
Longterm Follow-up of Small Pancreatic
Cystic Lesions in Liver Transplant
Recipients
Sirachat Vidhyarkorn,1,4 Surachate Siripongsakun,4 Jennifer Yu,1 James Sayre,2

Vatche G. Agopian,3 Francisco Durazo,3 and David S. Lu1

1Department of Radiology, 2School of Public Health, 3Division of Liver and Pancreas Transplantation, Department of Surgery,
David Geffen School of Medicine, University of California, Los Angeles, CA; and 4Department of Radiology, Chulabhorn Hospi-
tal, Bangkok, Thailand

Incidental small pancreatic cystic lesions (PCLs) are often found on preoperative imaging in patients undergoing orthotopic

liver transplantation (OLT). Although these are considered benign or of low malignant potential, the influence of immuno-

suppression after OLT may be of concern. The aim of this study was to observe the longterm outcome of these small PCLs

in post-OLT patients. An institutional OLT database of 1778 consecutive OLT patients from January 2000 to December

2010 was analyzed. Computed tomography, magnetic resonance imaging, or endoscopic ultrasound at the time of OLT and

all subsequent imaging, cytology, fluid analysis of PCLs, and patient status were evaluated. A total of 70 patients with 182

PCLs, of benign or low malignant potential, were identified with a mean follow-up time of 64 months. At initial diagnosis

of PCLs in 48 patients, 7 branch duct–type intraductal papillary mucinous neoplasms (B-IPMNs), 1 serous cystadenoma

(SCA), and 40 nonspecific benign cysts were identified. Final diagnosis at the end of the follow-up revealed 16 B-IPMNs, 3

SCAs, and a mixed acinar-neuroendocrine carcinoma, in which the latter developed 9 years after initial diagnosis of B-

IPMN. During the follow-up time, average increase in size and number of PCLs were 4.5mm and 1.4, respectively

(P< 0.001 for both). The majority of incidental PCLs in OLT patients showed an indolent behavior despite immunosup-

pression. Risk of malignancy development was very low and comparable with normal population.
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Orthotopic liver transplantation (OLT) has become a
very successful procedure in the treatment of end-stage
liver disease and other liver diseases. Advances in
immunosuppressive agents have improved the survival

rates of organ transplant grafts.(1) The evaluation of
the patient before OLT is critical to assure a favorable
outcome. During this evaluation, unexpected underly-
ing conditions may be discovered that will need to be
addressed before the liver transplantation (LT) or may
even contraindicate the LT itself. Cross-sectional
imaging for preoperative workup and follow-up are
routinely done in patients being considered for OLT.
As a result, many incidental pancreatic cystic lesions
(PCLs) may be found in these patients. The incidence
of detected PCLs has increased in recent years as
imaging methods improved in spatial and contrast res-
olution. Studies have shown incidence of PCLs in
0.7%-44.7% in the general population,(2-7) whereas it
may be as high as 58.8%-59.6% in LT recipients, using
magnetic resonance cholangiopancreatography
(MRCP).(7,8) Many of these cystic lesions are small
and indeterminate in nature at the time of first discov-
ery. Their spectrum includes benign, premalignant,
and malignant pathologies. Serous cystic neoplasms
(SCNs), mucinous cystic neoplasms (MCNs), and
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intraductal papillary mucinous neoplasm (IPMNs) are
the most common types. SCNs have a benign behavior
and require no treatment. MCNs and IPMNs are con-
sidered neoplasms with malignant potential. IPMNs
that involve the main pancreatic duct (MPD; main or
mixed duct IPMNs) have a higher malignant potential,
and surgical resection is recommended for these
lesions. In contrast, branch duct–type intraductal pa-
pillary mucinous neoplasms (B-IPMNs) are associated
with a lower risk of malignant transformation. The risk
of malignant progression is a concern, especially in a
patient who will need lifelong immunosuppression. One
study in solid organ transplant recipients showed that the
development of cancer is rare in PCLs without high-risk
features.(9) There are limited data regarding the behavior
of PCLs and risk of progression of B-IMPNs in patients
undergoing LT. One study in solid organ transplant
recipients showed that in PCLs without high-risk fea-
tures, the development of features worrisome for cancer
is rare.(9) Another study followed LT recipients with B-
IPMNs and did not find a significant difference in the
risk of developing high-risk features between the LT and
control groups.(10) The aim of this study is to observe the
clinical behavior of PCLs in patients undergoing LT on
chronic immunosuppression.

Patients and Methods
The study was performed with Health Insurance Porta-
bility and Accountability Act compliance and institution-
al review board approval. From the institutional LT
database between January 2000 to December 2010, 1778
consecutive adult OLT patients were identified, and their
electronic records were searched for all magnetic reso-
nance imaging (MRI) and computed tomography (CT)
imaging reports for presence of PCLs. Image reviews
were performed on a PACS-integrated workstation
(Centricity RA 1000, GE Healthcare, Little Chalfont,
UK) with a 21.5-inch display and a resolution of
19203 1080 pixels. Patients were excluded if they had
clinical pancreatitis, history of prior pancreatic surgery,

congenital syndromes such as autosomal-dominant poly-
cystic kidney disease, autosomal-dominant polycystic liver
disease, Von Hippel–Lindau syndrome, cystic fibrosis,
and high-potential malignant pancreatic cystic neoplasms
based on initial characteristic CT/MRI and endoscopic
ultrasound (EUS) findings. Minimum follow-up time
was 6 months. Demographic data of the patients, includ-
ing age, sex, causes of cirrhosis and OLT, EUS studies,
cytological report, fluid analysis, patient status, and
comorbidities were retrospectively reviewed.

IMAGING ANALYSIS

The most suitable images of sufficient quality from CT
and MRIs were chosen for analysis and measurement.
CT must be contrast-enhanced with slice thickness
�5mm. MRI and MRCP have either contrast-
enhanced T1-weighted images and/or T2-weighted
images of sufficient resolution and free from motion arti-
fact. We excluded questionable PCLs of <3mm in size
that could not be confirmed by at least 2 studies. Sizes of
PCLs were measured by the longest axial diameter of the
largest PCL in each patient. Growth rate of the domi-
nant PCL at presentation was determined and calculated
by a difference of the maximum axial diameter of the
lesion over time divided by follow-up time period (mm/
year). Number of PCLs in each patient was counted up
to 10 and regarded as the maximum number per patient.

CLASSIFICATION OF PCLS

PCL classification was based on imaging features and
fluid analysis if available. Each PCL was classified by
consensus agreement between 2 abdominal radiologists
(D.S.L. and S.V. with 20 and 3 years of experience,
respectively). Size measurements for growth were
made by 1 radiologist (S.V.).

An imaging diagnosis of a nonspecific pancreatic
cyst was defined as a cyst of <3 cm with a round or oval
shape, sharp demarcation, thin walls, no more than 1
thin septum, and homogeneous fluid signal, density, or
simple fluid echogenicity. Additional endoscopic crite-
ria included cyst fluid aspiration and analysis negative
for mucin stain, mucin-producing cells, malignant cells,
and low carcinoembryonic antigen (CEA) level
(<5 ng/mL). Imaging diagnosis of a presumed serous
cystadenoma (SCA) would be made if the lesion was
comprised of a cluster of numerous small cysts with or
without a central scar, which could be calcified or non-
calcified.(11,12) Further confirmation of SCA could be
made on fluid analysis yielding serous fluid and/or
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cytology staining positive for cystoplasmic glycogen,
low CEA level (<5 ng/mL), and low amylase level
(�100 units/L).(13,14)

Presumed diagnosis of a mucinous lesion of low
malignant potential, ie, mucinous cystadenoma
(MCA) or B-IPMN, were based on imaging and
available cyst fluid analysis demonstrating positive
mucin stain or CEA> 192 ng/mL, or presence of
mucin-producing cells.(13-15) Lesions were classified as
MCA when a unilocular cyst up to 3 cm with or with-
out mild septation, mural thickening, or enhancement
was seen without communication with the pancreatic
duct.(16) Lesions were classified as B-IPMN when
either unilocular or multilocular PCLs <3 cm were
present with at least 1 cyst communicating with a non-
dilated MPD, or more than 4 PCLs< 3 cm were pre-
sent but none clearly communicating with a nondilated
MPD. If the imaging diagnosis of PCLs was different
from that based on fluid analysis and cytology, the lat-
ter would determine the final diagnosis.

STATISTICAL ANALYSIS

The results from statistical analysis were reported in
mean, range, and standard deviation (SD). Paired t test
was used to compare the value of means from baseline
and follow-up imaging size. A P value< 0.05 was con-
sidered as statistically significant. Statistical analysis was
performed using SPSS version 20.0 for windows (IBM,
Armonk, NY).

Results
A total of 70 OLT patients (70/1778, 4%) had 182
PCLs. There were 39 (39/70, 55.7%) males and 31
(31/70, 44.3%) females. Patients’ age ranged from 29

to 74 years, with a mean6 SD of 586 9.4 years.
Patient demographics and etiologies of cirrhosis were
listed in Table 1. All PCLs at baseline imaging were less
than 3 cm. In 58 (58/70, 83%) patients, PCLs were
found during preoperative workup and in 12 (12/70,
17%) patients PCLs were first seen after OLT. Twelve
patients underwent EUS before OLT for confirmation,
and 8 patients received EUS after OLT (Table 2). All
EUS were done with cyst fluid aspiration except in 2
patients (1 with coagulopathy and the other with
unknown reason). The mean cyst follow-up time was
646 39 (range, 6-147) months with 16% (11/70) of the
patients exceeding 108 months (9 years) of follow-up.

A majority of PCLs at baseline radiological imaging
evaluation were benign-appearing pancreatic cysts of at
most low malignant potential. Most of the cysts were
small with mean initial size 6 SD of 86 4.9 mm and
solitary (52/70; 74%). Septated cysts were present in 5
(5/70, 7%) patients. No PCLs demonstrated any mural
nodules or calcifications at the time of initial imaging
diagnosis. Imaging evaluation before OLT showed 7 (7/
70, 10%) B-IPMNs, 1 (1/70, 1.4%) SCA, and 40 (40/
70, 57%) nonspecific benign cysts. During the follow-up
period, PCLs disappeared in 4 (4/70, 6%) patients,
decreased size in 7 (7/70, 10%) patients, the size stayed
stable in 21 (21/70, 30%) patients, and increased size in
38 (38/70, 54%) patients. There were 28 (28/70, 40%)
patients who had an increase in the number of PCLs. A
comparison between initial imaging and the last avail-
able imaging in patients with PCLs showed statistically
significant (P< 0.001) increase in size (from 6.06 5.9
to 10.56 6.6mm) and number (from 1.26 0.9 to
2.66 2.6), an example of increasing size of the cyst
shown in Fig. 1. The average growth rate of PCLs was
0.56 1.2 (95% CI, –2.0-5.5) mm/year.

Morphologic changes of PCLs were observed in 7
(7/70, 10%) patients, including newly developed septa-
tions in 4 (4/70, 5.7%) patients, cluster appearance in
1 (1/70, 1.4%) patient, and progression into diffused
pancreatic involvement by PCLs in 2 (2/70, 2.8%)
patients, 1 of whom also had new cyst septations and
mural calcifications. Only a single patient ultimately

TABLE 1. Demographic Characteristics of the Patients

Characteristic Value (n 5 70)

Age, years 58 6 9.4 (29-74)
Sex

Male 39 (55.7)
Female 31 (44.3)

Cause of cirrhosis
HBV 8 (11.4)
HCV 37 (52.9)
Alcohol 8 (11.4)
NASH 1 (1.4)
Others* 16 (22.9)

PCLs follow-up time in months 64 6 39 (6-147)
Post-OLT follow-up time in months 55 6 39 (6-161)

NOTE: Data are given as n (%) or mean6 SD (range).
*Others are including primary sclerosing cholangitis, primary bili-
ary cirrhosis, fulminant hepatitis, etc.

TABLE 2. Finding of 20 EUS Patients (18 with FNA)

Diagnosis
Pre-OLT
(n 5 12)

Post-OLT
(n 5 8)

Nonspecific pancreatic cyst 4 2
Pseudocyst 1 3
SCA 2 0
MCA 0 0
B-IPMN 5 2
Other 0 1 (MANEC)
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had a proven malignant pancreatic cyst (Fig. 2). This
patient had 2 small simple 7-mm and 12-mm PCLs in
the pancreatic tail at the time of OLT. No initial EUS

was performed. After 9 years (115 months) post-OLT
follow-up, patient presented with metastatic liver dis-
ease and biopsy showed mixed acinar-neuroendocrine
carcinoma (MANEC). At this time, the pancreas
showed stable size of the 2 initial cystic lesions (7 and
12mm) at the tail of the pancreas, but there was a
small additional cyst found in the neck (6mm). Subse-
quent EUS with fine-needle aspiration (FNA), cytolo-
gy, and immunohistochemistry showed that this new
cyst was in fact also MANEC. The patient died 1 year
after he was diagnosed. Among patients with either
imaging or fluid analysis–based diagnosis of B-IPMN,
or SCA at baseline, none of the patients developed
proven malignancy during the follow-up period. Final
diagnosis and progression of cysts after longterm
follow-up are shown in Table 3.
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FIG. 1. A 55-year-old male patient who received OLT due to HCV cirrhosis. Pre- and post-LT CT show increasing size and num-
ber of PCLs. (A) Pre-LT, venous phase axial CT image shows a small pancreatic cyst at the head of the pancreas (arrow). (B) Pre-
LT, venous phase axial CT image shows absence of additional cysts in the rest of the pancreas. (C) At 4 years after LT, venous phase
axial CT image shows interval increase in size of the cyst in the pancreatic head from 0.5 to 1.2 cm (arrow). (D) At 4 years after LT,
a venous phase axial CT image shows 2 new small pancreatic cysts in the body and tail of the pancreas (2 arrows).
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FIG. 2. A 60-year-old male patient who received OLT due to HCV cirrhosis and HCC. Nine years after OLT, this patient pre-
sented with multiple liver metastasis from MANEC. (A) Pre-LT, venous phase axial CT image shows tiny small pancreatic cysts in
the tail of the pancreas (arrows). (B) Axial T2-weighted MRI 9 years after LT shows stability of the cysts in the pancreatic tail
(arrows). (C) T2-weighted MRI 9 years after LT showing a newly developed 0.6 cm cyst at genu of the pancreas (arrow). Biopsy
revealed diagnosis of MANEC. (D) T1-weighted MRI post-gadolinium at the portovenous phase shows multiple liver metastasis.
Biopsy revealed neuroendocrine tumor liver metastasis.
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TABLE 3. Final Diagnosis and Progression of Cysts in All
Patients at the End of Follow-up

Diagnosis Patients, n (%)

Size Changes During
Follow-up

Increase Stable Decrease

Nonspecific
pancreatic cyst

46 (65.7) 24 17 5

Pseudocyst 4 (5.7) 3 0 1
SCA 3 (4.3) 2 0 1
B-IPMN 16 (22.9) 14 0 2*
MANEC 1 (1.4) 0 0 1*

*The size of cysts decreased after EUS and FNA.
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Discussion
Results from our study showed a PCL prevalence of
4% (70/1778) in our OLT patient cohort. This rate
was comparable to that of the general population
(0.7%-44.7%).(2-7) Not surprisingly, this prevalence
was notably lower than previous studies in LT patients
using 3-dimensional T2-weighted MRCP (58.8%-
59.5%)(8) because our detection was based on predomi-
nantly standard contrast-enhanced CT and MR
sequences without MRCP. Our study showed only 1
patient (1/70, 1.4%) who developed malignancy during
the follow-up time of 64 months. This was consistent
with prior population studies examining the malignan-
cy rate of PCLs, with 1 study showing a rate of 0.8%
(14/1735 patients) and another 3.6% (4/112 patients)
with a follow-up period of 23.4 months (mean) and
72.3 months (median).(10,17) Likewise, the low rate of
malignant transformation of B-IPMN was also in
keeping with that reported in the general popula-
tion(18-22) and solid organ transplant recipi-
ents.(9,10,23,24) These findings were also similar to that
of Gill et al. whose study of B-IPMN showed no dif-
ference in malignant transformation rate between the
normal population and solid organ transplant recipi-
ents.(22) Our study, however, provided additional evi-
dence with much longer-term follow-up (64 versus 29
months).

For the general population, many professional socie-
ties have proposed guidelines for the manage-
ment(10,14,23,25) of incidental PCLs.(14,18,23,25-28) The
same general guidelines that have been used at our
institution appeared to have succeeded in yielding a
low-risk population, which did not have an increased
malignant transformation rate compared with the gen-
eral population despite OLT and immunosuppression.
The fact that there was only 1 case of malignancy in
our cohort that appeared only after 9 years after OLT
also argues against immunosuppression being a con-
tributing factor (Fig. 2). Therefore, similar to the gen-
eral population, most small cysts are benign in
behavior, including B-IPMNs. Presence of these
lesions should not preclude OLT candidacy. While
awaiting transplantation, the lesions are already closely
monitored, and after transplantation routine monitor-
ing is adequate because there is no increase risk for
malignancy despite immunosuppression.

Limitations of our study included the single institu-
tion retrospective nature of the study, lack of standard-
ized imaging modality or frequency, and lack of
pathological diagnosis for all cysts. The strengths of

our study, however, were the relatively large OLT
cohort and long follow-up time.

In conclusion, small incidental PCLs with low
malignant potential, including B-IPMNs, displayed an
indolent behavior in our cohort of OLT patients
despite longterm immunosuppression.

REFERENCES

1) Agopian VG, Petrowsky H, Kaldas FM, Zarrinpar A, Farmer

DG, Yersiz H, et al. The evolution of liver transplantation dur-

ing 3 decades: analysis of 5347 consecutive liver transplants at a

single center. Ann Surg 2013;258:409-421.

2) de Jong K, Nio CY, Hermans JJ, Dijkgraaf MG, Gouma DJ,

van Eijck CH, et al. High prevalence of pancreatic cysts detected

by screening magnetic resonance imaging examinations. Clin

Gastroenterol Hepatol 2010;8:806-811.

3) Laffan TA, Horton KM, Klein AP, Berlanstein B, Siegelman

SS, Kawamoto S, et al. Prevalence of unsuspected pancreatic

cysts on MDCT. AJR Am J Roentgenol 2008;191:802-807.

4) Lee KS, Sekhar A, Rofsky NM, Pedrosa I. Prevalence of inci-

dental pancreatic cysts in the adult population on MR imaging.

Am J Gastroenterol 2010;105:2079-2084.

5) Lee SH, Shin CM, Park JK, Woo SM, Yoo JW, Ryu JK, et al.

Outcomes of cystic lesions in the pancreas after extended follow-

up. Dig Dis Sci 2007;52:2653-2659.

6) Zhang XM, Mitchell DG, Dohke M, Holland GA, Parker L.

Pancreatic cysts: Depiction on single-shot fast spin-echo MR

images. Radiology 2002;223:547-553.

7) Girometti R, Intini S, Brondani G, Como G, Londero F,

Bresadola F, et al. Incidental pancreatic cysts on 3D turbo spin

echo magnetic resonance cholangiopancreatography: prevalence

and relation with clinical and imaging features. Abdom Imaging

2011;36:196-205.

8) Girometti R, Intini SG, Cereser L, Bazzocchi M, Como G, Del

Pin M, et al. Incidental pancreatic cysts: a frequent finding in

liver-transplanted patients as assessed by 3D T2-weighted turbo

spin echo magnetic resonance cholangiopancreatography. JOP

2009;10:507-514.

9) Ngamruengphong S, Seeger KM, McCrone LM, Moris M,

Garrison SJ, Pungpapong S, et al. Prevalence and outcomes of

cystic lesion of the pancreas in immunosuppressed patients with

solid organ transplantation. Dig Liver Dis 2015;47:417-422.

10) Lennon AM, Victor D, Zaheer A, Ostovaneh MR, Jeh J, Law

JK, et al. Liver transplant patients have a risk progression similar

to that of sporadic patients with branch duct intraductal papillary

mucinous neoplasms. Liver Transpl 2014;20:1462-1467.

11) Federle MP, McGrath KM. Cystic neoplasms of the pancreas.

Gastroenterol Clin North Am 2007;36:365-376.

12) Choi JY, Kim MJ, Lee JY, Lim JS, Chung JJ, Kim KW, Yoo

HS. Typical and atypical manifestations of serous cystadenoma of

the pancreas: imaging findings with pathologic correlation. AJR

Am J Roentgenol 2009;193:136-142.

13) Pitman MB, Layfield LJ. Guidelines for pancreaticobiliary cytol-

ogy from the Papanicolaou Society of Cytopathology: a review.

Cancer Cytopathol 2014;122:399-411.

14) Sahani DV, Kambadakone A, Macari M, Takahashi N, Chari S,

Fernandez-del Castillo C. Diagnosis and management of

cystic pancreatic lesions. AJR Am J Roentgenol 2013;200:343-

354.

15) Brugge WR, Lewandrowski K, Lee-Lewandrowski E, Centeno

BA, Szydlo T, Regan S, et al. Diagnosis of pancreatic cystic

VIDHYARKORN ET AL. LIVER TRANSPLANTATION, March 2017

328 | ORIGINAL ARTICLE



neoplasms: a report of the cooperative pancreatic cyst study. Gas-

troenterology 2004;126:1330-1336.

16) Kalb B, Sarmiento JM, Kooby DA, Adsay NV, Martin DR.

MR imaging of cystic lesions of the pancreas. Radiographics

2009;29:1749-1765.

17) Ahn DW, Lee SH, Kim J, Yoon WJ, Hwang JH, Jang JY, et al.

Long-term outcome of cystic lesions in the pancreas: a retrospec-

tive cohort study. Gut Liver 2012;6:493-500.

18) Arlix A, Bournet B, Otal P, Canevet G, Thevenot A, Kirzin S,

et al. Long-term clinical and imaging follow-up of nonoperated

branch duct form of intraductal papillary mucinous neoplasms of

the pancreas. Pancreas 2012;41:295-301.

19) Rautou PE, L�evy P, Vullierme MP, O’Toole D, Couvelard A,

Cazals-Hatem D, et al. Morphologic changes in branch duct

intraductal papillary mucinous neoplasms of the pancreas: a mid-

term follow-up study. Clin Gastroenterol Hepatol 2008;6:807-

814.

20) Tanno S, Nakano Y, Nishikawa T, Nakamura K, Sasajima J,

Minoguchi M, et al. Natural history of branch duct intraductal

papillary-mucinous neoplasms of the pancreas without mural

nodules: long-term follow-up results. Gut 2008;57:339-343.

21) L�evy P, Jouannaud V, O’Toole D, Couvelard A, Vullierme MP,

Palazzo L, et al. Natural history of intraductal papillary mucinous

tumors of the pancreas: actuarial risk of malignancy. Clin Gastro-

enterol Hepatol 2006;4:460-468.

22) Gill KR, Pelaez-Luna M, Keaveny A, Woodward TA, Wallace

MB, Chari ST, et al. Branch duct intraductal papillary mucinous

neoplasm of the pancreas in solid organ transplant recipients.

Am J Gastroenterol 2009;104:1256-1261.

23) Berland LL, Silverman SG, Gore RM, Mayo-Smith WW,

Megibow AJ, Yee J, et al. Managing incidental findings on

abdominal CT: white paper of the ACR incidental findings com-

mittee. J Am Coll Radiol 2010;7:754-773.

24) Dorfman V, Verna EC, Poneros JM, Sethi A, Allendorf JD,

Gress FG, et al. Progression of incidental intraductal papillary

mucinous neoplasms of the pancreas in liver transplant recipients.

Pancreas 2016;45:620-625.

25) Tanaka M, Fern�andez-del Castillo C, Adsay V, Chari S, Falconi

M, Jang JY, et al.; for International Association of Pancreatology.

International consensus guidelines 2012 for the management of

IPMN and MCN of the pancreas. Pancreatology 2012;12:183-

197.

26) Dewhurst CE, Mortele KJ. Cystic tumors of the pancreas: imag-

ing and management. Radiol Clin North Am 2012;50:467-486.

27) Buerke B, Domagk D, Heindel W, Wessling J. Diagnostic and

radiological management of cystic pancreatic lesions: important

features for radiologists. Clin Radiol 2012;67:727-737.

28) Nougaret S, Reinhold C, Chong J, Escal L, Mercier G, Fabre

JM, et al. Incidental pancreatic cysts: natural history and diagnos-

tic accuracy of a limited serial pancreatic cyst MRI protocol. Eur

Radiol 2014;24:1020-1029.

LIVER TRANSPLANTATION, Vol. 23, No. 3, 2017 VIDHYARKORN ET AL.

ORIGINAL ARTICLE | 329


