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A B S T R A C T

Acinar cystic transformation (ACT) is a rare cystic lesion of the pancreas lately reclassified as a non-neoplastic
entity. This is a presentation of a case of ACT and a review of the literature. A systematic PubMed search was
conducted, yielding a result of 24 publications. Including our case report, 75 cases of ACT have been reported in
the literature. The patients are mainly females with initial symptoms of abdominal pain. The cysts are primarily
located in the head of the pancreas and are often multilocular on cross section and have a mean size of 53.2mm.
Microscopically, the cysts are lined by an acinar epithelium with abortive acinar formations. The cells are im-
munohistochemically positive in stains for trypsin, chymotrypsin and CK7. The Ki67-index is low; 1–2 %. No
genetic alterations indicative of a neoplastic pathogenesis have been found. The mean follow up time is 37.4
months and no malignant transformation has been observed. A preoperative diagnosis is difficult to establish,
but microbiopsies seem a promising tool. The indication for surgical intervention should be founded on the
symptoms of the patients since no malignant transformation has ever been reported.

1. Introduction

Acinar cystic transformation (ACT) of the pancreas was first de-
scribed as an incidental autopsy finding in a case report from 2002 and
termed ‘acinar cystadenoma’ [1]. Since then, several case reports have
been published presenting theories of the etiology of this previously
unrecognized neoplasm. The 2019 fifth edition of the WHO classifica-
tion reclassifies ACT as a non-neoplastic cystic lesion [2]. This rare type
of pancreatic cyst poses a diagnostic challenge as a benign differential
diagnosis to pancreatic cysts harboring malignant potential, such as
intraductal papillary mucinous neoplasm (IPMN) or mucinous cystic
neoplasm [3]. A correct diagnosis is important as clinical management
and follow up differ in these conditions. We present a case of ACT,
which by abdominal CT initially was diagnosed as a branch duct IPMN
with worrisome features in the form of a mural nodule and therefore a
distal pancreatectomy was performed. The case description is followed
by a comprehensive literature review and an elaboration upon the re-
cently released 5th edition of “WHO classification of tumors of the di-
gestive system” by focusing on clinicopathological data in order to
characterize the lesion. Furthermore, tools for future diagnosis of ACT
as a benign lesion not necessarily requiring surgical management are
presented.

2. Materials and methods

2.1. Case report

Written consent was obtained from the patient. The resected specimen
was fixed in 10 % neutral-buffered formalin and cross sectioned according
to Verbeke et al. [4]. The whole cystic lesion was embedded in paraffin
and submitted for histology. Four μm thick paraffin sections were cut and
stained with HE, PAS, trypsin, β-catenin, CK7, CK19 and Ki67.

2.2. Literature search

MEDLINE via PubMed was searched using the keywords “acinar cell
cystadenoma”, “acinar cystadenoma”, and “acinar cyst pancreas”
yielding a search result of 80, 90 and 74 publications respectively. The
search results were pooled and initially the abstracts were reviewed. All
types of articles were included with description of patient demo-
graphics, clinical findings and pathology results. A total of 22 pub-
lications were selected based on the abstracts and further reviewed
[1,5–25]. In addition, two publications were identified by manually
screening the reference sections [26,27]. An overview of the studies is
depicted in Table 1. If a case was reported in several publications, the
report with most data was included. Data recorded for the review
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included demographics, clinical findings, treatment, follow up period,
pathology findings, results of immunohistochemistry and molecular
analysis.

3. Results

3.1. Case report

A 57-year-old female, previously diagnosed with fibromyalgia, pre-
sented with abdominal pain with postprandial exacerbation. An ab-
dominal CT scan revealed a 12mm unilocular cyst in the tail of the
pancreas. The cyst had a 6mm intraluminal nodule and no commu-
nication with the main pancreatic duct was observed. The preoperative
diagnosis was a branch-duct IPMN. Because of the suspected mural no-
dule, the patient had a distal pancreatectomy. Gross examination of the
resected specimen revealed a unilocular cyst measuring 15mm with a
content of grainy white material. On microscopic examination the cyst
lumen contained lamellated eosinophilic material (Fig. 1A), and a single
club-like pseudopapilla with a fibrovascular stalk projected into the cyst
lumen (Fig. 1B). The cyst was lined by a cuboidal to columnar acinar
epithelium (Fig. 1C). Abortive acinar formations were seen as well as an
abrupt transition to columnar mucinous epithelium, focally (Fig. 1D).
The cells had eosinophilic granules in the apical part as well as apical
snouts (Fig. 1E). The apical part of the epithelium was PAS positive
(Fig. 1F). The nuclei were uniform without atypia and no mitoses were
seen; the Ki67-index was<1%. Immunohistochemically, the epithelial
lining cells of the cyst stained positive in trypsin, CK7, β-catenin, and
were focally positive in CK19 (Fig. 2, A–D). Positivity for CK19 was not
related to any additional changes in the cytomorphology of the acinar
epithelium as described above. The cells were negative for synaptophysin
and chromogranin. Overall, these findings were consistent with ACT. No
signs of recurrence have been detected four months after surgery.

3.2. Review of literature

A total of 75 patients with ACT have been reported in the literature,
including our case report. The results are summarized in Tables 2 and 3.
The patients are predominantly female with a mean age of 44.8 years.
Abdominal pain has been reported as the most frequent symptom. The
cysts are primarily located in the head of the pancreas with a mean size

of 53.2 mm and they are often multicystic on gross section. Often, the
preoperative diagnosis is that of a branch-duct IPMN. Diabetes mellitus
(not otherwise specified as to subtype) and rare diseases such as sar-
coidosis and Von Hippel-Lindau disease have been reported as co-
morbidities. The mean follow-up was 37.4 months, and no recurrence
or metastases have been reported in any of the cases. By microscopic
examination, the cysts were lined with an acinar epithelium, cuboidal
to cylindrical, with apical eosinophilic granules [1,5–23,25,27], posi-
tive in the PAS-stain [1,7,9,11,13,14,16,21]. When immunohisto-
chemical stains have been applied, positivity in trypsin [1,6–8,10–17,
19,21,22,27] and chymotrypsin [1,6–8,11,12,15–17,21,22] has been
observed as well as positivity in CK7 [6,8–11,13–17,27], β-catenin
[11,16], and lipase [6,16]. CK19 has been reported as somewhat more
patchily positive [6,8,10,11,15,22]. The Ki67-index is ≤1-2%
[6,9–11,13,15–17,27] and the mitotic count is reported as low
[1,7,14,18,21,22]. Rare microscopic features, such as osseous meta-
plasia have been described in four cases [6,11,21,25]. Transmission
electron microscopy of the acinar lining cells reveals electron dense
granules in the apical part of the cytoplasm, corresponding to normal
pancreatic zymogen granules [7].

Singhi et al. [15] tested the clonality of ACT among five female
cases using X-chromosome inactivation analysis of the human androgen
receptor gene. The result was a random X-chromosome inactivation
pattern indicating a non-neoplastic nature of the lesions. Chen et al.
[22] performed Next Generation Sequencing (NGS) on cyst fluid from a
case of ACT and found no detectable mutations. Khor et al. [11] re-
ported copy number gains on submicroscopic regions on chromosomes
1p, 3p, 6p, 7q, 8, 10q, 11, 14, 20 and X. Array comparative genomic
hybridization was only performed in one case with a mural nodule, an
uncommon finding in ACT. Bergmann et al. [27] examined different
foci of ACT and compared them to adjacent normal pancreatic tissue by
mutational analysis of mitochondrial DNA and found no difference
between tumor and normal tissue. Furthermore, KRAS and β-catenin
were without mutations by PCR.

4. Discussion

ACT mainly affects females, is usually indolent but may present with
abdominal pain. The cysts are primarily located in the head of the
pancreas and are often multilocular on gross examination.
Microscopically, they are lined by a characteristic PAS positive acinar
epithelium with immunohistochemical positivity in stains for trypsin,
chymotrypsin and CK7. The entity presents a challenging diagnosis for
the clinician and is often first established after surgery by microscopic
examination of the resected specimen. The consequence for the patient
is heavy – as they may undergo a large surgical procedure with a high
morbidity due to a benign lesion.

The preoperative diagnosis of ACT on imaging modalities is diffi-
cult, and cytological examination of cyst fluid frequently remains in-
conclusive [26]. For example, in our case report, it was discovered that
the intraluminal nodule, which is usually considered to be a worrisome
feature of pancreatic cysts, was a pseudopapilla on microscopic ex-
amination.

A new microbiopsy forceps (MBF) introduced through an endo-
scope, seems both promising in diagnosing ACT prior to surgery and
superior to cytology [22,23]. The epithelial lining of ACT is composed
of acinar cells of either cuboidal or columnar shape. Apical snouts have
been reported and, together with apical eosinophilic granules, remain a
diagnostic clue when interpreting cytological material from fine needle
aspirations or histological materials from MBF. The cuboidal cells can
make the diagnosis difficult due to morphological resemblance with
other cystic neoplasms of the pancreas. A noteworthy differential di-
agnosis is serous cystic neoplasm, where cuboidal cells with no nuclear
atypia can be seen. Recently, an IPMN arising within an ACT has been
reported [19], further highlighting IPMN as a relevant differential di-
agnosis to ACT. IPMN of gastric or pancreaticobiliary subtype may also

Table 1
Overview of the studies included in the literature review.

First author (reference number) Year of publication Number of cases

Albores-Saavedra J. (1) 2002 1
Couvelard A. (5) 2002 1
Zamboni G. (6) 2002 10
Chatelain D. (7) 2002 1
McEvoy MP. (8) 2010 1
Gumus M. (9) 2011 1
Pesci A. (10) 2012 1
Khor TS. (11) 2012 10
Wolf AM. (12) 2013 3
Yergiyev O. (13) 2014 1
Delavaud C. (14) 2014 5
Singhi AD. (15) 2013 8
Wang G. (16) 2016 8
Tanaka H. (17) 2016 1
Cosgrove N. (18) 2016 1
Scott BB. (19) 2016 1
Fahlbusch T. (20) 2018 1
Zhang X. (21) 2017 6
Chen AL. (22) 2017 1
Orr J. (23) 2018 1
Fanget F. (24) 2018 1
Sopha SC. (25) 2018 1
Sigel CS. (26) 2013 5
Bergmann F. (27) 2014 4
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have areas with low columnar or cuboidal epithelium resembling ACT.
Immunohistochemical stains such as MUC5AC, MUC2, MUC6 and CDX2
[28] as well as MUC1 [29] can help distinguish between subtypes of
IPMN and ACT. Lack of nuclear atypia and dysplasia in general is also a
diagnostic clue and the immunohistochemical marker S100p may dif-
ferentiate between dysplastic and non-dysplastic epithelium [30].

Since the first description of ACT, the neoplastic nature of this cystic
lesion has been questioned, and the currently used term was first in-
troduced by Couvelard et al. [5]. On a molecular level the neoplastic
nature of ACT has been questioned and both X-chromosome inactiva-
tion analysis, NGS and mutational analysis of mitochondrial DNA point
to a non-neoplastic origin of ACT, albeit the analyses have been

Fig. 1. A, Overview of acinar cystic transfor-
mation containing eosinophilic lamellated se-
cretions, scalebar: 1 mm. B, Club-like pseudo-
papilla with a fibrovascular stalk, scalebar:
500 μm. C, The cyst is lined by an acinar epi-
thelium with abortive acinar formations, sca-
lebar: 100 μm. D, Abrupt transition to muci-
nous epithelium, scalebar: 100 μm. E, The
acinar epithelial cells have apical snouts, sca-
lebar: 50 μm. F, Apical part of the epithelium
contains zymogen granules positive in the PAS-
strain, scalebar: 50 μm.

Fig. 2. Scalebar: 100 μm. The immunohistochemical stains depicted correspond to panel C and E Fig. 1. A, Acinar epithelial cells show immunohistochemical
positivity in CK7. Centroacinar cells in the underlying normal pancreatic tissue are CK7 positive. B, The cells are focally positive for CK19. C, Immunohistochemical
positivity for the pancreatic enzyme trypsin is seen in the lining cells of the cyst. D, Furthermore, the cells stain positive for β-catenin in the cell membranes.
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performed on a small set of samples as previously described. The
mixture of normal duct epithelium or mucinous epithelium with acinar
epithelium has been suggested to indicate a cystic transformation
where the pancreatic acini dilate and fuse with smaller ductules and
subsequent larger ducts [15]. The etiology of the expansion into larger
cystic spaces may present as a proximal obstructive lesion. ACT-like
changes have been seen concomitant with microscopic periductal
pancreatic neuroendocrine tumors and pancreatic ductal adenocarci-
noma [21]. The presence of synchronous pathological changes in the
vicinity of ACT may suggest a need to perform extensive sampling
during gross examination of the surgical specimen to identify a poten-
tial source of a proximal obstructive lesion. Or on the contrary it could
highlight the diagnosis of ACT as a coincidental finding. In our case
report we did not locate any pathological changes in the remaining
pancreatic tissue. Furthermore, our patient had previously been diag-
nosed with fibromyalgia, a diagnosis usually given after comprehensive
clinical examination – a common feature of several of the comorbidities
listed in Table 2 and therefore we consider our case of ACT an in-
cidental finding. In addition, it is established, that extensive use of
cross-sectional imaging has increased the incidence of pancreatic cysts
in general [31].

In conclusion, ACT is a benign lesion and, although rare, should be
considered as a differential diagnosis when dealing with cystic lesions
in the pancreas. A microbiopsy may be advantageous in distinguishing
between ACT and a lesion with malignant potential. This is important to

avoid unnecessary surgery of ACT, the indication of which should be
based solely on the symptoms of the patient.
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Table 2
Patient demographics. Total number of patients (n) reported in the category in
brackets.

Gender (n= 75) Male 22 (29 %)
Female 53 (71 %)

Age, mean (range) years, (n= 75) 44.8 (9–68)
Symptoms (n= 58) Abdominal pain 41 (71 %)

Abdominal discomfort (including,
diarrhea, vomit, dyspepsia,
constipation, distension, early satiety) 12
(21 %)
Weight loss 5 (9 %)
Jaundice 1 (2 %)
Polyarthralgia 1 (2 %)
Incidental finding 10 (17 %)
Multiple symptoms 12 (21 %)

Comorbidities (n= 44) Metabolism:
Diabetes 8 (18 %)
Struma 2 (5 %)
Cardiovascular disease:
Myocardial infarction 1 (2 %)
Coronary artery disease 3 (7 %)
Hypertension 1 (2 %)
Chronic obstructive pulmonary disease 2
(5 %)
Neoplastic disease:
Renal cell carcinoma 2 (5 %)
Pulmonary carcinoma 1 (2 %)
Breast cancer 1 (2 %)
Neuroendocrine tumor in pancreas 3 (7
%)
Intraductal papillary adenoma 2 (5 %)
Autoimmune and infectious disease:
Rheumatoid arthritis 1 (2 %)
Sarcoidosis 1 (2 %)
Fibromyalgia 1 (2 %)
Von Hippel-Lindau 1 (2 %)
Nephritis 1 (2 %)
Acute pancreatitis 1 (2 %)
Acute appendicitis 1 (2 %)
Tuberculosis 1 (2 %)
Pneumonia 1 (2 %)
Multiple comorbidities: 7 (16%)
No comorbidities reported: 16 (36 %)

Disease free follow up, mean (range)
months (n= 45)

37.4 (2–120)

Table 3
Tumor characteristics and surgical approach. Total number of patients (n) re-
ported in the category in brackets.

Location, (n= 74) Head 37 (50 %)
Body 13 (17 %)
Tail 14 (19 %)
Diffuse/entire pancreas 8 (11 %)
Extrapancreatic 2 (3 %)

Size, mean (range) mm, (n= 70) 53.2 (5–197)
gross section (n= 70) Unilocular 29 (41 %)

Multilocular 41 (59 %)
Communication with main

pancreatic duct (n= 32)
5 (16 %)

Calcifications (n= 11) 8 (73 %)
Mural nodules (n= 25) 9 (36 %)
Preoperative diagnosis (n=37) IPMN/BD-IPMN 11 (30 %)

Serous cystic neoplasm 2 (5 %)
Mucinos cyst 6 (16 %)
ACT 1 (3 %)
Unspecified cystic lesion 10 (27 %)
malignant cyst 1 (3 %)
pancreatic neuroendocrine tumor 1 (3 %)
pseudocyst 1 (3 %)
secondary finding to other pancreatic
neoplasm 4 (11 %)

Cytology (n= 21) Non diagnostic 9 (43 %)
No malignant cells 5 (24 %)
Blood only 2 (9 %)
Mucinous neoplasm 2 (9 %)
Neoplastic cells 1 (5 %)
Neuroendocrine neoplasm 1 (5 %)
Suspicious for adenocarcinoma 1 (5 %)

Surgical intervention (n= 54) Pancreatoduodenectomi (whipple) 29 (53 %)
Distal pancreatoduodenectomy 17 (31 %)
Middle pancreatectomy 2 (4 %)
Laparascopic caudal pancreatectomy 1 (2 %)
Internal drainage 1 (2 %)
Laparatomic resection of tumor 1 (2 %)
Laparascopic resection of tumor 1 (2 %)
No surgery 2 (4 %)

ACT: Acinar Cystic Transformation, BD-IPMN: Branch Duct Intraductal
Papillary Mucinous Neoplasm.
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