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Abstract

Background: Biliary Cystadenomas (BCA) are considered to be benign but may transform to Biliary

Cystadenocarcinomas (BCAC). The aim of this systematic review was to assess the diagnostic work-up

and necessity of complete surgical resection.

Method: A systematic literature search was performed in Embase.com, Medline (Ovid), Cochrane

Central, Web-of-Science and Google Scholar. Articles reporting on diagnostic work-up or outcome of

various treatment strategies were included.

Results: Fifty-one articles with 1218 patients were included: 971 with BCA and 247 with BCAC. Pa-

tients with BCA were more often female (91% vs 63.8%, p < 0.001). On radiologic imaging BCAC more

often had calcifications (p = 0.008), mural nodules (p < 0.001) and wall enhancement (p < 0.001). Re-

ported treatment strategies were resection, enucleation, or fenestration/marsupialization. Recurrence

was reported in 5.4% after resection for BCA and 4.8% after resection for BCAC. Recurrence after

fenestration/marsupialization varied from 81.6% to 100% for both BCA as BCAC. Mortality rate was 0 in

patients with BCA and 24% in BCAC.

Conclusion: Due to the difficulty in accurately diagnosing these biliary cystic lesions and the availability

of different surgical approaches, patients with suspected BCA or BCAC should be treated in a center

specialized in liver surgery with state-of-the-art imaging and all surgical techniques to prevent

mismanagement of this rare disease.
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Introduction

Biliary Cystadenomas (BCA) and biliary cystadenocarcinomas
(BCAC), are rare complex cystic tumors that may arise within
the biliary system of the liver or in the extrahepatic bile ducts
including gallbladder (90 vs 10%, respectively).1 Liver cysts are
the most frequent liver lesions with an estimated frequency of
20% of the general population and less than 5% of all liver
1 Shared first authorship.
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cysts are considered BCA.2 BCA are considered to be benign,
however literature suggests that up to 20% can transform to
BCAC.2–4 Due to the rarity of the disease, pathogenesis is still
unclear and predictors of malignant behavior are yet to be
discovered.
BCA almost exclusively occur in middle aged women3,5,6 while

BCAC appear to be more evenly distributed between men and
women.7 The average age at which BCA is diagnosed lies around
45 years compared to 55 for BCAC.3,8 Patients with BCA most
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.
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often present with abdominal pain or discomfort9 but jaun-
dice,10–12 nausea and vomiting have also been reported.13

Computed Tomography (CT) and Magnetic Resonance Im-
aging (MRI) are most commonly used in diagnosing BCA. Using
CT-scanning only, it may be difficult to differentiate simple cysts
with septations from BCA. Several studies indicate that with
Contrast Enhanced UltraSonography (CEUS) imaging features
of cystic and cystic like focal liver lesions can be identified that
may be helpful in differentiating simple cysts with septations
from BCA (C), whereas conventional UltraSonography is not
reliable to make this differentiation.14,15 Biomarkers such as
CA19-9, CA12-5, CEA and AFP may be elevated in both BCA
and BCAC.16–20

For a definite BCA diagnosis histologic examination is
required, showing multilocular, cystic lesions with thin walls.
BCA are lined by cuboidal to columnar epithelium and have
dense cellular ovarian-like stromata (OS).3 In 2010 the World
Health Organization (WHO) established that OS is a require-
ment for diagnosis and that it should be considered to rename
the lesions to Mucinous Cystic Neoplasms (MCN).21 The cysts
are septated and contain mucinous or serous fluid.6 They have
been reported to appear more often in the left hemiliver10,22 and
range in size from 1 cm to 40 cm.9

BCA are considered to be slow growing tumors.6,23 Because of
the possible malignant transformation, additional diagnostic
tests like biopsy or definitive treatment by resection is recom-
mended. It is still open for discussion which treatment modality
is preferable in case of BCA and options may vary from surgical
resection to fenestration, marsupialization and drainage.9,18,24,25

Literature suggests resection of every suspected BCA is currently
recommended,3,26,27 because other treatment options are
correlated with a high recurrence rate.16 However, as not every
BCA will transform to BCAC, treatment of these lesions by
complex surgical procedures with their associated complications
should be carefully considered, against the possibility the resec-
ted lesion may be benign.16

To date, there is no clear evidence-based consensus on the
optimal BCA (C) treatment strategy. As the disease is rare and the
articles published are limited and potentially biased by expert
opinions, this systematic review will assess the diagnostic work-
up and necessity of complete surgical resection and aims to
recommend on a justified management strategy.
Methods

This systematic review was conducted and reported according to
the PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analysis) guideline.28

Literature search
With the help of a clinical librarian (WMB) a systematic
literature search was conducted using various synonyms
for ‘cystadenoma’, ‘mucinous cystic neoplasm’ or
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‘cystadenocarcinoma’ (appendix A). The search was conducted
in Embase.com, Medline (Ovid), Cochrane Central, Web-of-
Science and Google Scholar. The date last searched was
November 22nd 2017.

Study selection
Two independent reviewers (AJK & DWGtC) evaluated the
articles and screened title and abstract of all deduplicated ar-
ticles. Articles were included if they reported on randomized
controlled trials, case–control studies, cohort studies and case
series (n � 5). The articles had to include patients diagnosed
with BCA (C) and had to report on diagnostic work-up or
outcome of various management strategies. Only articles
written in English were included. If the inclusion criteria were
met, full articles were reviewed. Disagreement was resolved by
discussion.
Articles were excluded if they described tumors other than

intrahepatic BCA. Reviews, animal studies, cadaver studies,
case reports (n < 5), surveys, editorials, commentaries, con-
ference abstracts and letters were also excluded. Additionally,
articles that did not report on enrollment dates or enrollment
centers were excluded in order to prevent reporting on over-
lapping data. When there was an overlap between different
articles in study population, the article reporting the most
complete data was chosen. Level of evidence was determined
using Oxford Center for Evidence-based Medicine Levels of
Evidence.29

Outcome measures
The primary outcomes were the reported BCA (C) associated
mortality rates and recurrence rates after various treatment
strategies. Patients who died due to BCA (C) unrelated disease
were not included in mortality rate calculations. Secondary
outcomes included a comparison of BCA vs BCAC based on
patient characteristics and imaging characteristics. Data
extraction was performed by AJK and DWG independently.
Publication details, type of study, data on diagnostic work-up
(biopsy, imaging [modality, diagnosis, characteristics], tumor
markers [in serum and cystic fluid]), patient characteristics
(sex, age at diagnosis, presentation), tumor characteristics
(size, location), follow-up period, type of treatment (fenes-
tration and marsupialization were categorized as one treat-
ment group) and outcome (mortality and recurrence) were
collected. Mortality was defined as death of disease or death of
other cause.

Statistical analysis
Variables are presented as mean (SD) or median (range),
according to the way they were reported in the original
article. Differences between groups were investigated using
Chi–Square test (IBM SPSS software version 21.0 Chicago,
Illinois). Cumulative data were tabulated and presented as
number with percentages.
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.

http://Embase.com


HPB 1259
Results

The initial search yielded 6919 articles, of which 3455 remained
after deduplication. Screening of title and abstract excluded 3316
articles, resulting in 139 articles for full text review. A final 51
articles were included in this systematic review. Article selection
is depicted in Fig. 1.

Patient characteristics
The included articles are presented in Table 1. All studies
included were retrospective case series or cohort studies (level of
evidence 4). Table 2 describes the included patients in this study.
A total of 1218 patients were included, of which 1022 (85.3%)
were female. A total of 971 (79.7%) patients were diagnosed with
BCA and 247 (20.3%) with BCAC.
A comparison between patients with BCA and BCAC showed a

significantly higher proportion of female patients with BCA
(p < 0.001). The age of patients with BCA ranged from 38 to 62
years and for BCAC from 49.4 to 77 years. No significant dif-
ference was found for tumor location or symptoms as well as
liver function tests, including ALT, AST, Total Bilirubin and
Alkaline Phosphatase levels. Analysis of tumor markers in serum
and cystic fluid showed that patients with BCACmore often have
elevated CA19-9 (p = 0.041) and CEA in serum (p = 0.024). No
significant differences were found for CA12-5 and AFP in serum
nor for any tumor markers in cystic fluid.

Diagnostics
All included patients had histologically confirmed BCA (C). In
678 patients (55.7%) CT was used and in 142 patients (11.7%)
diagnosis was based on MRI. Contrast-Enhanced Ultrasound
(CEUS) was performed in 41 patients (3.4%). In 79 patients
(6.4%) both CT and MRI was used in the diagnostic work-up.
The imaging characteristics are described in Table 3. Cal-

cifications were more often reported in patients with BCAC
(55 (13.3%) in BCA and 22 (24.4%) in BCAC, p = 0.008), as
were wall enhancement (81 (26.6%) in BCA and 52 (69.9%)
in BCAC, p < 0.001) and mural nodules (81 (17.2%) in BCA
and 76 (73.8%) in BCAC, p < 0.001). No statistically signifi-
cant differences were found for multiloculation, septation and
Figure 1 Flowchart inclusion
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biliary dilatation. Out of 1218 histologically confirmed BCA
(C), the presence of OS was described in 44% of the cases. OS
was reported in 389 (88.8%) BCA and 63 (67%) BCAC
(p < 0.001).

Treatment and outcome
Information on treatment was given for 832 patients with BCA
and 212 patients with BCAC.
Resection was the most reported treatment strategy (BCA

91.7% and BCAC 92.9%). Other reported strategies were:
fenestration (BCA 4.4%, BCAC 0.9%), enucleation (BCA 3.5%,
BCAC 4.7%), marsupialization (BCA 0.1%, BCAC 0), liver
transplantation (BCA 0.2%, BCAC 0.5%), drainage (BCA 0%,
BCAC 0.5%), chemotherapy (BCA 0%, BCAC: 0.9%) and con-
servative treatment (BCA 0, BCAC 0.5%).
BCA recurrence occurred in 5.4% after resection, 3.3% after

enucleation and in 81,6% after fenestration or marsupialization
(Table 4). The reported recurrence rate for BCAC after resection
was 4.8%, 9.1% after enucleation and 100% after fenestration or
marsupialization. The BCA associated mortality rate was 0% (7/
621 patients died, all causes unrelated to BCA). The BCAC
associated mortality rate was 24.2% (42/172), four patients died
as a result of BCAC unrelated disease. The difference in mor-
tality between BCA and BCAC was statistically significant
(p < 0.001).
Discussion

This systematic review included a total of 1218 patients extracted
from 51 articles, 79.7% with BCA and 20.3% with BCAC.
Although both BCA and BCAC occur predominantly in females,
a significantly higher proportion of men was seen in the BCAC
group. Median age of patients with BCAC appears to be higher
than BCA (range 49–77 versus 38–62 years, respectively). It has
been suggested that occurrence of BCA (C) is related to the
embryonic gallbladder development and therefore lesions would
be more often located in the left hemiliver.9,10,22 However, in this
study no statistically significant difference in tumor location
between right and left hemiliver was found.
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.



Table 1 Overview of included studies

Reference Year Type of study
(level of evidence)

No. Of
patients

Mean/median age Female: male Mean/median
tumor size (cm)

Treatment

1. Ahanatha et al.39 2012 Case series (4) 13 BCA: 46 11 : 2 – Resection
Enucleation

2. Al-Qahtani et al.40 2016 Case series (4) 11 BCA: 45.9 11 : 0 – Resection
Enucleation

3. Ammori et al.41 2002 Case series (4) 8 50a 5 : 3 12a Resection
Percutanous Drainage
Conservative

4. Arnaoutakis
et al.16

2015 Retrospective cohort (4) 248 BCA: 51.2
BCAC: 58,9

215 : 33 BCA: 10
BCAC: 10.5

Resection
Fenestration
Liver Transplantation

5. Buetow et al.42 1995 Case series (4) 34 BCA: 38
BCAC: 57

31 : 3 BCA: 12 Resection

6. Chen et al.43 2014 Case series (4) 39 53.7a 30 : 9 – Resection
Enucleation

7. Choi et al.19 2010 Retrospective cohort (4) 17 BCA: 57 17 : 0 BCAC: 10.1 Resection

8. Devaney et al. 1994 Case series (4) 70 BCA: 45
BCAC: 59

60 : 10 BCA: 15
BCAC: 12.3

Resection

9. Dong et al.14 2017 Case series (4) 23 BCA: 57
BCAC: 60

11 : 12 BCA: 4.8
BCAC: 6.9

–

10. Doussot et al.32 2015 Case series (4) 20 62a 17 : 3 9.9a Resection

11. Emre et al.24 2011 Case series (4) 9 49a 9 : 0 – Resection
Enucleation

12. Fragulidis et al.44 2015 Case series (4) 10 BCA: 66
BCAC: 61

9 : 1 BCA: 9.9
BCAC: 13.5

Resection
Enucleation

13. Gadzijev et al.45 1998 Case series (4) 6 BCA: 42.2
BCAC: 58

6 : 0 BCA: 10.8
BCAC: -

–

14. Hai et al.46 2003 Case series (4) 6 BCA: 56,3
BCAC: 59.6

4 : 2 BCA: 8
BCAC: 8.5

–

15. Hansman et al.47 2001 Case series (4) 8 – – – Resection

16. Jae et al.48 2009 Case series (4) 10 BCA: 45.2
BCAC: 62

7 : 3 BCA: 8
BCAC: 9.6

Resection

17. Jwa et al.17 2017 Case series (4) 30 BCA: 60
BCAC: 68

27 : 3 – Resection

18. Kim et al.49 2014 Case series (4) 15 BCA: 44 15 : 0 BCA: 8.7 Resection

19. Kim et al.50 2010 Case series (4) 12 56.3a 10 : 2 9.5a –

20. Krige et al.51 2017 Case series (4) 16 BCA: 46 16 : 0 – Resection

21. Labib et al.20 2017 Case series (4) 13 BCA: 46 13 : 0 BCA: 13.7 Resection

22. Lam et al.52 2008 Case series (4) 8 BCA: 45.7 8 : 0 – –

23. Lee et al.53 2015 Case series (4) 21 BCA: 57
BCAC: 67.5

16 : 5 BCA: 8.5 –

24. Lewis et al.26 1988 Case series (4) 15 BCA: 41 13 : 2 BCA: 12.5 Resection

25. Li et al.54 2009 cohort study 13 44.4a 11 : 2 11.2a Resection

26. Li et al.55 2013 Case series (4) 10 BCA: 45
BCAC: 51.3

8 : 2 – Resection

27. Lim et al.56 2007 Retrospective cohort (4) 17 50a 15 : 2 8.9a Resection

28. Lin et al.33 2009 Case series (4) 5 – – – –

29. Martel et al.57 2013 Case series (4) 13 52.1a 12 : 1 12.4a Resection Enucleation

30. Nakajima et al.58 1992 Case series (4) 7 BCAC: 55 5 : 2 BCAC: 11.8 Resection
Enucleation

31. Pitchaimuthu
et al.59

2015 Case series (4) 29 BCA: 62 28 : 1 – –

HPB 2019, 21, 1257–1267 © 2019 International Hepato-Pancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.
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Table 1 (continued )

Reference Year Type of study
(level of evidence)

No. Of
patients

Mean/median age Female: male Mean/median
tumor size (cm)

Treatment

32.
Pojchamarnwiputh
et al.5

2008 Retrospective cohort (4) 12 BCA: 40.6
BCAC: 51.3

10 : 2 BCA: 12
BCAC: 11.9

Resection
Enucleation

33. Quigley et al.37 2017 Case series (4) 36 BCA: 50.4
BCAC: 61

36 : 0 BCA: 11.2
BCAC: 17.5

Resection

34. Ratti et al.60 2012 Case series (4) 12 BCA: 45 12 : 0 – Resection

35. Regev et al.22 2001 Case series (4) 9 BCA: 60.5
BCAC: 77

7 : 2 BCA: 14.3
BCAC: 19

Resection

36. Sanchez et al.27 1991 Case series (4) 19 BCA: 42 15 : 4 BCA: 11 Resection
Aspiration

37. Sang et al.61 2011 Case series (4) 33 BCA: 44.2
BCAC: 57

22 : 11 BCA: 13
BCAC: 8.3

Resection
Enucleation
Fenestration

38. Seo et al.11 2010 Retrospective cohort (4) 20 BCA: 55.2
BCAC: 56.8

17 : 3 BCA: 12.9
BCAC: 11

Resection

39. Song et al.62 2012 Retrospective cohort (4) 30 BCA: 51.6
BCAC: 49.3

22 : 8 BCA: 7.9
BCAC: 11.7

Resection

40. Teoh et al.2 2006 Case series (4) 7 BCA: 51.5
BCAC: 74

5 : 2 BCA: 8.6
BCAC: 14.4

Resection
Enucleation

41. Thomas et al.63 2005 Case series (4) 19 BCA: 48.3 18 : 1 – Resection
Enucleation
Fenestration

42. Treska et al.64 2016 Case series (4) 12 BCA: 57.7 12 : 0 – Resection
Enucleation

43. Vogt et al.9 2005 Case series (4) 22 BCA: 48
BCAC: 60

21 : 1 BCA: 12.5 Resection
Enucleation

44. Wang et al.10 2012 Case series (4) 30 BCA: 44.2
BCAC: 56.9

23 : 7 BCA: 13
BCAC: 7.9

Resection

45. Wang et al.65 2014 Case series (4) 14 BCA: 48 11 : 3 BCA: 10.4 Resection

46. Wheeler et al.6 1985 Case series (4) 17 BCA: 41.7
BCAC: 58.8

17 : 0 – Resection
Drainage

47. Wu et al.66 2008 Case series (4) 7 BCA: 52 5 : 2 BCA: 10 Resection

48. Xu et al.67 2012 Case series (4) 13 BCA: 44
BCAC: 52

11 : 2 BCA: 8.2
BCAC: 8.6

Resection

49. Xu et al.12 2015 Retrospective cohort (4) 75 BCA: 45.4
BCAC: 57.5

58 : 17 BCA: 11.7
BCAC: 7.1

Resection
Enucleation

50. Zen et al.68 2011 Retrospective cohort (4) 29 BCA: 45 29 : 0 BCA: 11 Resection

51. Zhang et al.13 2014 Case series (4) 46 BCA: 53.4
BCAC: 52

36 : 10 – Resection

a Articles that combined BCA and BCAC in calculations.
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This systematic review shows that liver function enzymes such
as ALT, AST, total bilirubin and Alkaline Phosphatase, cannot be
used to differentiate BCA from BCAC. Serum tumor markers
CA19-9 and CEA are more often elevated in BCAC as compared
to BCA. However, tumor markers within the normal range
cannot rule out BCAC. No statistically significant differences
were found for serum CA12-5 and AFP and for all tumor
markers measured in cystic fluid. Even more, as tumor markers
in cystic fluid can be elevated even in benign liver cysts,30 these
markers should not be used in the diagnostic work-up for BCA
HPB 2019, 21, 1257–1267 © 2019 International Hepato-P
(C). Unfortunately, the exact level of the markers (times the
upper limit of normal) were not reported.
On imaging, mural nodules, wall enhancement on contrast

enhanced CT and calcifications occur significantly more often in
BCAC as compared to BCA. Septations, multiloculation and
biliary dilatation cannot be used reliably to differentiate BCA
from BCAC. A recent study by Kovacs et al. performed in 25
patients with either complex hepatic cysts or BCA showed that
the relationship between septations and the wall of the cystic
lesion might be more predictive for a diagnosis than previously
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.



Table 2 Clinical characteristics and tumor markers

BCA (N [ 971) n (%) BCAC (N [ 247) n (%) p-value

Gender <0.001

Male 84 (9.3) 83 (36.2)

Female 817 (90.7) 146 (63.8)

No information 70 18

Age (range) 38–62 49.4–77

Presentation 0.492

Symptomatic 465 (74.6) 140 (82.4)

Asymptomatic 158 (25.4) 30 (17.6)

No information 348 77

Tumor location 0.467

Left lobe 359 (55) 110 (59.8)

Right lobe 207 (31.7) 54 (29.3)

Bilobular 87 (13.3) 20 (10.9)

No information 318 63

ALT 0.291

Normal 124 (88.6) 49 (83.1)

Elevated 16 (11.4) 10 (16.9)

No information 831 188

AST 0.888

Normal 124 (95.4) 56 (94.9)

Elevated 6 (4.6) 3 (5.1)

No information 841 188

Total bilirubin 0.191

Normal 138 (89.6) 49 (83.1)

Elevated 16 (10.4) 10 (16.9)

No information 817 188

Alkaline phosphatase 0.382

Normal 128 (94.8) 54 (91.5)

Elevated 7 (5.2) 5 (8.5)

No information 836 188

CA19–9 – serum 0.041

Normal 257 (67.5) 62 (56.9)

Elevated 124 (32.5) 47 (43.1)

No information 590 138

CEA – serum 0.024

Normal 196 (67.4) 22 (50)

Elevated 95 (32.6) 22 (50)

No information 680 203

CA12–5 – serum 0.786

Normal 24 (82.8) 24 (80)

Elevated 5 (17.2) 6 (20)

No information 942 217

AFP - serum 0.508

Normal 98 (99) 43 (100)

Elevated 1 (1) –

No information 872 204

HPB 2019, 21, 1257–1267 © 2019 International Hepato-Pancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.

1262 HPB



Table 2 (continued )

BCA (N [ 971) n (%) BCAC (N [ 247) n (%) p-value

CA19–9 – cystic fluid 0.513

Normal 7 (17.9) 1 (33.3)

Elevated 32 (82.1) 2 (66.7)

No information 932 244

CEA – cystic fluid 0.314

Normal 12 (34.3) –

Elevated 23 (65.7) 2 (100)

No information 936 245

CA12–5 – cystic fluid –

Normal – –

Elevated 13 (100) –

No information 958 247

p-values < 0.05 are shown in bold.
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reported imaging features.31 Although the sample size in this
study was small, the results are promising and should be explored
further.
The disease related mortality rate for BCA was 0% as

compared to 24.2% for patients with BCAC (p < 0.001).
Table 3 Imaging characteristics

BCA (N [ 971) n (%)

Multiloculation

Yes 359 (69.4)

No 158 (30.6)

No information 454

Septation

Yes 328 (71.3)

No 132 (28.7)

No information 511

Calcifications

Yes 55 (13.3)

No 357 (86.7)

No information 559

Biliary dilatation

Yes 11 (18)

No 50 (82)

No information 910

Mural nodules

Yes 81 (17.2)

No 391 (82.8)

No information 499

CEUS wall enhancement

Yes 81 (26.6)

No 224 (73.4)

No information 666

p-values < 0.05 are shown in bold.

HPB 2019, 21, 1257–1267 © 2019 International Hepato-P
Unfortunately, no data are reported on a wait and see policy for
BCA and therefore we cannot comment on the biological
behavior and risk of transformation from BCA to BCAC. It
would be of interest to study the natural course of these lesions in
a well-defined prospective study. The reported recurrence rates
BCAC (N [ 247) n (%) p-value

0.551

71 (72.4)

27 (27.6)

149

0.385

69 (67)

34 (33)

144

0.008

22 (24.4)

68 (75.6)

157

0.070

5 (41.7)

7 (58.3)

235

<0.001

76 (73.8)

27 (26.2)

144

<0.001

51 (69.9)

22 (30.1)

174

ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.



Table 4 Recurrence after treatment

BCA

Resection (N = 763) 46 (5.4)

Enucleation (N = 37) 1 (3.3)

Fenestration or marsupialization (N = 38) 31 (81.6)

BCAC

Resection (N = 197) 10 (4.8)

Enucleation (N = 10) 1 (9.1)

Fenestration or marsupialization (N = 2) 2 (100)
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of different treatment strategies show a low recurrence after
resection (5.4%) or enucleation (3.3%) and high recurrence rates
after fenestration or marsupialization (81.6%). Unfortunately,
data on the pre-operative diagnosis and the radicality of resection
was lacking from the included articles. If the recurrence after
resection were all non-radical resections the reason for recur-
rence may rather be the (inaccurate) treatment and not the
disease.
This systematic review investigated BCA and BCAC, and did

not look at the differentiation between complex liver cysts and
BCA (C). In literature, we found that CT, MRI and ultrasound
combined provide a high sensitivity (87.5–100%) for the dif-
ferentiation of simple liver cysts from BCA (C),32 but a poor
specificity (43.1–53.4%). Another recently introduced imaging
technique that might be used is CEUS, providing a sensitivity of
81.3–93.8% and specificity of 47.1–88.2%.33 As all imaging
modalities provide a poor specificity, future research should
focus on ways to improve the diagnostic work-up, for example by
combining CT and MRI with CEUS. A new approach to differ-
entiate simple liver cysts from BCA (C) relies on measurement of
intracystic tumor marker TAG-72, thus identifying BCA and
BCAC.34 The results of this study are promising and should be
explored further.
Complications after surgery were underreported in the

included articles. As BCA is essentially a benign disease and
liver resections may have a complication rate of up to
Table 5 Summary of the main implications in the management of BCA

Clinical characteristics BCA have a female predominan
and females. Patients with BCA

Tumor markers Elevated serum tumor markers (C
within the normal range cannot

Imaging On imaging, calcifications, mural n
combination of CT, MRI and CE
further.

Biopsy Biopsy cannot be used to differen
as a whole.

Treatment Radical resection should be perfo
high recurrence rates. Fenestrat

General conclusion Patients with suspected BCA (C)
availability of state-of-the-art im
rare disease.
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20%,35,36 perhaps resection of BCA should not be performed
in all cases. In particular, lesions located nearby larger vessels
might be at risk for complications due to surgery and
decision-making should include the anatomical characteris-
tics. It has been suggested that frozen section mid surgery
could be performed to distinguish simple cysts from BCA and
BCAC and avoid unnecessary resection.32 In a study by
Doussot et al. frozen section was performed in 36 patients
with either simple cysts or BCA. They found a concordance
between frozen section and final histopathological examina-
tion of resection specimen in all cases. This suggests that
frozen section is a reliable way to distinguish simple cysts
from BCA. However, a study performed by Quigley et al.
found that to prove OS in the lesion, extensive pathological
examination is required.37 A selected part of the lesion as is
taken for frozen section may not be representative for the
lesion as a whole. Additionally, in the process of malignant
transformation from BCA to BCAC, a biopsy is unlikely to be
representative for the lesion as a whole as a biopsy is usually
performed in the part that is easily accessible and not in the
most suspect part of a liver lesion. Given the current un-
certainty in differentiating BCA from BCAC and the high
recurrence rates after fenestration and marsupialization, sur-
gical resection should be the performed in all patients with
suspected BCA (C). When BCAC is suspected, fenestration
and marsupialization should never be performed.
The main limitation of this study lies in the histopathologic

diagnostic criteria for BCA (C). These criteria changed in 2010
when the WHO established that BCA should be called Mucinous
Cystic Neoplasms (MCN) and that the presence of OS is a
requirement for MCN diagnosis.21 To this day, OS is not widely
applied and literature is highly conflicted on the definition of
BCA (C) vs MCN.38 One study reports that invasive carcinomas
are uncommon in true MCN with OS,37 while another states that
OS positive MCN have a worse survival than patients with OS
negative lesions.16 In this systematic review, in over half of the
patients (56%) information on stromal characteristics and
especially the presence of OS was missing. Additionally, in the
(C)

ce while BCAC occur are more evenly distributed between males
C appear to be older.

A19.9 and CEA) are suggestive for BCAC. However, tumor markers
rule out BCAC.

odules and wall enhancement are more often reported in BCAC. The
US might improve the diagnostic work-up; this should be studied

tiate BCA from BCAC, as it is unlikely to be representative for the lesion

rmed in both BCA as BCAC, as fenestration or marsupialization have
ion or marsupialization should never be used for BCAC.

should be treated in a center specialized in liver surgery with the
aging as well as surgical techniques to prevent mismanagement of this

ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.
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majority of included articles the presence of OS was only re-
ported as frequency in the study population and not linked to
patient characteristics or outcomes of individual patients,
making it impossible for us to make a reliable statement about
the association between OS and outcome. The second limitation
of this systematic review is the fact that all included articles were
retrospective cohort studies or case series (level of evidence 429)
resulting in missing data and bias. To the best of our knowledge,
no prospective cohorts or randomized controlled trials have been
published on this subject.
Conclusion

This systematic review shows that present data don’t support
a role for tumor markers in cystic fluid in differentiating
BCA from BCAC. Radiologic imaging such as CT and MRI,
but also CEUS, may help in differentiating BCA from BCAC,
but their specificity is poor. A non-directed biopsy cannot be
used to differentiate BCA from BCAC, as it is unlikely to be
representative for the lesion as a whole. In case of suspected
BCA (C), radical resection should be performed. Due to the
variety in clinical symptoms, the difficulty in rightfully
diagnosing BCA (C) and, in BCA, possible complications
after resection of a benign neoplasm, patients with suspected
BCA or BCAC should be treated in a center specialized in
liver surgery with the availability of state-of-the-art imaging
as well as surgical techniques to prevent mismanagement of
this rare disease. A summary of the main implications for the
management of BCA(C) is given in Table 5.
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