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Abstract

AIM

To determine the prevalence, characteristics and clinical
course of pancreatic cystic neoplasms (PCNs) in liver
transplantation (LT) recipients.

METHODS
We retrospectively studied consecutive patients
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who underwent LT between January 1998 to April
2016. Clinical and laboratory data were obtained
from patient medical records. Imaging findings on
computed tomography and magnetic resonance
cholangiopancreatography were reviewed by two
radiologists.

RESULTS

During the study period, 872 patients underwent
cadaveric LT. Pancreatic cysts were identified in 53/872
(6.1%) and 31/53 (58.5%) were PCNs [28 intraductal
papillary mucinous neoplasm (IPMN), 2 mucinous cystic
neoplasm (MCN), 1 serous cystadenoma]. Patients with
PCNs exhibited less male predominance (55% vs 73%,
P = 0.03) compared to patients without pancreatic
cysts. Thirteen patients (42%) were diagnosed with
PCN pre-LT while 18 patients (58%) developed
PCN post-LT. The median size of PCNs was 13mm
[interquartile range (IQR) 10-20 mm]. All IPMNs were
side-branch type. Most PCNs were found in the head
and body of pancreas (37% each), followed by the
tail (25%). Five patients underwent further evaluation
with endoscopic ultrasound. Progress imaging was
performed on 81% of patients. PCNs remained stable
in size and number in all but 2 patients. During a
median follow up of 39 mo (IQR 26-58 mo), the 2
(6%) patients with MCN underwent pancreatectomy.
No PCN patient developed pancreatic adenocarcinoma,
while 5 died from illnesses unrelated to the PCN.
Among patients without PCN, 1/841 (0.1%) developed
pancreatic adenocarcinoma.

CONCLUSION

The prevalence of PCNs in LT recipients was similar to
the general population (3.6%, 31/872). Side-branch
IPMNs do not appear to have accelerated malignant
potential in post-LT patients, indicating the current
surveillance guidelines are applicable to this group.

Key words: Pancreatic cystic neoplasm; Intraductal
papillary mucinous neoplasm; Mucinous cystic heoplasm;
Liver transplantation; Pancreatic adenocarcinoma;
Immunosuppression

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The prevalence of pancreatic cystic neoplasms
(PCNs) in liver transplantation (LT) recipients is similar
to that of the general population and PCNs do not
appear to behave more aggressively in this setting.
Our results suggest that current surveillance guidelines
can be safely applied in the immunosuppressed LT
population.
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INTRODUCTION

Pancreatic cystic lesions are a common incidental
finding in asymptomatic adults undergoing abdominal
imaging, with a quoted prevalence of 2%-13%"%,
While 80% of pancreatic cysts are non-neoplastic
(simple cysts, pseudocysts, retention cysts), some
are considered to be premalignant lesions and require
surveillance™. These cysts with neoplastic potential
are classified as pancreatic cystic neoplasms (PCNs)
of which the two most common types are intraductal
papillary mucinous neoplasm (IPMN) and mucinous
cystic neoplasm (MCNs). Currently, the assessment of
malignant progression risk in PCNs mainly focuses on
cyst type and characteristics including size, presence
of a solid component and main pancreatic duct
dilatation™"',

The prevalence of PCNs has been reported to be
twice as common in cirrhotic patients compared to
the general population while their risk of pancreatic
cancer is increased five-fold'®”. Liver transplantation
(LT) is the treatment of choice for appropriately
selected patients with end-stage liver cirrhosis. Limited
data exist regarding whether LT and its ensuing
immunosuppression influences the incidence and
risk of malignant progression of PCNs. Furthermore,
patient populations and immunosuppression protocols
differ between LT centers worldwide, which may in-
fluence the prevalence and natural history of PCNs. LT
recipients undergo regular cross-sectional abdominal
imaging [computed tomography (CT) and/or magnetic
resonance imaging (MRI)] as a part of hepatocellular
carcinoma (HCC) screening and LT work up. The
aim of this study was to determine the prevalence,
characteristics and clinical course of PCNs in LT
recipients in a large Australian LT center.

MATERIALS AND METHODS

Patients

A retrospective review of medical records for all LT
recipients from January 1998 to April 2016 at Royal
Prince Alfred Hospital, a quaternary state-wide LT
referral center in Sydney, Australia was performed.
Patient demographics, etiology of liver disease, and
radiology reports of CT or MRI scans were reviewed
by electronic medical records. Those with pancreatic
lesions reported on abdominal imaging had their scans
reviewed and further data were collected including:
clinical findings including history of pancreatitis,
laboratory values, histology reports, and results of
fluid analysis, if available. Clinical pancreatitis was
defined by the presence of two of the following three
criteria: (1) characteristic abdominal pain; (2) elevated
(= 3 times the upper limit of normal) levels of serum
amylase and/or lipase; or (3) characteristic findings
on a CT scan'™. Pancreatitis was attributed to the PCN
if no other etiology was present e.g. alcohol abuse
(alcoholic pancreatitis) or choledocholithiasis (gallstone
pancreatitis). Patients with known chronic pancreatic
disease were excluded. Outcomes measures included
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growth of the PCN, the development of pancreatic
adenocarcinoma, and requirement for surgical
resection and mortality. Patients were otherwise
followed until the date of their last abdominal CT or
MRI scan. The study protocol was approved by the
Sydney Local Health District Human Research Ethics
Committee (X15-0426 and LNR/15/RPAH/570).

Imaging analysis of pancreatic lesions
Abdominal imaging (either CT, MRI or both), for all
patients with a pancreatic cystic lesion was reviewed
by two independent radiologists. CT was performed
on either GE 16 or 64 slice or Siemens SOMATOM
Plus 4 spiral scanners depending on year. Either
single portal venous phase (70 s after injection) or
multiphase images were obtained with pre-contrast,
arterial (40 s after injection), portal-venous (70 s after
injection) and delayed (five minutes after injection).
Magnetic resonance cholangiopancreatography
(MRCP) was performed on either Siemens (3T) or GE
(1.5T) magnets depending on inpatient or outpatient
status. The institution’s MRCP standard protocol for
both magnets includes axial and coronal T2-weighted
single shot fast spin echo breath-hold, respiratory
triggered axial T2-weighted fast recovery fast spine
echo (FRFSE), heavily-weighted axial T2 with fat
suppression, axial T1-weighted pancreas in and out
of phase, axial T1 pancreas fat suppressed, three-
dimensional and thick slab MRCP respiratory triggered.
Where indicated, gadolinium (Gadovist, Bayer Group,
Germany) was administered at a rate of 1.5mL/s with
pancreatic (20-40 s after injection), portal venous
(65-85 s after injection) and delayed phase (three
minutes and five minutes after injection) sequences
obtained. Review of images was performed on a
PACS-integrated workstation (Centricity RA 1000, GE
Healthcare, Little Chalfont, United Kingdom).
Characterization of pancreatic cysts on imaging was
performed using generally accepted imaging criteria™*”.
A presumed imaging diagnosis of a mucinous cys-
tadenoma was made if the cyst was unilocular with
or without mild septations, located in the body or
tail and with the signal intensity of simple fluid on
MRI. If a unilocular or multilocular cyst demonstrated
communication with a non-dilated main pancreatic duct,
then a side-branch IPMN was diagnosed. If the cyst was
comprised of numerous small cysts, with or without
central calcification and no ductal communication
on imaging, then a favored diagnosis of serous cys-
tadenoma was given. A lesion was classified as a
pseudocyst if a unilocular cyst was seen with layering
debris and/or features of acute or chronic pancreatitis.
In the absence of the above imaging features, a
diagnosis of an undifferentiated pancreatic cyst was
made. Final cyst diagnoses were also governed by
results of cyst fluid analysis, cytology or histology in
patients who underwent endoscopic ultrasound (EUS)
with cyst aspiration or resection.
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PCNs were evaluated for cyst size, multiplicity,
location in the pancreas (head, body and tail). For
patients with multiple PCNs, data from the largest
cyst were recorded. The presence of worrisome
features was also assessed including: size > 30 mm,
thickened or enhancing cyst walls, dilated pancreatic
duct, or solid component to the cyst™. The evolution
of PCNs was assessed for changes in cyst size and
characteristics in patients who underwent subsequent
imaging.

Statistical analysis

Categorical data was analyzed by the Pearson 4° test
or Fisher’s Exact test where appropriate. The Mann
Whitney U test was used to analyze continuous data
with non-normal distribution. Statistical analyses were
performed using SPSS v.22.0 software (IBM, Armonk,
NY, United States). A result was considered statistically
significant if P < 0.05.

RESULTS

Patient characteristics

During the study period, 872 patients underwent
cadaveric LT. Median age at time of LT was 60 years
[interquartile range (IQR) 55-66 years]. The majority
of patients were male (630/872, 72%). The most
common cause of liver disease was hepatitis C (35%),
followed by alcohol (15%), hepatitis B (13%), primary
sclerosing cholangitis (9%), and non-alcoholic fatty
liver disease (4%). HCC complicated the liver disease
in 14% (126/872) of patients pre-LT.

Pancreatic cysts were identified in 53/872 (6.1%)
of which 31 (3.6%) were PCNs (28 IPMNs, two
MCNs, one serous cystadenoma). The other cystic
lesions included: undifferentiated cyst (13/53), simple
cysts (6/53) and pseudocysts (2/53). All PCNs were
discovered incidentally (71% on CT, 29% on MRCP),
with no prior history of pancreatitis. All undifferentiated
cysts were < 30 mm in size, well-defined, round
and exhibited a homogenous fluid signal. Most PCNs
(22/31, 71%) were diagnosed in the last five years of
the study period while 27/31 (87%) were diagnosed
in the last ten years. Thirteen patients (42%) were
diagnosed with PCN pre-LT while 18 patients (58%)
developed PCN post-LT (Figure 1). The median age
at cyst discovery was 59 years (IQR 56-62 years).
Patients with PCNs exhibited less male predominance
(55% vs 73%, P = 0.03) and were comparable in
terms of age at time of LT (median 62 years vs 60
years, P = 0.18) compared to those without PCNs.
There were no significant differences in etiology of liver
disease in patients with and without PCN (P = 0.65).
Presence of HCC also did not differ between the two
groups (10% PCN group vs 15% no PCN, P = 0.44).
The median white cell count in patients at time of
PCN discovery was 5.0 x 10°/L (IQR 4.1-7.1 x 10%/L,
normal laboratory range 4.0-10.0 x 10%L). Patient
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Figure 1 Time points for pancreatic cystic neoplasms diagnosis, liver transplantation and follow-up in the 31 patients with pancreatic cystic neoplasms.

characteristics comparing patients with and without
PCNs are shown in Table 1.

Pancreatic cystic neoplasm characteristics

The majority of patients with PCNs had multiple cystic
lesions (20/31, 65%). Most PCNs occurred in the head
of pancreas (37%) and body (37%) followed by the
tail (25%). The median size of PCNs at initial diagnosis
was 13 mm (IQR 10-20 mm). All 28 IPMNs were side-
branch type. No PCNs exhibited worrisome features
in the form of having a solid component, thickened or
enhancing wall or pancreatic duct dilatation. However,
three PCNs were > 30 mm in size: an IPMN at 35 mm,
a MCN at 40 mm and a serous cystadenoma at 35
mm. Five patients (16%) underwent further evaluation
with EUS evaluation which confirmed the suspected
lesion seen on imaging (three side-branch IPMNs, two
MCNs). Only one patient underwent cyst aspiration
with cytology and fluid analysis. At time of cyst
discovery, the median serum Ca 19.9 was 48 U/mL
(IQR 35.5-112.5 U/mL, reference range < 37 U/mL)
and the median serum lipase was 48 U/L (IQR 44-75
U/L, reference range 13-60 U/L).

Outcomes

Patients with PCN were followed up for a median
duration of 40 mo from date of cyst discovery (IQR
27-59 mo). Surveillance with CT, MRCP and/or EUS
was performed on 25/31 (81%) patients. Two of the
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remaining six patients who did not have surveillance
had only recently been diagnosed with PCNs and
were not yet due for repeat imaging according to
guidelines™. Of the patients with subsequent imaging,
PCNs remained stable in size in 20/25 (80%) patients,
reduced in size in 3/25 (12%) patients and increased
in size in 2/25 (8%) patients. No patients developed
clinical pancreatitis during follow-up.

No patient with a PCN developed pancreatic
adenocarcinoma. Two patients (6%) underwent
surgical resection of their PCN. Both patients had a
MCN in the tail of the pancreas and underwent distal
pancreatectomy and splenectomy without operative
complications. The first patient was a 38-year-old
woman whose MCN was discovered on routine LT
assessment (for primary biliary cholangitis) initially
measuring 9 mm in diameter. This subsequently grew
to 17 mm and 26 mm at two and five years post-LT,
respectively, which prompted the decision to resect.
Histopathology revealed a MCN with intermediate
dysplasia. The second patient, a 61-year-old woman,
had her MCN discovered on LT assessment (for primary
sclerosing cholangitis) initially measuring 40mm in
diameter. The lesion grew further to 47 mm and was
subsequently resected post-LT with histopathology
showing a MCN with low grade dysplasia (Figures 2 and
3). Surgical resection was not considered for the other
two aforementioned patients with PCNs > 30 mm in size
(one 35 mm IPMN, one 35 mm serous cystadenoma)
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Table 1 Demographics of liver transplant recipients with and without pancreatic cystic neoplasms

Characteristic All Patients, n = 872 Patients with PCN, n = 31  Patients without PCN, » = 841 P value
Age at LT (yr) 60 (55-66) 62 (59-66) 60 (54-66) 0.18
Age at cyst PCN discovery (yr) N/A 59 (56-62) N/A N/A
Males 630 (72) 17 (56) 613 (73) 0.03
Cause of liver disease 0.65

Hepatitis C 304 (35) 8 (26) 296 (35)

Alcoholic liver disease 134 (15) 2(7) 132 (16)

Hepatitis B 109 (13) 3 (10) 106 (13)

Primary sclerosing cholangitis 79 (9) 4 (13) 75 (9)

Non-alcoholic fatty liver disease 39 (4) 3 (10) 36 (4)

Primary biliary cholangitis 38 (4) 2(7) 36 (4)

Autoimmune hepatitis 31 (4) 2(7) 29 (3)

Cryptogenic 19 (2) 1(3) 18 (2)

Other 118 (14) 6(19) 112 (13)
Concomitant HCC 126 (14) 3 (10) 123 (14) 0.44

The data are shown in n (%) and median (interquartile range), °P < 0.05. HCC: hepatocellular carcinoma; PCN: pancreatic cystic neoplasm; LT: liver

transplantation.

Figure 2 Coronal (A) and axial (B) computed tomography images in portal
venous phase demonstrate a well-defined low density lesion in the body/
tail of the pancreas measuring 40 mm in maximum transverse dimensions
(white arrows). Thin septa are demonstrated within the cyst.

due to significant medical co-morbidities.

During the follow-up period, five patients died due
to acute pathologies or post-LT complications unrelated
to their PCNs. Incidentally, among the patients without
PCN, 1/841 (0.1%) developed metastatic pancreatic
adenocarcinoma eight years after LT for hepatitis C
and HCC.
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Figure 3 Lower power 100 < magnification view (A) and higher power 400
X magnification view (B) of a mucinous cystic neoplasm with low grade
dysplasia. The cyst is lined by columnar mucinous epithelium with underlying
ovarian-type stroma (hematoxylin-eosin stain).

DISCUSSION

In this large cohort study of 872 LT patients, the pre-
valence of PCNs was found to be 3.6%. This is similar
to the rate of incidental PCNs in the general population
found on abdominal imaging for other indications™*.
Although PCNs were commonly encountered, cyst size
> 30 mm (10%) and cyst enlargement on surveillance
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imaging (6%) were uncommon, while the presence of
other worrisome features was not seen. Accordingly, the
rate of pancreatic adenocarcinoma in our study was low
with no cases seen among patients with PCNs.

Patients with cirrhosis have been shown to be
immune suppressed™*?. Furthermore, patients who
undergo LT remain on life-long immunosuppressive
drugs. Based on our results, the immunosuppressive
effect of cirrhosis pre-LT and anti-rejection medications
post-LT does not seem to alter the natural course of
PCNs nor increase the risk of malignant transformation.
Hence current guidelines for surveillance of PCNs can
likely be safely applied in the LT population.

Our findings are consistent with other studies of
PCNs in the LT setting. Vidhyarkorn et af'**! reported a
prevalence of 3.9% (70/1778 patients) for pancreatic
cystic lesions demonstrated on CT or MRI among
LT recipients. Despite showing an increase in the
average size and number of PCNs by 4.5mm and 1.4,
respectively during the follow-up period, only one
patient developed a mixed acinar-neuroendocrine
carcinoma 9 years post-LT. In a French study of LT
waitlist patients, IPMN was identified in 6.6% (14/212
patients) using MRI. No worrisome features, pancreatic
resections or pancreatic adenocarcinomas were
observed™. In contrast, Lennon et a** followed 297
patients with side-branch IPMN and found high-risk
features in up to 17%, potentially related to a higher
proportion of patients undergoing EUS. There was
no significant difference in risk of progression when
comparing 23 patients who had undergone LT versus
274 patients without a history of immunosuppression.
All the above authors concluded that LT does not
appear to increase the risk of malignancy in patients
with PCNs despite immunosuppression.

The strength of our study is the large cohort of LT
patients (872 patients over 18 years) with a relatively
large number of PCNs (28 IPMNs versus 14-23 in other
studies). While previous studies in the LT population
have focused on IPMNs™™!, our study is the first
to describe MCNs in this setting. The two patients
with MCNs were middle-aged females with single
lesions located in the tail of the pancreas - hallmark
characteristics of MCNs in the general population®®?.
Surgical resection of MCNs is recommended for all
surgically fit patients®!. Both patients with MCN in
our study underwent pancreatectomy post-LT with
significant dysplasia seen on histopathology, however
it remains unknown whether the behavior of MCNs is
altered by immunosuppression. Clearly, further studies
with a focus on MCNs in immunosuppressed patients
are needed.

A limitation of the present study is its retrospective
nature which impacts on the accuracy and completeness
of the data, as well as the potential influence of length
time bias. However, retrospective data collection
provided the advantage of capturing patients with PCNs
over an 18-year period of LT. Furthermore, our study
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outcomes of PCN growth, pancreatic adenocarcinoma,
surgical resection and mortality are hard endpoints
which minimizes other potential biases. Although the
imaging of patients without PCNs described on their
initial radiological reports was not re-reviewed, all scans
at our institution are reported formally by at least one
experienced radiologist. Our data also suggest that
awareness and identification of PCNs is increasing with
most (72%) of our PCNs diagnosed in the last five
years of the study period. However, the recency of
these diagnoses has meant that our follow-up period in
this study was relatively short (median 40 mo) which
limited our ability to capture events such as cyst growth
and malignancy transformation.

In conclusion, the prevalence of PCNs was 3.6% in
our cohort of Australian LT patients. This is similar to
that of the general population. All PCNs were discovered
incidentally and over half of PCNs developed post-
LT. All patients with IPMN exhibited a benign course
in this study while 2/2 MCN (6% of PCNs) patients
underwent surgical resection. No cases of pancreatic
adenocarcinoma occurred in patients with pre-existing
PCNs. These results suggest that current surveillance
guidelines can likely be safely applied in the LT
population.

ARTICLE HIGHLIGHTS

Research background
Pancreatic cystic neoplasms (PCNs) are a common incidental finding and their
behaviour in liver transplantation (LT) recipients has not been well studied.

Research motivation

By studying PCNs in the LT setting, we can observe whether the
immunosuppressive effects of cirrhosis (pre-LT) and anti-rejection medications
(post-LT) have any impact on PCN development and progression. This would
provide important information on whether current screening and surveillance for
the general population can be safely applied to these patients.

Research objectives
We aimed to determine the prevalence, characteristics and clinical course of
PCNs in LT recipients.

Research methods

Consecutive patients who underwent LT between January 1998 to April
2016 were retrospectively studied. Clinical and laboratory data and
imaging findings on computed tomography and/or magnetic resonance
cholangiopancreatography were assessed.

Research results

The prevalence of PCNs was 3.6% in our cohort of Australian LT patients which
is similar to that of the general population. All PCNs were discovered incidentally
and over half of PCNs developed post-LT. Only 3/31 (10%) PCNs exhibited
worrisome features. All patients with intraductal papillary mucinous neoplasm
(IPMN) exhibited a benign course in this study while 2/2 mucinous cystic
neoplasm (MCN) (6% of PCNs) patients underwent surgical resection. No cases
of pancreatic adenocarcinoma occurred in patients with pre-existing PCNSs.

Research conclusions
This is the first cohort study of PCNs in Australian LT recipients. It is also the
first study to describe MCNs in the LT setting. Our results suggest that current
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surveillance guidelines can likely be safely applied in the LT population. Our
data also suggest that awareness and identification of PCNs is increasing with
most being identified in the last five years of our study period.

Research perspectives

It would be important to pool experience from multiple centers to improve
our knowledge of the behavior of non-IPMN PCNs in the context of
immunosuppression.
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