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Abstract

Background Dysplasia, carcinoma in situ, and other malignant transformation or premalignant/malignant histopathology
(PMMH) seem uncommon in pediatric choledochal cyst (CC). A literature review and the authors’ experience are presented.
Methods All reports about PMMH in CC patients 15 years old or younger published in English and all cases of PMMH in
specimens excised from CC patients 15 years old or younger by the authors were reviewed.

Results Of 20 published reports, PMMH was adenocarcinoma (n=4), sarcoma (n=4), and dysplasia (n=12). Treatment
for malignancies was primary pancreaticoduodenectomy (PD; n=2) or cyst excision/hepaticojejunostomy (Ex/HJ; n=6).
Outcomes at the time of writing for malignancies: 2 deaths, 4 survivors after follow-up of 2 years, and 2 lost to follow-up. No
dysplasia case has undergone malignant transformation. The authors have experienced 7 cases of PMMH; adenocarcinoma
in situ (AIS; n=1) and dysplasia (n =6).

Conclusions The present study identified the youngest cases of AIS and dysplasia from specimens excised when they were
3 years old and 4 months old, respectively. Both are published for the first time as evidence that PMMH can complicate CC
in young patients. Long-term protocolized postoperative follow-up is mandatory when PMMH is diagnosed in pediatric CC.
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Introduction authors’ experience were reviewed and two cases presented
to improve knowledge about PMMT in pediatric CC.

Irwin and Morison [1] and Ferraris et al. [2] reported an
association between choledochal cyst (CC) and malignancy,
premalignant/malignant histopathology (PMMH) defined as

dysplasia, carcinoma in situ, and other malignant transfor-

Methods

mation. PMMH has been identified in excised specimens
from adult CC patients [3-5], but specific data for pediat-
ric CC patients are lacking. In the present study, PMMT
cases published in the English language literature and the
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Systematic searches of English-language articles were con-
ducted using the PubMed database developed and main-
tained by the National Center for Biotechnology Information
at the US National Library of Medicine (NLM), located at
the national Institutes of Health (NIH). PubMed facilitates
searching across several NLM literature resources such as
MEDLINE, PubMed Central, and Bookshelf. Keywords
used were choledochal cyst, pancreaticobiliary maljunc-
tion (PBMJ), malignancy, cholangiocarcinoma, dysplasia,
and pediatric. Pediatric was defined as up to and including
15 years old at the time of cyst excision (Ex) and hepaticoen-
terostomy biliary tract reconstruction, usually hepaticojeju-
nostomy (HJ) at the authors’ institutes. All searches were
performed on August 27 and 28 in 2023.
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The authors also reviewed all pediatric CC patients who
had histopathologic evidence for PMMT in excised CC and
gallbladder specimens between 2001 and 2023. For histo-
pathologic examination, hematoxylin—eosin (H&E) staining
and in recent cases, S-100protein, maspin, and IMP3 immu-
nohistochemical staining to distinguish between dysplasia
and benign epithelium in the biliary tree were employed.

Results
Literature review

Table 1 summarizes published cases. There were 20 reports
of PMMH in pediatric CC patients aged up to and includ-
ing 15 years old; 8 cases of malignancy (4 adenocarcinoma
and 4 sarcoma) and 12 cases of dysplasia. All PMMH were
identified in CC specimens. For treatment of the 8 pub-
lished malignancy cases, primary pancreaticoduodenec-
tomy was performed in 2 cases because adenocarcinoma
was confirmed on intraoperative histopathologic diagnosis
(published case 4) and a metastatic lesion was confirmed
preoperatively (published case 5). For the other 6 published
malignant cases, Ex and choledochojejunostomy or HJ were
performed because a definitive histopathologic diagnosis of
malignancy was not made intraoperatively. Six published
malignant cases (cases 1 to 6) had adjuvant chemotherapy.
Details for cases 7 and 8 are unknown. At the time of writ-
ing, 2 of the published malignant cases were dead, 4 were
alive but had only been followed up for less than 2 years,
cases 7 and 8 were lost to follow-up.

Published cases 9-20 all had dysplasia in excised CC
specimens diagnosed after definitive Ex/HE. At the time of

Table 1 Summary of published cases

writing, no malignant transformation has been reported in
any dysplasia case after follow-up ranging from 1 to 3 years.

The authors’ experience

At the time of writing, 7 cases of PMMH have been identi-
fied in 169 CC cases (4.1%) treated by the authors at their
institutes between 2001 and 2023 (Table 2). One case was
adenocarcinoma in situ (AIS) and 6 were dysplasia. His-
topathologic diagnosis of PMMH was made after Ex/HJ in
all 7 cases. PMMT was identified in excised CC (n=4),
excised gall bladder (GB; n=2) and both (CC+ GB; n=1).
Immunohistochemistry using S-100P, maspin, and IMP3
was performed on tissue from the 4 dysplasia cases; excised
CC PMMH lesions were positive for maspin and IMP3 and
negative for S-100P (n =3; author cases 5, 6, and 7). All
PMMH cases were diagnosed after Ex/HJ from histopatho-
logic assessment of excised specimens. Despite being diag-
nosed with PMMH, none have received adjuvant chemo-
therapy and at the time of writing, all 7 PMMH cases were
alive and well. None of the authors’ cases have been pub-
lished. The AIS case (authors’ case 1) and one dysplasia
case (authors’ case 6) are presented.

Authors’ case 1

A 3-year-2-month-old boy was admitted for suspected pan-
creatitis. At presentation, serum amylase (AMY) (133 TU/L)
and lipase (LIP) (529 TU/L) were elevated, but serum direct
bilirubin, aspartate aminotransferase (AST), alanine ami-
notransferase (ALT), and y-glutamyl transpeptidase (GGTP)
were all within reference ranges. Magnetic resonance chol-
angiopancreatography (MRCP) identified PBMJ and cystic
CC without dilated intrahepatic bile ducts. There were no

Published cases Published Sex Age at surgery Surgery performed Pathology PMMH site  Outcome*  Follow-up period*
[reference no]

1[6] 1976 F 5yr Ex+CJ Sarcoma CC Alive lyr

2[7] 1990 F 12 yr Ex+HJ Adenocarcinoma CC Dead 2yr

3[8] 1992 F 6 yr Ex+HJ Sarcoma CC Alive N/A

4 19] 2006 M 11 yr PD Adenocarcinoma CC Alive 1 yr 1 mo
5[10] 2008 F 15 yr PD Adenocarcinoma CC Dead 1 yr 2 mo
6[11] 2009 M 3yrll mo Ex+HJ Adenocarcinoma CC Alive lyr
7[12] 2015 N/A 3yr Ex+HJ Rhabdomyosarcoma CC N/A N/A
8[12] 2015 N/A  4yr Ex+HJ Rhabdomyosarcoma CC N/A N/A
9-20[13] 2003 N/A N/A Ex+HJ Dysplasia CC N/A N/A

CC choledochal cyst, CJ choledochojejunostomy, Ex cyst excision, GB gallbladder, HJ hepaticojejunostomy

N/A not available, PD pancreaticoduodenectomy, PMMH premalignant/malignant histology

*at the time of publication

yr years, mo months
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Table 2 Summary of authors’ cases

Patients Sex Age at surgery Surgery performed Pathology = Immunohistochemistry results ~PMMH site Outcome* Follow-up period*

Casel M 3yr2mo Ex+HJ Adenocar-  N/A CC Alive 12 yr 8 mo
cinoma in
Situ
Case2 F  2yr10mo Ex+HIJ Dysplasia ~ N/A CC, GB Alive 18 yr 9 mo
Case3 F 1lmo Ex+HIJ Dysplasia ~ N/A GB Alive 14 yr 6 mo
Case4 F 1lyr4mo Ex+HJ Dysplasia ~ S-100P (=), Maspin (-), IMP3  GB Alive 4 yr 8§ mo
=)
Case5 M 12 yr7mo Ex+HJ Dysplasia ~ S-100P (=), Maspin (+), IMP3  CC Alive 3 yr 6 mo
(+)
Case6 F 4mo Ex+HJ Dysplasia ~ S-100P (—), Maspin (+), IMP3  CC Alive 1 yr 8 mo
+)
Case7 F 1yr3mo Ex+HJ Dysplasia ~ S-100P (—), Maspin (+), IMP3 CC Alive 1 yr3mo
)

CC choledochal cyst, Ex cyst excision, GB gallbladder, HJ hepaticojejunostomy
N/A not available, PD pancreaticoduodenectomy, PMMH premalignant/malignant histology
*at the time of writing

yr years, mo months

other remarkable findings on MRCP or ultrasonography
(US). Laparoscopic Ex with HJ was performed. Histopa-
thology of the excised CC identified an increase in the num-
ber of glandular lumens associated with carcinogenesis, as
well as back-to-back glands. In this lesion, cells showed
anisokaryosis, irregular nuclei, and cloudy mucus within
the cytoplasm, typical findings of AIS (Fig. 1). Proximal and
distal margins of the excised CC were negative for evidence
of malignancy. Although adjuvant chemotherapy was not

Fig. 1 Histopathology: authors’
case 1. A Open arrowheads
show an increase in the number
of glandular lumens associated
with carcinogenesis, as well as
back-to-back glands. B Cells
show anisokaryosis, irregular
nuclei (red arrows), and cloudy
mucus within the cytoplasm
(open arrowheads). C Cells
show no anisokaryosis. D Irreg-
ular nuclei and mucus within
the cytoplasm are not seen

performed, follow-up has been more intensive because of
the diagnosis of AIS. MRCP and US have continued to be
unremarkable for almost 13 years; he is currently almost
16 years old and well.

Authors’ case 6
A 7-day-old girl was admitted for suspected CC on routine

abdominal echography. Biochemistry identified elevated

Adenocarcinoma in situ

Excised choledochal cyst

C: H&E; x200 D: H&E; x400
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serum direct bilirubin (18.2 mg/dL), AST (50 IU/L), and
GGTP (272 IU/L). AMY and LIP were within reference
ranges. She underwent tube drainage of the CC on day 10 of
life, followed by Ex with HJ at 4 months old. Histopathol-
ogy showed micropapillary architecture, and loss of cellular
polarity, anisokaryosis, and hyperchromasia on H&E stain-
ing. Immunohistochemical examination revealed diffuse,
intermediate to strong cytoplasmic staining for IMP3, and
diffuse, strong, and combined nuclear/cytoplasmic stain-
ing patterns for maspin (Fig. 2), indicating dysplasia of the
mucosa of CC. She has been well postoperatively and is
currently 20 months old.

Discussion

Although a few PMMH cases complicating pediatric CC
have been reported, the authors have expanded the data base
for PMMH in pediatric CC from 21 to 27 by presenting
the youngest case of AIS diagnosed in an excised specimen
from a 3-year-2-month-old boy followed-up for more than
10 years, and the youngest case of dysplasia diagnosed in an
excised specimen from a 4-month-old girl.

CC is known as being one of the high-risk factors for
the development of carcinoma of the biliary tract ranging
from 2.5% to 30% for all age groups [13-15] because of
its association with PBMJ. However, reports of pediatric
cases are rare. It has been considered that reflux of pan-
creatic secretions into bile causes inflammation, repeated
cycles of damage and healing of the biliary epithelium,
and can promote malignant transformation [16]. In fact,

>

Fig.2 Histopathology: authors
case 4. A, B Epithelial cells
harbor enlarged and hyperchro-
matic nuclei with thickened
nuclear membrane. C Cells
show diffuse, intermediate, to
strong cytoplasmic staining for
IMP3. D Cells show diffuse,
strong, and combined nuclear/
cytoplasmic staining patterns
for maspin

@ Springer

disrupted mucosa of excised CC was observed next to the
lesion of AIS in the authors’ case 1 (Fig. 3). Patients with
CC develop malignancies at a younger age compared with
cholangiocarcinoma patients (median: 49.5 years versus
65 years, respectively) [3, 17]. Moreover, Gao R, et al.
reported that age, recurrent attacks of biliary pancreatitis,
symptom duration, cyst diameter, and history of biliary
surgery are individual risk factors for premalignant lesions
in younger aged CC patients [12]. However, 2 malignant
cases (published case 6 [11] and authors’ case 1) and 5
dysplasia cases (authors’ cases 2, 3, 4, 6, and 7) were all
less than 5 years old when specimens were excised. As a
result, it would be prudent for an entire excised specimen
to be examined thoroughly by skilled pathologists with
immunochemistry such as S-100P, maspin, and IMP3 as
well as more traditional staining techniques to distinguish
between dysplasia and benign epithelium in the biliary tree

Fig.3 Damaged CC mucosa in authors’ case 1. The dotted circle
indicates partially damaged CC mucosa between sites of adenocarci-
noma in situ (dashed rectangles). Note fibrin deposition (arrowheads)
next to the AIS lesion

Dysplasia

Excised choledochal cyst

C: IMP; x400

D: Maspin; x200
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precisely [18, 19]. The present study should encourage
pediatric surgeons to have a high index of suspicion for
carcinogenesis in younger CC patients and foster accept-
ance that CC has an oncologic aspect that has not been a
routine focus of management or follow-up to date.

Although Ex and HE are generally accepted as standard
surgical intervention for CC, published cases 4 and 5 had
pancreaticoduodenectomy and both cases can be consid-
ered as unique examples of malignancies complicating
CG; in fact, in published case 4, a slightly elevated lesion
was present and biopsied. The general consensus can be
summarized by Saikura et al. [11] who advocated early
radical surgery combined with thorough intraoperative his-
topathology examination once CC was diagnosed. Mini-
mally invasive surgery using laparoscopy with 4 K imag-
ing [20] as well as intraoperative endoscopy performed
routinely by the authors, even during laparoscopic Ex and
HE to examine the common channel, CC, and intrahepatic
bile duct [21] for debris and calculi have improved surgery
for CC. Intraoperative endoscopy is excellent for careful
mucosal examination and irrigation during Ex.

This study has clinical impact by providing evidence
for the existence PMMH in pediatric CC. To the best of
the authors’ knowledge, there is only 1 report specifi-
cally about PMMH in pediatric CC, Gao, et al. [13] who
reported 12/210 CC cases (5.7%) with dysplasia and no
reports investigating the incidence of PMMH in excised
specimens from adults with CC. By comparing Gao’s data
with the authors’ experience where PMMH was identi-
fied in 7/169 CC cases (4.1%), it would appear that the
incidence of PMMH in pediatric CC is of the order of
5%, which is not low compared with reported incidences
ranging from 2.5% to 30% for all age groups [13—15]. This
result is noteworthy because it was unexpectedly high and
surgeons should be aware of PMMH in young children
less than 3 years old with CC. The importance of thor-
ough histopathologic examination and meticulous proto-
colized follow-up are mandatory for managing pediatric
CC patients thoroughly and safely.
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