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Background: Solid organ transplant recipients have an increased risk of cancer due to immunosuppressive
therapy. Pancreatic cystic lesions are increasingly being detected, some with malignant potential. We
aimed to determine the prevalence of these lesions and describe their clinical course in these patients.
Methods: We identified the presence of pancreatic cystic lesions in a retrospective cohort of 3188 consec-
utive solid organ transplant recipients from 2000 to 2013 and compared lesion characteristics at initial
and follow-up imaging, when available.

Results: Lesion prevalence was 11.4% (365/3188), and increased with age. Median diameter of the largest
lesions was 7 mm (range: 1-31 mm). We noted worrisome features in two patients (0.54%) at the time of
cyst diagnosis. Of 155 patients who underwent follow-up imaging, the cysts size remained stable in 80%,
increased in 16%, and decreased in 4%. Two patients (1.3%) developed features concerning for cancer. One
underwent pancreatic surgery, and pathology confirmed the presence of high-grade dysplasia. The other
continued with conservative management due to multiple comorbidities.

Conclusions: Pancreatic cystic lesions are common in solid organ transplant recipients. In lesions with-
out high-risk features, the development of features worrisome for cancer is rare. These lesions can be
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managed conservatively, and their presence should not affect transplant eligibility.
© 2015 Editrice Gastroenterologica Italiana S.r.l. Published by Elsevier Ltd. All rights reserved.

1. Introduction

Solid organ transplantation (SOT) is a lifesaving procedure in
patients with end-organ diseases. Based on Organ Procurement and
Transplantation Network data, in 2013 a total of 28,954 transplants
were performed in USA. Although recipient survival rates have
improved considerably over time, chronic immunosuppressive
therapy administered to prevent graft rejection results in substan-
tial morbidity. Malignancy is one of the most common causes of
mortality after transplantation [1].

Pancreatic cystic lesions (PCL) have been increasingly recog-
nized due to widespread use of high quality imaging techniques.
The prevalence of pancreatic cysts has been estimated to be 3-14%
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based on imaging studies [2-4]. Their spectrum is widely vari-
able and includes benign, premalignant and malignant pathologies.
Among resected cysts, serous cystic neoplasms (SCNs) (32-39%),
mucinous cystic neoplasms (MCNs) (10-45%), and intraductal pap-
illary mucinous neoplasm (IPMNs) (21-33%) represent the majority
of the cases encountered in practice [5,6]. Their malignant potential
varies according to histologic type. SCNs have a benign natural his-
tory and do not require surgical resection, unless symptomatic. In
contrast, IPMNs and MCNs are considered neoplasms with malig-
nant potential. [IPMNs that involve the main pancreatic duct have
a higher malignant potential compared to the branch duct IPMNs
(BD-IPMNSs) [7]. Although SCNs, BD-IPMNSs, and main duct IPMNs
have typical imaging features that can be readily distinguished
from other types of PCL, current diagnostic tests cannot reliably
differentiate between benign and potentially malignant cysts [8].
Several epidemiologic studies have demonstrated an increased
incidence of various cancers among transplant recipients as a result
of poor immune control of known oncogenic infection, loss of
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immune surveillance, or carcinogenic effects of immunosuppress-
ive medications [9]. Because a significant proportion of PCL have
malignant potential, there have been concerns that immunosup-
pression may accelerate their malignant transformation. To date,
the natural history of PCLin organ transplant recipients is unknown.
Furthermore, there are limited data on the prevalence of pancreatic
cysts in organ transplant recipients. There are established guide-
lines for the management of PCL based on the risk of developing
a malignancy [7,10]. However, it is unclear whether the frequency
of disease progression and malignant transformation in immuno-
suppressed patients is similar to that of the general population and
whether published guidelines are applicable to transplant recipi-
ents.

The aims of this study were to determine the prevalence of inci-
dental PCL in the SOT population and describe their clinical course
in patients on chronic immunosuppressive therapy.

2. Materials and methods

This study was approved by the Mayo Clinic Institutional Review
Board.

Using databases of the Department of Transplant at Mayo Clinic
Florida, we retrospectively reviewed medical records of all patients
who received a SOT (n=3893) [liver or combined liver-kidney
(n=2190), kidney (n=1099), heart (n=203), or lung (n=401) trans-
plant] between January 2000 and August 2013. Of these, 3226
underwent cross-sectional imaging [computed tomography (CT)
scan, MRI, or endoscopic ultrasound (EUS)]. Records of cross-
sectional imaging were searched for the diagnosis of pancreatic
cysts. We also manually reviewed radiographic imaging to confirm
the presence of PCL.

Thirty-eight patients were excluded from the analysis because
of clinical and/or imaging features of pancreatic pseudocysts, symp-
toms related to the pancreas, history of pancreas transplantation
or pancreatic cancer, previous pancreatic surgery, or a diagnosis of
chronic pancreatitis (because PCL in these patients are more likely
to be pseudocysts than cystic neoplasm). This left 3188 patients for
analysis.

2.1. Data acquisition

We recorded demographic information, including date and type
of SOT, presence of symptoms attributable to PCL, and laboratory
data, including cyst fluid analysis and cytology, when available.
Baseline information on the cystic lesions, including date of exam-
ination, size, location, and development of features concerning for
malignancy (see below) was recorded.

2.2. Study definitions

The cysts were measured at their largest diameter on cross-
sectional imaging. Pancreatic duct dilatation was considered
present if the main pancreatic duct was >6 mm in diameter. MCNs
were diagnosed when macrocystic lesions, sometimes with sep-
tations and wall calcifications and without any demonstrable
communication to the main pancreatic duct were present. BD-
IPMNs were diagnosed when an imaging study showed one or more
pancreatic cysts communicating with the main pancreatic duct,
grape-like cyst shape, or pathology, when available. SCNs were
diagnosed when the cysts were microcystic or honeycombed with
a central scar or sunburst calcification on imaging or EUS. In the
absence of typical imaging features, the lesions were considered
“indeterminate”.

For cystic lesions suspicious for IPMN, the following criteria
were used as risk factors of malignant pancreatic cysts, so called
“high-risk stigmata”, including enhanced solid component and

main pancreatic duct size of >10mm, or “worrisome features”,
including thickened enhanced cyst walls, non-enhanced mural
nodules, abrupt change in the main pancreatic duct calibre with
distal pancreatic atrophy, main pancreatic duct size of 5-9 mm and
lymphadenopathy” [10]. An increase in cyst size was also recorded,
although it is still debatable as to whether an increase in size alone
is a risk factor for malignant evolution [11,12].

2.3. Follow-up outcome

We evaluated outcomes of patients with pancreatic cysts >5 mm
in maximal size that had follow-up imaging after SOT (n=155).
We excluded patients with cystic lesions when follow-up post-
transplant imaging was not available for comparison (n=113), as
well as patients with cysts <5mm in size (n=97) from outcome
analysis. For the lesions <5 mm, it is difficult to differentiate pan-
creatic intraepithelial neoplasia from IPMN. Therefore, we chose to
evaluate clinical outcomes of patients with pancreatic cysts >5 mm.
None of these excluded patients showed worrisome features at the
time of cyst diagnosis. Follow-up imaging consisted of CT, MRI, or
EUS with or without fine-needle aspiration (FNA). The sizes of the
largest cyst at diagnosis and at the latest imaging study were com-
pared. We used the same imaging modality whenever possible for
purposes of comparison. Interval changes of the maximum cystic
diameter and the development of worrisome features during the
observation periods were recorded. Cyst size was considered to
have changed if there was a difference of more than 5 mm.

Follow-up was defined as the time between the diagnosis of PCL
and one of the following end points: (1) the first imaging showing
sign of worrisome features/high-risk stigmata of malignancy; (2)
pancreatic surgery for pancreatic cyst(s); (3) last imaging test in
patients with an uneventful follow-up.

2.4. Statistical analyses

We performed a descriptive analysis to determine the preva-
lence of incidental pancreatic cysts in our SOT population
undergoing cross-sectional imaging. For normally distributed vari-
ables, means and (+) standard deviation were reported, whereas
for non-normal data we reported medians and interquartile ranges
(IQR). The prevalence of cysts by age, race, sex, and type of SOT was
examined. Statistical comparisons were performed using Student’s
t test, chi-squared test, Fisher’s exact test, and Mann-Whitney
U test, as appropriate. The Pearson Correlation coefficient was
calculated to measure the strength of correlation between the
prevalence of pancreatic cyst and age, and cyst size and age. For
patients with multiple cystic lesions, the data from the largest cyst
was used in the analysis. All data were analyzed using SPSS Statis-
tics software (version 16; SPSS Inc., Chicago, Illinois, USA). A p value
<0.05 was considered statistically significant.

3. Results

A total of 3188 patients met the selection criteria. The mean
age of these patients was 55 years (£11.7) and 1119 (31%) were
female. Overall, 11.4% (365/3188) of the patients had at least one
incidental PCL detected in the imaging studies. The clinical data of
patients with pancreatic cysts are shown in Table 1.

The prevalence of PCL increased with age from 1.9% in patients
younger than 29 years to 18.5% in patients who were 70 years and
older (r=0.99, p<0.001). Patients with incidental PCL were signif-
icantly older than those without incidental PCL (59.5 +9.3 years
vs. 55.1+11.4 years; p<0.001). The prevalence of PCL in female
patients (14.7%) was 1.5 times higher than in male patients (9.7%)
(p<0.001). No racial difference in prevalence was noted (p=0.07).
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