on
DWI, appearing as a hyperintense gland, but unlike PDAC, AIP shows greater
hypointensity in ADC.
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A hypointense peripheral pancreatic halo in both sequences”] and extensive
irregular stenosis (= 3 mm in length) in the affected pancreatic segment without
upstream ductal dilation suggest AIPI267879. The presence of multiple stenoses has been
reported in up to 61.5% of cases with AIP(2¢] (Figure 3). The penetrating duct sign
(which is better observed during MRCP with secretin) in the affected area also favors
AIP over PDACI8051 MRI diagnostic yield has a low sensitivity (28.6%-44.4%) but high
specificity (100 %)[821.

Histology

Frequently, after exhaustive diagnostic work-up, atypical forms of IgG4 RD AIP and
type 2 AIP remain undiagnosed, and biopsy is needed, which may confirm the
diagnosis or distinguish them from MFCP and PDAC.

Histologic findings of AIP differ depending on whether it is type 1 or type 2. IgG4-
related AIP (type 1 AIP) is characterized by T-lymphocyte infiltration,
lymphoplasmacytic infiltrate with IgG4-positive plasma cells_ (IgG4+), storiform
fibrosis, and obliterative phlebitis(”®l. It has been reported that > U% of IgG+ plasma
cells and > 10 IgG4+ plasma cells per high power field (HPF) for puncture specimens or
> 50 IgG4+ HPF cells for surgical specimens are present in most AIP type 1[83].

Type 2 AIP histology shows a granulocytic epithaial lesion?282], neutrophil and
lymphocyte infiltrate and different extents of fibrosis. The pancreatic duct is narrowed
by periductal fibrosis and lymphoplasmacytic infiltration, but the ductal epithelium is
usually preserved(”! (Figure 4).

PDAC can also show infiltration by IgG4+ plasma cells, but to a lesser extent and
unlike AIP, it does not present storiform fibrosis or obliterative phlebitis. When EUS-
guided biopsy is unavailable, endoscopic biopsy of the ampulla of Vater may show a

lymphoplasmacytic infiltrate with IgG4-positive plasma cells, placing it as a good

surrogate in the diagnosis of type 1 AIP®4l.

NEW IMAGING TECHNIQUES IN THE PANCREAS
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Some recently developed techniques might improve our capability to differentiate

benign from malignant pancreatic masses.

Perfusion CT
This is a modality that seems to differentiate between MFCP and PDAC. Yadav ef all53]

d Aslan et all®] assessed the characteristics of histology-proven PDAC and MFCP on
perfusion CT. Blood flow (BF) and blood volume (BV) were the best parameters that
differentiated both entities from each other. Although both MFCP and PDAC presented
low values in BF and BV compared gith normal pancreatic parenchyma, the lowest
values were more frequent in PDCA. A cut off value of 19 mL/100 mL/min for BF had
92% sensitivity and 68% specificity to differentiate PDAC from MFCP, and for a value
of 5 mL/100 mL in BV, the reported sensitivity and specificity were 100% and 73%,
respectively.

These results are encouraging, but they still need to be replicated and validated in
larger studies.

Dual-energy CT and low-voltage tube
These techniques have become the modality of choice for pancreatic cancer imaging and
have shown good performance in detecting < 2 cm or isoattenuating lesions.

These methods allow a more precise characterization of the solid or cystic
nature/components of a given pancreatic lesion as well as a better visualization of the
pancreatic duct and surrounding vascularityl4858e],

Low voltage generated images increase the probability of detecting a hypodense
lesion embedded in the normal pancreatic parenchyma compared with those obtained
with high voltage equipment, and such distinction becomes more evident during the
portal contrasted phasel®l. Low voltage CT has higher sensitivity in diagnosing PDCA

compared to high voltage imaging using iodine contrastl86:87],

PET/CT
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It has limited and low diagnostic yield when discriminating between benign

inflammatory masses and malignant onesl!5871.

MRI elastography

By assessing and comparing the tissue rigidity related to either an inflammatory process
or a malignant process, this new tool has a high diagnostic accuracy for differentiating
PDAC from AIP but still requires further study.

Shi et all%8] reported differences in tissue stiffness in AIP, PDAC, and healthy
volunteers. AIP cases showed higher stiffness values [2.67 kPa (2.24-3.56 kPa) than
healthy pancreas 1.24 kPa (1.18-1.24 kPa)] but significantly lower stiffness values than
PDAC [3.78 kPa (3.22-5.11 kPa)] (P < 0.05).

EUS elastography

Either qualitative or quantitative, it might discriminate benign from malignant masses
based on their particular stiffness rates. A distortion ratio cutoff point > 10 or a value <
50 in the distortion histogram suggests malignancy!(®*-°1l (Figure 5).

Giovannini et all®?l reported EUS elastography findings in 121 cases with pancreatic
masseHhe sensitivity, specificity, positive predictive value, and negative predictive
value for differentiating benign and malignant pancreatic masses were 92.3%, 80.0%,
93.3%, and 77.4%, respectively.

Diagnosing based solely on these parameters is still far from possible; currently, these
technological advances have helped in selecting the biopsy site, identifying viable tissue

and avoiding necrotic areas within the mass.

LIQUID BIOPSY

Liquid biopsy identifies circulating tumoral DNA, microRNA, and cells. It has been
shown to be feasible and efficient in diagnosing different malignant neoplasms at early
stages (e.g., lung, breast, colon and liver cancer). It has also been suggested that it could

be a reliable confirmatory test and possibly replace the need for tissue biopsyl?3.
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Information on pancreatic cancer is scarce but promising; it could aid in diagnosis and
provide information related to potential therapeutic targets as well as prognosis!?-9I,

Its reported sensitivity and specificity in diagnosing PDAC range between 33%-100%
and 27%-81%, respectivelyl®l. Liquid biopsy could also be applied in the study and

diagnosis of benign conditions such as AIP and CP.

AUXILIARY INFORMATION THAT MAY DIFFERENTIATE PANCREATIC
MASSES

Clinical picture
Attention to specific clinical and imaging details that might be disease specific can be
highly valuable during the diagnostic work-up of a pancreatic mass (Figure 6).

PDAC can present with migratory thrombophlebitis, acute pancreatitis,
hypoglycemia, and hypercalcemia; although DM related to the exocrine pancreas has
distinct clinical characteristics that differentiate it from type 1 and 2-DM, it may not be
an easy task to differentiate that related to PDCA from that assoﬁted with CPE4I,

MFCP may show signs of longstanding overt or subclinical exocrine dysfunction in
the form of steatorrhea, malnutrition, and vitamin deficiencies. Although no single
serum marker is available for CP diagnosis, nutritional serum markers have been used
to adjust the pancreatic enzyme supplementation dose, and in some cases, those
markers may help in the diagnos'é of early CPI9.

We previously reported that age of presentation, history of abdominal pain, acute
pancreatitis, presence of other autoimmune diseases, pancreatic duct caliber and other
clinical and imaging characteristics might help to differentiate benign from malignant
masseslé7].

After comparing the nical and imaging characteristics of resected focal type 2 AIP,
CP, and PDAC, the char ristics that favored a benign over a malignant mass were

abdominal pain (OR 0.18; 95%CI 0.07-0.55; P < 0.001) and a history of acute pancreatitis
(OR 0.48; 95%CI 0.01-0.16; P = 0.002).
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In favor of PDAC were obstructive jaundice (OR 28.5; 95%CI 8.18-79.49; P < 0.0001)

and main pancreatic duct dilation (OR 5.21; 95%CI 1.93-14.62; P < 0.001). Patients with
PDAC were also older than nonmalignant patients (P < 0.001).

In the same group of patients, comparing AIP vs non-AlIP cases (PC and PDAC),
abdominal pain (OR 8.75; 95%ClI 1.83-41.75; P = 0.002), history of acute pancreatitis (OR
10.28; 95%ClI 3.29-32.12; P = 0.001), concurrent autoimmune disease (OR 20; 95%CI 4.38-
91.28; P = 0.006) and lack of main pancreatic duct dilation (OR 9.30; 95%CI 3.05-28.69; P
< 0.0001). AIP cases were younger (P < 0.001).

Imaging characteristics

Features such as mass morphology, pancreatic calcification distribution, presence of
duct-penetrating sign, duct stenosis, pancreatic or bile duct wall thickness, and contrast
uptake are some disease-specific characteristics that can help to differentiate PDAC,

AIP, and MFCP (Table 1).

Pancreatic duct morphology

CT and MRI allow the visualization and assessment of the main pancreatic duct and
bile duct morphology, diameter, and other characteristics that can be disrupted by the
presence of a pancreatic mass(!%.

Although CP and PDAC may be associated with duct stenosis as well as upstream
ductal irregularity and dilation, the presence of calcifications, the characteristics of the
stenosis, and other extrapancreatic and clinical features can differentiate benign from
malignant conditions.

In MFCP, the pancreatic duct lateral branches are usually dilated and deformed,
which in MRCP is called the “chain of lakes”['0l. In PDAC, dilation of the MPD is
usually more prominent as a result of abrupt narrowing caused by the centrifugal
ductal growth pattern of the cancer cells, which is usually followed by significant

atrophy of the pancreatic parenchyma.
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In AIP, it is typical to observe stenotic areas without prestenotic dilation!®3, although
few cases of focal AIP may present upstream dilation of the main pancreatic duct. This
is called the “icicle sign” (the MPD could penetrate the mass without complete
occlusion, and the pancreatic duct stenosis may taper within the mass), which is caused
by periductal fibrosis causing extrinsic compression and ductal narrowing in the
affected part of the pancreas. This sign has a specificity of up to 95% and an accuracy of
88% for diagnosing %’“02:1031.

We found that in the presence of a pancreatic mass in the head of the pancreas, the
absence of dilation of the main pancreatic duct favors the diagnosis of AIP with a

sensitivity of 31% but a specificity of 81% (OR 9.30; 95% CI 3.05-28.69; P < 0.0001)671.

Double duct sign

The CBD and the MPD converge at the major papilla, and any mass located at the head
of the pancreas may compress or engulf gither or both, causing subsequent prestenotic
ductal dilatation. The radiological image of dilatation of both ductal systems is referred
to as the double duct sign!”l. Although not pathognomonic of PDAC, it has been
reported to be present in up to 80% of cases. It can be present but less frequently in AIP
and MFCPBI,

MFCP showing a double duct sign can show ductal strictures alternated with dilated
areas, producing a beaded appearance, although in some cases, the pancreatic duct may
be dilated through its entire extension.

In AIP, the pancreatic duct caliber is usually normal, with few cases presenting slight
dilation. The ductal stenosis length (either biliary or pancreatic) tends to be longer in

MFCP and AIP and shorter or punctual in PDCA[7L,
Duct-penetrating sign

This sign is defined as a nonobstructed, nonstenotic, or normal-appearing MPD running

into a pancreatic mass and is usually seen on MRCP images!1%0-103]. This sign has a
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sensitivity of 85% and specificity of 96% to discern an inflammatory pancreatic mass
(MFCP and AIP) from PDACI8I,

The pathophysiological basis of the duct-penetrating sign is that the dense fibrotic
infiltrate of the PDAC causes an abrupt and complete narrowing of the duct, whereas in
inflammatory pancreatic masses, the narrowing is subtle and tends to taper down, and

the duct can still be visualized in the affected area in the MRPCI3I.

Calcification distribution

Parenchymal calcifications are not unique to CP; they can be present in PDAC and some
cystic neoplasms of the pancreas, such as neuroendocrine tumors, serous cystadenoma,
and intradﬁtal papillary mucinous neoplasm.

Diffuse parenchymal calcifications with ductal calcifications, parenchymal atrophy,
and cystic lesions are specific to CPBél. In PDAC, calcifications are usually neither
diffuse nor intraductal.

The presence of calcifications may not completely rule out or confirm a malignant or
benign mass, since long-standing CP cases may develop PDAC. In such a clinical
scenario, should a prior CT image be available, a change in the calcification distribution
as a result of a new mass displacing them may be observed, which in turn may favor

the presence of PDAC in a patient with preexisting CP.

Blood vessels

A pancreatic mass with blood vessel involvement is not unique to malignancies.
Although advanced stages of PDAC present with soft tissue involving the celiac trunk
and the superior mesenteric and splenic vessels, similar findings can be found in

chronic inflammatory processes such as retroperitoneal fibrosis that can be associated

with IgG4 systemic diseasel62751.

Pancreatic and biliary duct walls

22/49




Some studies have looked for imaging surrogates to differentiate AIP from PDAC and

MECP, highlighting the diagnostic potential of perfusion CT scans as well as EUS.

In addition to the classical imaging features of AIP and PDAC, long pancreatic duct
stenosis without upstream dilation, subtle bile, and/or pancreatic abnormalities can be
of significant aid.

The presence of egular narrowing of the main pancreatic duct in association with
duct wall thickening during EUS has a diagnostic accuracy for type 1 AIP of 98.3%.
Hyperechoic parietal thickening is also more frequent in AIP (93%) than in PDAC or CP
(23%) (Figure 7).

On CT/MR], diffuse and homogeneous ductal wall hyperenhancement is present in

47% of AIP and 22% of PDAC cases and has been reported to be highly predictive of
ATP[104-107]

STEROID TRIAL

As has been explained throughout this review, the differential diagnosis between focal
pattern AIP and PDAC is extremely difficult since the clinical picture, imaging, and
serological methods may provide questionable results(71.77-79].

Although some of the clinical and imaging diagnostic difficulties can be overce
with a biopsy; AIP, MFCP, and PDAC can share similar histological findings!'8], and
the associated inflammation or fibrosis, sampling error, bloody aspirates, and errors in
cytologic interpretation may provide equivocal results.

Some have suggested that in highly selected cases with diagnostic uncertainty after a
thorough diagnostic approach in experienced centers, a systemic steroid trial may be
beneficiall26:7476,77.109],

On average, a 2- to 4-wk interval is needed to evaluate the response with a
radiological study (CECT or MRI) since the clinical response is not a reliable parameter.
It is important to keep in mind that patients with pancreatic cancer may show

improvement due to the reduction in peritumoral inflammation, which can create
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confusion'%81%]. There is usually significant radiological improvement in all cases of
AIPI77], while the absence of response rules out AIPI26].

Even after a thorough diagnostic approach, up to 5% of resected masses under
suspicion of malignancy are benign. Uncertain pancreatic masses require a
multidisciplinary approach, preferably in referral centers, by highly experienced

specialists (radiologist, gastroenterologist, surgeons, and pathologists).

CONCLUSION

Due to the distinctive therapeutic and prognostic features of AIP, MFCP, and PDAC, a
precise diagnosis is of the utmost relevance. The initial approach to a pancreatic mass
must include a detailed clinical exam exploring relevant personal, non-personal and
family history, exposure to risk factors, blood tests including IgG4 and Ca19-9 levels,
and high-quality imaging (CECT). In uncertain cases after an initial approach, MRI, EUS
and tissue examination may provide auxiliary concluding diagnostic information.
Newer imaging and molecular techniques are promising tools, but further research is
still needed. Currently, in the differential diagnosis of uncertain pancreatic masses, all
available collateral clinical, imaging, and histological information remains the

cornerstone for an accurate diagnosis.
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Figure Legends
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Figure 1 A 62-year-old male patient with a history of abdominal pain and jaundice. A:
Contrast-enhanced abdominal tomography shows a poorly enhanced hypocaptured
lesion (orange arrow); B: Magnetic resonance imaging (MRI) in the T2 sequence shows a
hypointense lesion (orange arrow); C: MRI in the diffusion sequence shows a lesion
with restriction (orange arrow); D: In magnetic resonance cholangiopancreatography,
the double duct sign is evident; E: Macroscopic specimen of the head of the pancreas in
which there is a whitish mass; F: Slides report poorly differentiated pancreatic ductal
adenocarcinoma of the pancreas with high-grade signet ring cells with perineural

infiltration and invasion of the duodenum and ampulla of Vater.
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Figure 2 Rosemont classification for chronic pancreatitis.
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Figure 3 A 38-year-old man was diagnosed with autoimmune pancreatitis. The
magnetic resonance cholangiopancreatography shows a pancreatic duct with multiple

stenoses (orange arrow) without upstream dilation.

Figure 4 Endoscopic ultrasound guided fine needle biopsy of a type 2 autoimmune
pancreatitis. Specimens shows dense lymphocyte infiltrate with scattered neutrophils.
Citation: Pelaez-Luna M, Soriano-Rios A, Lira-Treviio AC, Uscanga-Dominguez L.
Steroid-responsive pancreatitides. World | Clin Cases 2020; 8: 3411-3430. Published by

Baishideng Publishing Group Incl6l (Supplementary material).
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Figure 5 Evaluation of a pancreatic adenocarcinoma using qualitative endoscopic

ultrasound elastography. A: Elastography showing a heterogeneous stiff pattern (stiffer

areas are shown in blue); B: Linear array endoscopic ultrasound (B-mode) imaging of

the same pancreatic mass.
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Figure 6 Differences in pancreatic masses. IDCP: Idiopathic duct-centric pancreatitis.
Citation: Peldez-Luna M, Medina-Campos C, Uscanga-Dominuez L, Hernandez-
Calleros ], Chan-Nunez C, Negrete E, Angeles A. A Nondilated Main Pancreatic Duct
Predicts Type 2 Autoimmune Pancreatitis: Comparative Study of Resected Pancreatic

Head Masses. Digestion 2020; 101: 137-143. Published by Karger Publishers!®]

(Supplementary material).
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Figure 7 Ductal wall thickening (biliary/pancreatic) in 2 cases of type 2 autoimmune
pancreatitis. A: Hypoechoic mass in the head of the pancreas, arrow shows common
bile duct (CBD) with hypoechoic symmetrical wall thickening in a histology confirmed
type 2 autoimmune pancreatitis (AIP); B. Fine needle biopsy of a hypoechoic mass in
the head of the pancreas. Arrow shows CBD with hypoechoic symmetrical wall
thickening in the same case of a histology confirmed type 2 AIP; C: Homogeneous,
symmetric main pancreatic duct wall thickening in other case of with histology
confirmed type 2 AIP. Citation: Pelaez-Luna M, Soriano-Rios A, Lira-Trevifio AC,
Uscanga-Dominguez L. Steroid-responsive pancreatitides. World | Clin Cases 2020; 8:
3411-3430. Published by Baishideng Publishing Group Incl®] (Supplementary material).
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Table 1 Radiological differences in pancreatic masses

Imaging AIP MECP PDAC
studio
Ultrasound
Conventional = Hypoechoic Hypoechoic Hypoechoic
CEUS/CE- Homogeneous Homogeneous No enhancement
EUS enhancement enhancement
Eltasography = Predominantly blue Heterogeneous Heterogeneous
by EUS heterogeneous pattern with a pattern with a
pattern predominance of predominance of
green color and blue blue color and green
stippling stippling
CT
Simple Hypodense; Hypodense Hypodense;
peripheral halo Intraparenchymal parenchymal
calcifications or atrophy
within the pancreatic
duct
Contrasted Hyperattenuation Heterogeneous No enhancement;
(compared to the hyperattenuation; vascular invasion
spleen) in the portal absence of
venous phase; extrapancreatic
presence of involvement
extrapancreatic
involvement
Perfusion Low BF and BV Low BF and BV

values compared to
normal pancreatic

parenchyma but

values compared to

MFCP
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Dual-energy

MRI
T1

T2

DWI
ADC

Elastography

Hypointense;
hypointense
peripheral halo
Hyperintense;
hypointense
peripheral halo
Hyperintense
Higher
hypointensity than
MFCP and PDAC
Higher stiffness
compared to
normal
parenchyma but
lesser compared to
PDAG;

multiple

scattered lesions

higher than PDAC

Hypointense
Hyperintense: Early
stage;  hypointense:

Advanced stage
Hyperintense

Hypointense

Appears as a
hypodense mass in
low voltage imaging
(especially  during
portal phase); in the

iodine mapping the

mass shows
enhancement
Hypointense

Hyper /hypointense
Hyperintense
Hypointense

Higher stiffness
compared to AIP;
single, isolated

nodular lesions
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ADC: Apparent diffusion coefficient; AIP: Autoimmune pancreatitis; BF: Blood flow;
BV: Blood volume; CEUS: Contrast-enhanced ultrasound; CE-EUS: Contrast-enhanced
endoscopic ultrasound; EUS: Endoscopic ultrasound; CT: Computed tomography; DWI:
Diffusion sequence; MFCP: Mass-forming chronic pancreatitis; PDAC: Pancreatic ductal

adenocarcinoma; MRI: Magnetic resonance.
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