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Background: Pancreatic cystic lesions (PCLs) are occasionally found in solid organ
transplant (SOT) recipients. In such recipients, the risk of cancer is increased due to
immunosuppressive therapy. This study investigated the prevalence of PCLs and described their clinical course in immunosuppressed patients following SOT.
Methods: The presence of PCLs in a retrospective cohort of 805 consecutive SOT recipients from 2009 to 2019 was examined. The characteristics of PCLs were compared
using initial and follow-up imaging, where available. These results were compared to
an age- and sex-matched immunocompetent control group monitored for at least 12
months.
Results: PCLs were present in 15 of 805 SOT patients (seven liver and eight kidney
transplantations). The median diameter of the largest lesion was 20 mm (range, 0.2–60
mm) and 60% of lesions were benign. During follow-up imaging, the cyst size remained
stable in 46.7%, increased in 13.3%, and decreased in 40.0% of the SOT group. Significantly more of the SOT patients showed PCL size reductions (P=0.007). Among SOT
patients diagnosed with intraductal papillary mucinous neoplasms (6/15), worrisome
features were noted in one patient at the time of cyst diagnosis. Differences in the development of worrisome features between the study and control groups were not statistically significant.
Conclusions: The malignant transformation of PCLs in SOT recipients is rare and most
such PCLs can be managed conservatively. The presence of a PCL should therefore not
affect transplant eligibility.
Keywords: Pancreatic cyst; Organ transplantation; Immunosuppression therapy;
Pancreatic neoplasms

INTRODUCTION
Due to the high quality of cross-sectional imaging tools,
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incidental pancreatic cystic lesions (PCLs) are now diagnosed more frequently [1]. PCLs are detected in 2%–45%
of the general population [2-5], with PCL classification
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HIGHLIGHTS
• In solid organ transplantation patients, the risk of cancer is increased due to immunosuppressive therapy.
• When comparing pancreatic cystic lesions between a
solid organ transplantation group and a normal control
group, there was no significant difference in the development of worrisome features.
• The presence of a pancreatic cystic lesion should not
affect transplant eligibility.

and management differing by type of lesion [6-9] (Fig.
1). Due to the high rate of adverse events, especially the
spread of malignancy, cytology brush or endoscopic ultrasound-guided fine-needle aspiration is not recommended
for PCL. The diagnosis and evaluation of PCLs, therefore,
still depend on imaging studies [10-13].
The histologic classification of PCLs includes benign,
premalignant, and malignant. For premalignant or malignant PCL lesions—including intraductal papillary mucinous neoplasms (IPMN), mucinous cystic neoplasms
(MCN), serous cystic neoplasms (SCN), solid pseudopapillary neoplasms, and cystic neuroendocrine tumors—
appropriate imaging follow-up and precise evaluation of
worrisome features (WFs) are needed. MCN and IPMN,
which have features associated with a high risk for malig-

nancy, and symptomatic PCLs (i.e., lesions causing gastrointestinal symptoms or jaundice due to effects of the
mass) should be considered for surgical resection [1,14],
albeit using slightly different surgical guidelines [8,9].
Patients undergoing solid organ transplantation (SOT)
receive immunosuppressant drugs, and several epidemiological studies have demonstrated an increased incidence
of various cancers among transplant recipients due to
poor immune control of known oncogenic infections, loss
of immune surveillance, or carcinogenic effects of immunosuppressive medications [15-17].
Although there have been reports on the malignancy
potential of PCLs in SOT patients in Western countries,
this appears to be the first report in Asia on this topic
[15,18,19]. This study investigated the prevalence of PCLs
and described their clinical course in immunosuppressed
patients following SOT. Specifically, this study focused on
whether immunosuppressed post-SOT patients had more
frequent malignant transformations of PCLs than nonSOT patients diagnosed with PCLs.

METHODS
This retrospective study conformed with the ethical
guidelines of the Declaration of Helsinki and was approved by Institutional Review Board of Korea University
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Fig. 1. Type of pancreatic cystic lesions. (A,
B) Serous cystadenoma. (C) Mucinous cystic
neoplasm (MCN) (H&E, ×200). (D) Intraductal
papillary mucinous neoplasm (IPMN) (H&E,
×200).
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College of Medicine (IRB No. 2014AN0285). Informed
consent was waived by the Institutional Review Board.
This study retrospectively reviewed medical records
and imaging studies of patients who received SOT and
were also diagnosed with PCLs (the SOT group) at the
Korea University Medical Center from 2009 to 2019. PCL
diagnosis was confirmed by a manual review of imaging.
Patients who had previously been diagnosed with pancreatic cancer, had imaging findings of high-risk stigmata (HRS) or WFs, had a history of chronic pancreatitis
(because PCLs in these patients are more likely to be
pseudocysts than cystic neoplasms), or were under age
19 were excluded. The included patients were compared
with an immunocompetent control group of patients diagnosed with PCLs who did not undergo SOT and were
monitored for at least 12 months. Age and sex were
matched between the two groups.
Immunosuppression
Almost all SOT patients received tacrolimus for immunoTable 1. Clinical characteristics of solid organ transplant recipients
diagnosed with pancreatic cystic lesions
Characteristic

Recipient (n=15)

Sex
Male
Female
Age (yr)

10
5
48.33±10.18

Transplantation type
Liver

7

Kidney

8

Donor type
Deceased
Living

10
5

Timing of diagnosis
Pretransplant

6

Posttransplant

9

Type of immunosuppression
Tacrolimus

13

Cyclosporine

1

Other

1

Type of PCL
IPMN

6

SCA

4

Pseudocyst

4

MCN

1

PCL, pancreatic cystic lesion; IPMN, intraductal papillary mucinous
neoplasm; SCA, serous cystadenoma; MCN, mucinous cystic neoplasms.
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suppression (Table 1). At our center, all patients receive
a triple therapy for immunosuppression following transplantation, including a calcineurin inhibitor, mycophenolate, and steroids, with the steroids tapered down over 3
months. In the study group, there was one patient who
also received sirolimus following liver transplantation (LT).
Imaging Analysis
Computed tomography or magnetic resonance images of
both preoperative workups and postoperative follow-ups
for all SOT patients were reviewed to identify PCLs, which
were diagnosed by abdominal radiologists. An imaging
diagnosis of SCN was made for lesions composed of a
cluster of numerous small cysts with or without a central
scar, calcified or noncalcified [15]. Lesions were classified as MCN when a unilocular cyst of up to 3 cm, with or
without mild septation, mural thickening, or enhancement,
was seen without communication with the pancreatic
duct [15]. A diagnosis of branch duct type IPMN (BDIPMN) indicated the presence of at least one pancreatic
cyst greater than 5 mm that clearly communicated with
pancreatic ducts via a non-dilated (<5 mm) main pancreatic duct (MPD) [1,15]. MPD involvement was considered
as probable if the duct’s diameter was greater than 5 mm
without duct obstruction [1,15].
The size of PCLs was defined as the longest axial diameter of the largest PCL. The images compared were
those taken immediately before the operation in the control group and the earliest images taken following transplantation in the SOT group, who were being monitored
for PCLs. HRS and WFs were defined by the 2017 Fukuoka
Consensus Guidelines [8]. HRS were considered highly
likely to be malignancies, and lesions with HRS were recommended for resection. WFs were considered indicators
of potential malignancy. HRS included jaundice, enhancing mural nodules of at least 5 mm, and MPD dilatation of
at least 10 mm. Cysts of at least 3 cm, enhancing mural
nodules less than 5 mm, thickened or enhancing cyst
walls, main duct size of 5–9 mm, lymphadenopathy, an increased serum level of CA-19-9, and a cyst growth rate of
at least 5 mm in 2 years were among the WFs. All patients
diagnosed with PCL in the study group were followed up
after transplantation.
Statistical Analysis
A descriptive analysis of cross-sectional imaging was
performed to determine the prevalence of PCLs in our SOT
group. The prevalence of cysts by age, sex, and type of
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Table 2. Baseline characteristics and clinical outcomes of pancreatic
cystic lesions
Characteristic

SOT group

Control group

(n=15)

(n=60)

4 (26.7)

24 (40.0)

Type of PCL
SCA

0.150

MCN

1 (6.7)

3 (5.0)

IPMN

6 (40.0)

29 (48.3)

Pseudocyst

4 (26.7)

4 (6.7)

Number
Single

P-value

0.753
13 (86.7)

50 (83.3)

2 (13.3)

10 (16.7)

6 (40.0)

20 (33.3)

Body

0

17 (28.3)

Tail

9 (60.0)

23 (38.3)

At diagnosis

2.40±2.07

2.01±1.07

0.497

At last imaging

2.00±2.02

1.96±1.22

0.909

2 (13.3)

18 (30.0)

Multiple
Location
Head

0.057

Cyst size (cm)

Cyst change
Increase

0.007

Decrease

6 (40.0)

5 (8.3)

No change

7 (46.7)

37 (61.7)

0

0

Worrisome feature
Cyst symptoma)
Mural nodule
MPD dilatation
Follow-up (mo)

-

0

1 (1.7)

1.000

2 (13.3)

3 (5.0)

0.260

56.40±36.71

41.73±28.80

0.100

Values are presented as number (%) or mean±standard deviation.
SOT, solid organ transplantation; PCL, pancreatic cystic lesion; SCA,
serous cystadenoma; MCN, mucinous cystic neoplasms; IPMN, intraductal
papillary mucinous neoplasm; MPD, main pancreatic duct.
a)
Cyst-abdominal pain or discomfort, bleeding.

SOT was examined. All data was analyzed by the Student
t-test or chi-square test as appropriate, using IBM SPSS
ver. 28 (IBM Corp., Armonk, NY, USA). A P-value less than
0.05 was considered statistically significant.

RESULTS
Patients
The total number of SOT patients in this study was 805
(liver, 237; kidney, 568). Table 1 presents the initial patient
findings. The SOT study group included 15 PCL patients,
while there were 60 PCL patients in the control group. The
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lesion prevalence was 1.86% (15/805) in the study group,
with six patients diagnosed with PCLs before transplantation, and nine after. Two-thirds of the patients diagnosed
with PCLs in the SOT group were male, and the most
commonly used immunosuppressant was tacrolimus.
Morphological Data
In both groups, IPMN was the most common type of PCL,
and most of the PCLs were single lesions (Table 2). The
locations of PCLs were different between the two groups.
In the SOT group, 60% (9/15) of PCLs were in the pancreas tail and 40% (6/15) were located in the pancreas
head. In the control group, 33.3% (20/60), 28.3% (17/60),
and 38.3% (23/60) of PCLs were in the pancreas head,
body, and tail, respectively. A higher proportion of lesions,
therefore, was in the pancreas tail in the SOT group (Table
2). Median diameters of the largest lesions were 2.40 cm
(range, 0.2–60 mm) in the SOT group and 2.01 cm (range,
0.2–60 mm) in the control group.
The median follow-up duration was 56.4 and 41.73
months in the study and control groups, respectively
(Table 2). In follow-up imaging studies, the size of cysts
remained stable in 46.7%, increased in 13.3%, and decreased in 40.0% of the study group. There were therefore
significantly more patients who showed PCL size decreases in the SOT group (Table 2). Among the patients
diagnosed with IPMN (6/15), WFs were noted in one patient at the time of diagnosis. That patient received only
conservative management due to the patient’s multiple
comorbidities. There were no significant differences in
the development of WFs between the study and control
groups (Table 2).

DISCUSSION
This study examined PCLs in patients who underwent
SOT, with the goal of investigating the potential effects of
immunosuppressant administration on malignant transformation. Most of the PCLs in our SOT group did not
change during follow-up. Additionally, WFs were found in
only two study group patients (MPD dilatation) and four
control group patients (mural nodule and MPD dilatation). There were no significant differences in worrisome
IPMN features between the study and control groups.
This suggests that for PCL without WFs, liver and kidney
transplantation patients can be treated conservatively (i.e.,
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without surgical intervention), with only serial imaging
follow-up.
Vidhyarkorn et al. [15] reviewed 1,778 LT patients,
found 70 patients with small incidental PCLs and observed the long-term outcomes of these lesions. Only
one patient was identified as having mixed acinar-neuroendocrine carcinoma after 9 years. Even though the
average size and number of PCLs increased by 4.5 mm
and 1.4 respectively during the follow-up period, the majority of incidental PCLs in the LT patients were stable and
non-malignant despite immunosuppression. In our study,
the size of the cysts remained stable in most patients. In
fact, a significantly higher percentage of SOT patients had
PCL size decreases, a finding we are not able to explain.
Liu et al. [18] reported a PCL prevalence of 6.1%
(53/872) in their cohort of Australian LT patients. Two patients were confirmed as MCN (3.7% of PCLs) and underwent surgical resection without operative complications.
As in our study, the most common PCL was IPMN, and
most lesions had a benign course during the follow-up
period [18].
Lennon et al. [19] explored whether LT recipients
with BD-IPMNs were at higher risk of developing highrisk features than patients with BD-IPMNs who did not
receive a transplant. Twenty-three LT patients with BDIPMN were compared with 274 control patients. The
median length of follow-up was 53.7 and 24.0 months in
LT and control groups, respectively. Four patients in the
study group (17.4%) and 45 patients in the control group
(16.4%) developed high-risk features. There was, therefore, no statistically significant difference in the risk of
developing high-risk features between the two groups
(P=0.99). Multivariate analysis also showed that the malignant progression of BD-IPMNs was associated with
age at diagnosis, but not with LT [19]. They concluded
that there was no statistically significant difference in the
risk of developing high-risk features between the LT and
the control groups [19]. Although multivariate analysis
was not possible in our study due to the small cohort, the
results are similar in suggesting that immunosuppression
following SOT does not accelerate malignancy in PCLs.
This supports conservative treatment and serial imaging
follow-up of PCLs in these patients.
However, there are limitations to this study. The retrospective nature, heterogeneous cohort, small sample
size, and relatively short follow-up time may have limited
the results. Future studies with more patients, longer follow-up times, and only a single type of organ transplan-
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tation are needed to determine the true effect of organ
transplantation in patients with PCLs. PCLs are not uncommon in SOT recipients. In lesions without high-risk
features, the development of features suggesting cancer
risk is rare. These lesions can be managed conservatively,
and their presence should not affect transplant eligibility
or posttransplant management.
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