1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
J Pediatr Surg. Author manuscript; available in PMC 2021 December 01.

-, HHS Public Access
«

Published in final edited form as:
J Pedjatr Surg. 2020 December ; 55(12): 2657-2661. doi:10.1016/j.jpedsurg.2020.03.008.

De novo somatic mutations and KRAS amplification are
associated with cholangiocarcinoma in a patient with a history
of choledochal cyst

Marisa E. Schwab®!, Hanbing SongP?, Aras Mattis¢, Andrew Phelpsd, Lan T. Vu?, Franklin
W. Huang®, Amar Nijagal®”
aDepartment of Surgery, University of CA, San Francisco, USA

bDepartment of Medicine, University of CA, San Francisco, USA
¢Department of Pathology, University of CA, San Francisco, USA

dDepartment of Radiology, University of CA, San Francisco, USA

Abstract

Background/Purpose: Choledochal cysts are congenital dilations of the bile ducts, and are
associated with an increased risk of malignant transformation. The purpose of this study is to
report the outcomes of a large series of patients with choledochal cysts and to highlight our
analysis of one patient who developed malignancy after cyst resection.

Methods: We conducted a retrospective review of patients <18 years of age with a choledochal
cyst who underwent surgical resection between 1995 and 2018. Molecular testing of resected
choledochal cyst specimens using the UCSF500 gene panel was performed on three patients
including a 3-month-old boy and a 7-year-old girl who have remained cancer-free, and a 16-year-
old girl who subsequently developed cholangiocarcinoma less than two years after resection.

Results: One patient of the 48 included in our study developed cholangiocarcinoma after
choledochal cyst resection. We observed de novo somatic mutations in 7P53and RBM10, and
KRAS amplification in this patient’s tumor.

Conclusions: In our series, the rate of malignancy after choledochal cyst resection was low. One
patient developed de novo mutations in the remnant bile ducts after cyst resection. While it is a
rare occurrence, the risk of malignancy following cyst resection supports the need for lifelong
surveillance.
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Choledochal cysts (CCs) are a rare congenital anomaly characterized by dilation of the
biliary tree. The most common type of CC is a fusiform dilation of the extrahepatic bile
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ducts for which surgical resection and creation of a biliary-enteric anastomosis are
performed. Compared to the 0.0001-0.008% incidence of cholangiocarcinoma in the general
population, [1] the rate of malignant transformation in patients with CC prior to resection is
~10%, [2] resulting in a 1000-fold increase in the incidence of cancer in these patients. The
prevailing theory of oncogenesis in patients with CC postulates that abnormal mixing of
biliary and pancreatic fluid contributes to chronic inflammation and malignant
transformation [3]. This abnormal mixing of fluids also occurs in patients with an
anomalous pancreaticobiliary junction (APBJ) which occurs concurrently with CC in more
than 70% of patients [4] and is independently associated with an increased risk for bile duct
cancer [4]. Despite the association between abnormal mixing of biliary and pancreatic fluids
in CC and the development of malignancy, this association alone does not account for the
~90% of patients who do not develop cancer despite chronic exposure to these fluids. We
reviewed our institutional experience of surgical resections of CC in pediatric patients and
identified one patient who developed malignancy after CC resection.

1. Materials and methods

1.1. Study design and patient cohort

Pediatric patients (18 years of age or less) who had undergone resection of a choledochal
cyst between 1995 and 2018 at the University of California San Francisco (UCSF) were
retrospectively reviewed. A total of 12 fellowship-trained, board-certified pediatric surgeons
performed operations for choledochal cyst in the patient cohort. Four surgeons performed 7—
8 operations each, constituting more than 60% of the cases. Two surgeons did 4 cases, one
surgeon did 3 cases, and one surgeon performed 2 cases. Four surgeons performed a single
case each in this series. Each surgeon had at least 2 years of experience in performing these
operations. Demographic information, details of their diagnosis (imaging, reason for
imaging, labs), and details of their surgery (timing, type of procedure, post-operative
complications) were collected from the patients’ charts. Follow-up timing and imaging, if
applicable, were included.

1.2. UCSF500 choledochal cyst analysis

Molecular testing was performed on samples from three patients: one patient with a
confirmed malignancy that developed after CC resection (the initial resected cyst specimen
and the tumor were included), one patient deemed at low risk for malignancy, and one
patient deemed at high risk for malignancy. The determination of high risk and low risk for
malignancy was based on the prevailing theory that abnormal mixing of pancreatic and
biliary fluid promotes malignant transformation. Therefore, we identified one patient as
being low risk based on the patient’s young age and the absence of APBJ. Conversely, one
patient was identified as high risk based on the patient being older and the presence of an
APBJ.

The UCSF500 test is a molecular test of ~500 different genes, making it one of the most
comprehensive cancer tests currently available. This assay is a DNA sequencing assay
targeting the coding regions of 479 cancer-related genes and introns from 42 genes that are
often rearranged or altered in cancer for structural variants detection, and intergenic regions
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along each chromosome for copy humber assessment [5]. The analysis performed by
UCSF500 used the human reference sequence UCSC build hg19 (NCBI build 37). Single
nucleotide variants (SNVs) and small indels were detected using a Bayesian genetic variant
detector FreeBayes [6] and a breakpoints detection toolbox Pindel [7], followed by
annotations against databases including Exac, 1000Genome, dbSNP to filter out germline
mutations. Copy number variations were inferred and visualized in a python library and
command-line software toolkit CNVkit [8], and structural variants were detected with the
integrated structural variant detector Delly [9]. Integrated Genome Viewer [10] was used to
visualize and validate the SNVs.

1.3. Study approval

The UCSF Institutional Review Board (IRB) committee approved the collection of these
patient data.

2. Results

2.1. Patient series

Between 1995 and 2018, 48 patients underwent resection of a CC at our institution (Table
1). The mean age at resection was four years, with 33.3% (7 = 16) diagnosed prenatally.
Sixty five percent (7= 31) were female. The patient population was composed of a variety
of ethnicities: 31% Hispanic/Latino (7= 15), 23% Caucasian (n= 11), 17% Asian (n=8),
10% Native Hawaiian or Pacific Islander (7= 5), 4% African American (7= 2), and 15% of
unknown ethnicity (7= 7). More than half (56%, 7= 27) were symptomatic. The average
time between diagnosis and resection was 7.3 months. Three of the patients in this series
were included in a previous publication from our institution in 2004, detailing the
laparoscopic excision of three type | choledochal cysts [11]. Four patients were noted on
preoperative imaging to have an anomalous pancreaticobiliary junction. Most patients in the
current series had a type | CC (56.3%, 7= 27) and underwent CC excision with a
hepaticoduodenostomy (43%, n= 21).

2.2. Surgical outcomes

Seventeen (35%) patients developed a postoperative complication. Sixteen percent (7= 8)
developed an early postoperative complication (defined as within 30 days of surgery.) This
included four patients who developed an infection (one patient developed a urinary tract
infection, the second patient developed both a urinary tract infection and pneumonia, the
third developed cholangitis requiring only antibiotic therapy, and the fourth patient
developed enterococcal bacteremia of unclear source). Two patients developed a biliary leak
requiring surgical revision. Two patients who underwent a Roux-en-Y hepaticojejunostomy
required reoperation for bowel ischemia.

Nineteen percent (/7= 9) of patients developed late complications (defined as greater than 30
days following surgery.) This included seven patients who developed chronic abdominal
pain, one patient who died secondary to volvulus, and one patient who died following the
development of cholangiocarcinoma (discussed further below).
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2.3. Malighancy

Seventy-nine percent of patients (7= 38) were followed at our institution. The median
follow-up time was 15 months (range 0-14 years). One patient in our series developed
cholangiocarcinoma after CC resection (2.0%, n=1). This patient was a 16-year-old girl
who presented with several months of abdominal pain and emesis. An MRCP revealed a
large fusiform dilation of the common bile duct (Fig. 1A). Within 5 days, she underwent a
laparoscopic excision of a Type | CC with hepaticoduodenostomy. A postoperative MRCP
revealed interval resolution of extrahepatic biliary dilation and mild intrahepatic dilation.
Sixteen months later, she presented with abdominal pain and elevation of her CA19-9 to 73
U/mL. An MRCP performed at that time was unremarkable, demonstrating unchanged mild
intrahepatic biliary dilation. Almost two years after surgery, she presented with worsening
abdominal pain, a CA19-9 of 1859 U/mL, and an MRCP showing an infiltrative mass in the
porta hepatis and new severe intra- and extrahepatic ductal dilation (Fig. 1B). Biopsies
obtained via endoscopy confirmed cholangiocarcinoma and the patient was subsequently
started on chemotherapy (Gemcitabine/Cisplatin). Restaging after 4 cycles revealed >50%
reduction in the primary tumor and nodal size. However, in the ensuing months her tumor
progressed and she died three years after her initial CC resection.

2.4. UCSF500 assay analysis

Resected CC specimens from three patients were analyzed for genetic alterations using the
UCSF500 assay (Table 2) [5]. The resected CC specimen and tumor of the patient who
developed cholangiocarcinoma were sequenced, as well as the CC specimens from two
younger control patients. Patient 1 was the previously described 16-year-old girl. Patient 2
was a 7-year-old girl who underwent cyst excision with hepaticoduodenostomy, and Patient
3 was a 3-month-old boy who underwent cyst excision with hepaticoduodenostomy. After
filtering against multiple databases to remove any documented germline mutations and
possible sequencing and alignment artifacts, two somatic mutations were identified: 7P53
p.C135Y and RBM10p.R836fs in the cholangiocarcinoma. These two mutations were
considered somatic mutations owing to the fact that their mutation allelic frequencies were
27% and 13%, respectively, and were therefore unlikely a technical artifact, and because
these two mutations were not detected in the matched and unmatched CC specimens. In the
copy number analysis, setting a copy number log?2 ratio of 2 as a threshold, we identified a
high-level KRAS amplification in the tumor specimen (copy number log?2 ratio of ~3.5) that
was absent in the matched CC specimen and the other two CC specimens (Fig. 2). No other
outstanding copy number amplifications or deletions (log2 ratio >2 or <—2) were found.

3. Discussion

In this study, we report our experience with surgery for CC and describe the presence of
somatic mutations in 7P53and RBM10, and amplification of KRASin one patient who
developed cholangiocarcinoma after CC resection. Notably, none of these mutations
appeared in control CC specimens, indicating that mutations occurred de novo in the patient
who developed malignant transformation after CC resection.
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The risk of malignant transformation in CC is well documented. Eight percent to 15% of
untreated patients with CC develop carcinoma, most commonly cholangiocarcinoma [12]
although squamous cell carcinoma, gallbladder adenocarcinoma, and intraductal biliary
papillomatosis have also been described [13]. Xia et al. found that of the 33 patients who
developed malignancy (out of a total 196 patients with a history of CC), all had experienced
cholangitis [14]. Types | and 1V carry the highest risk of malignancy [15]. A SEER-
Medicare population-based study revealed an odds ratio between CC and intrahepatic
cholangiocarcinoma of 36.9 and 47.1 for extrahepatic cholangiocarcinoma [16]. In the
largest case series from a Western institution, Edil et al. described five of their 92 patients
having malignant disease associated with their CC at the time of resection (3
cholangiocarcinoma, 1 gallbladder cancer, and 1 embryonal rhabdomyosarcoma) of which
only 2 patients had positive margins at resection. They also found an additional three
patients who developed malignancy after their resection (2 cholangiocarcinoma, 1 pancreatic
adenocarcinoma), and died 8, 9, and 21 years following their initial resection [17].

While CCs are typically thought of as a pediatric disease, today 70% of patients diagnosed
with CC are adults [18]. In the largest case series of CC, Lee et al. examined the risk of
malignancy in 808 patients with a history of CC diagnosed in adulthood in Korea. Almost
10% of patients had a biliary malignancy found at the time of CC resection. Furthermore,
the risk of a biliary malignant tumor was age-related: 1.3% in the 21-30 year old group
versus 23.5% in the 71-80 year old patient group [18]. Their univariate analysis revealed age
> 40, preoperative serum carcinoembryonic antigen >0.05 ng/ml, preoperative serum cancer
antigen 19-9 (CA 19-9) >37 U/L and the presence of APBJ to be associated with biliary
malignancy in patients with a history of CC. On multivariate analysis, only CA 19-9
remained a significant factor [18].

Hepaticojejunostomy and hepaticoduodenostomy are the two most common types of biliary-
enteric reconstitution after CC resection. A meta-analysis of six retrospective studies,
encompassing a total of 679 patients, evaluated the outcomes after these two techniques and
revealed hepaticoduodenostomy to have a higher postoperative rate of bile reflux gastritis
[19]. However, rates of other complications, including cholangitis and reoperation, did not
differ significantly between the two patient groups. No patient developed cancer in the
included articles; thus, malignancy rate was not addressed. There are limited case reports
describing cholangiocarcinoma after CC resection, after both hepaticoduodenostomy and
hepaticojejunostomy [20,21], thus making it difficult to draw conclusions as to which
reconstruction technique best mitigates long-term cancer risk. The 2017 Japanese clinical
guidelines state that while a hepaticojejunostomy is most often adopted, owing to its ability
to prevent reflux gastritis, there is no uniform view as to which technique is better (level B)
[22]. The potential need to access the biliary-enteric anastomosis via endoscopic retrograde
cholangiopancreatography has made hepaticoduodenostomy the preferred reconstructive
option for our practice.

The specific molecular pathways leading to malignancy in patients with CC are poorly
understood [23]. Malignancy most commonly develops at the hepatic duct at or near the
biliary-enteric anastomosis, followed by the intrahepatic duct, and distal choledochus [18].
Recently, Weinberg et al. showed that intrahepatic and extrahepatic cholangiocarcinomas
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have different tumor biology, with extrahepatic tumors having a higher rate of KRAS,
CDKNZA, and BRCAI mutations [3,24]. In our patient, an extrahepatic cholangiocarcinoma
was found to have KRAS amplification, along with somatic mutations in 7P53and RBM10.
Mutations in 7P53and RBM10have been previously observed in larger cohorts of
cholangiocarcinoma at a frequency of 8.9% and 1.1% respectively [25,26]. As in our patient,
the survival rates after treatment of cholangiocarcinoma in patients who had a CC resected
in childhood are poor, with 50% at 2 years and 25% at 3 years [27]. With the known
unfavorable outcome of cholangiocarcinoma even with aggressive treatment, close post-
resection surveillance is essential.

The sequence of events that leads to malignant transformation in CC is unknown. The
prevailing theory is that malignancy develops in patients with a history of choledochal cyst
resection secondary to chronic inflammation of the remaining bile ducts, suggesting that
mutations that lead to oncogenic transformation accumulate over time. However, our case of
a patient who developed de novo KRAS amplification and mutations in 7P53and RBM10
shortly after her cyst resection suggests that the malignant transformation seen in this patient
was sporadic. Broad conclusions regarding the molecular pathway leading to malignancy
after CC cannot be drawn based on the single patient in our series who developed
malignancy. Moreover, the UCSF500 panel is a molecular test that does not account for all
potential pathways leading to malignant transformation.

There are no standard guidelines on the recommended frequency of follow-up for patients
after resection of a CC. A review of the literature on malignancy in patients with a history of
choledochal cyst led Madadi-Sanjani et al. to establish the following guidelines: a yearly
abdominal ultrasound and “laboratory controls of the parameters of cholestasis”, to which
CA19-9 is added once the patient reaches adulthood [3]. MRCP and US are the most
commonly used imaging techniques for postop surveillance [28]. For adults with a history of
choledochal excision in childhood, the University of British Columbia advocates for
biochemical analysis (aspartate aminotransferase, alkaline phosphatase) every 4 months for
2 years then every 6 months for 5 years, as well as a yearly ultrasound for 5 years [29]. We
routinely follow our patients with an annual CA19-9 and US every 5 years. Elevations in
CA19-9 warrants further investigation by MRCP and/or ERCP with brushings. Regular
follow-up is imperative given the persistent risk of developing cholangiocarcinoma even
after CC resection.

4. Conclusions

In this study, we report a large series of patients with CC who underwent close postoperative
follow-up. One patient in our series developed cholangiocarcinoma after CC resection and
was found to have de novo somatic mutations and KRAS amplification. Further work is
needed to determine the precise sequence of molecular events that lead to these mutations
and the progression to cancer in patients with CC. We recommend close lifetime follow-up
for these patients.
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Fig. 1.
Coronal T2-weighted MRI images of the right upper abdomen. (A) 16-year-old female with

two months of intermittent severe abdominal pain, found to have focal cystic dilation of the
common bile duct (Type I choledochal cyst, annotated with star). The lumen of the cyst
communicates with the dilated common hepatic duct (arrow). The cyst involves the distal
intrapancreatic bile duct, resulting in splaying and displacement of the pancreatic
parenchyma and pancreatic duct (arrow heads). (B) Same patient two years after cyst
resection, presenting with new progressive pain, jaundice, and elevated serum bilirubin and
CA19-9. MRI demonstrates new ill-defined infiltrative mass in porta hepatis (star) with
severe intrahepatic biliary dilation (arrow).
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Fig. 2.
Unique copy number alterations in the tumor specimen of patient 1, not seen in the other

choledochal cyst (CC) specimens of patients 1, 2 or 3.
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Demographic and surgical data.

n (%)
Ageat resection
0-3 months 8 (17%)
3-12 months 9 (19%)
1-4 years 14 (29%)
4-10 years 12 (25%)
>10 years 5 (10%)
Gender
F 31 (65%)
M 17 (35%)
Ethnicity
Hispanic/Latino 15 (31%)
Caucasian 11 (23%)
Asian 8 (17%)
Native Hawaiian or Pacific Islander 5 (10%)
African American 2 (4%)
Unknown 7 (15%)
Typeof CC
Type | 28 (58%)
Type Il 1 (2%)
Type 11 1(2%)
Type IV 7 (15%)
Type V 0 (0%)
Unknown 11 (23%)
Symptomatic
Yes 27 (56%)
No 21 (44%)
Time between diagnosis and resection
<1 week 12 (25%)
1 week-1 month 6 (12%)
1 month-1 year 20 (42%)
>1 year 6 (12%)
Not recorded 4 (9%)
Type of biliary-enteric reconstruction
Hepaticoduodenostomy 21 (43%)
Roux-en-Y Hepaticojejunostomy 19 (40%)
Other type 8 (17%)
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