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Objectives: To evaluate the magnetic resonance imaging (MRI) features of bile
duct adenoma.

Methods: The data of 28 patients [with 32 pathologically confirmed bile duct
adenomas, including 15 with malignant change (malignant group) and 17 without
malignant change (benign adenoma group)] were retrospectively reviewed.
Abdominal MRI was performed for all patients; in addition, dynamic enhanced
MRI was performed for 18 lesions. The MRI features, including lesion location,
maximum size, morphology, signal characteristics, enhancement type, and
appearance of the bile duct, were assessed by two abdominal radiologists.
Apparent diffusion coefficient (ADC) values were measured and compared.

Results: Of the 32 bile duct adenomas, 22 (68.75%) involved the common bile
duct (CBD). While 14/32 (43.75%) lesions presented as focal eccentric-type
masses, 9/32 (28.13%) presented as plaque-like masses, 4/32 (12.50%) as bile
duct casting masses, and 5/32 (15.62%) as infiltrative masses. A frond-like
superficial appearance was seen in 8/32 (25%) lesions. Infiltrative masses were
significantly more common in the malignant group than in the benign adenoma
group (P = 0.015). While 23/32 (71.88%) lesions were isointense on T1-weighted
imaging (T1WI), 24/32 (75%) were hyperintense on T2-weighted imaging (T2WI).
Bile duct dilatation was present upstream of the lesion in all cases. Bile duct
dilatation at the lesion was seen in 24/32 (75%) cases and downstream of the
lesion in 6/32 (18.75%) cases. Of the 18 lesions that underwent dynamic
enhanced MRI, 14 (77.78%) showed moderate enhancement and 13 (72.22%)
showed persistent enhancement. On diffusion-weighted imaging (DWI), 27/32
(84.37%) lesions showed hyperintensity. Mean ADC value was comparable
between the malignant group and the benign adenoma group (P = 0.156).

Conclusions: Bile duct adenoma primarily presents as intraductal growth in the
CBD, usually with bile duct dilatation at the lesion site or upstream to it. Most
lesions are isointense on T1WI, are hyperintense on T2WI| and DWI, and show
moderate enhancement. A superficial frond-like appearance of the lesion and bile
duct dilatation at the lesion or downstream to it might be characteristics of bile
duct adenoma. An infiltrative appearance might indicate malignant transformation.
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Introduction

Benign tumors of the bile duct are rarer than malignant ones.
Bile duct adenomas, first reported by Carrolli in 1959, account for
two-thirds of all benign biliary tumors (1) and for 0.1% of all biliary
tract surgeries (2). Bile duct adenomas arise from the bile duct
epithelium. The incidence and pathogenesis remain unclear (3).
Because of the risk of recurrence and progression to
cholangiocarcinoma, curative resection is the treatment of choice
for bile duct adenomas (4). However, preoperative diagnosis is
difficult because clinical symptoms and laboratory tests are
nonspecific (5). Definitive diagnosis requires pathological
examination, which is invasive, and the materials used for
pathological puncture are limited (6).

Magnetic resonance imaging (MRI), with its high soft-tissue
resolution, is an important noninvasive modality for the diagnosis
of hepatobiliary disease (7), but the MRI characteristics of bile duct
adenoma have not yet been clearly defined. In the report on bile
duct adenoma by Aslam et al. (8), the pictures show hypointensity
on the T1-weighted image (T1WI) and hyperintensity on the T2-
weighted image (T2WTI), but the authors did not describe in detail
the signal characteristics of bile duct adenomas.

The aim of this retrospective study was to analyze the MRI
features of bile duct adenomas diagnosed at our center.

Methods

This cross-sectional retrospective study was approved by our
hospital’s institutional review board, with a waiver of the need for
informed consent.

Patients

The study sample was selected by searching our institution’s
pathology database to identify all patients diagnosed with bile duct
adenoma from the year 2008 to 2022. Patients were included in this
study if they 1) were 218 years old and 2) had pathologically
confirmed bile duct adenoma. Patients who did not undergo
preoperative MRI and those with concurrent cholangiocarcinoma
or history of liver surgery were excluded. A total of 28 patients (with
32 bile duct adenomas overall) met the eligibility criteria. The
clinical data of the patients and the imaging features of the
lesions were recorded.

Image acquisition

MRI was performed using a 3T MRI system (MAGNETOM
Prisma, Siemens Healthcare, Erlangen, Germany) equipped with an
18-channel phased-array body coil. Patients were asked to abstain
from solid food and water for 4-6 h before the imaging
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examination. The scan sequences included the following: 1)
coronal T2WI (single-shot turbo spin-echo; TR = 1,400 ms; TE =
87 ms; refocusing flip angle = 150° matrix size = 256 x 256; slice
thickness/gap = 5.0/1.5 mm); 2) axial T2WI (fat-suppressed turbo-
spin-echo sequence; TR = 3,000 ms; TE = 87 ms; refocusing flip
angle = 100° matrix size = 256 x 256; slice thickness 5.0 mm with
1.5 mm gap); 3) diffusion-weighted imaging (DWTI; b-value = 50,
800 smm% TR = 5,600, TE = 58.0, refocusing flip angle = 140°%
matrix size = 128 x 128); and 4) coronal and axial TIWI (Dixon
sequence; TR = 3.97 ms; TE = 1.29 and 2.52 ms; flip angle = 9.0%
matrix size = 182 x 320; slice thickness = 3.0 mm with a 0.6-mm
gap). In addition, dynamic T1WI was performed for 18 patients;
arterial (25-40 s), portal venous (45-90 s), and delayed phase (3-5
min) images were obtained after contrast media injection
(Magnevist; Schering, Berlin, Germany; 0.1 mmol/kg body
weight) at a rate of 2 mL/s.

Imaging analysis

Two senior board-certified abdominal radiologists (with 7-10
years of experience) blinded to the clinical information
retrospectively reviewed the abdominal MR images. Conclusions
were arrived at by consensus. The radiologists recorded the 1) lesion
location; 2) lesion morphology (focal eccentric-type mass, plaque-
like mass, bile duct casting mass, or infiltrative mass, i.e., invasion of
the bile duct muscle layer or growth out of the duct; Figure 1); 3)
growth pattern; 4) signal intensity on TIWI, T2WI, and DWI
(hyperintense, hypointense, or isointense as compared to the signal
intensity of normal liver parenchyma); 5) enhancement degree of
the adenoma in the phase with the highest degree of reinforcement
(slight enhancement, moderate enhancement, or obvious
enhancement as compared to that of normal hepatic
parenchyma); 6) enhancement pattern (stable and persistent,
wash-in and wash-out, or progressive reinforcement); and 7)
appearance types of the bile duct.

The maximum size of the lesion on axial and coronal T2WI was
recorded. The apparent diffusion coefficient (ADC) value of the
lesion was measured at the level of its greatest extent. For ADC
mapping, the region of interest (ROI) was placed to include only the
solid part of the lesion, avoiding areas of liquefaction, necrosis, or
bleeding as far as possible.

The diameter of the extrahepatic bile duct (EBD) was measured
at the level of maximum dilatation. Dilatation was defined as 1)
diameter >7 mm in patients <60 years old and without a history of
cholecystectomy; 2) diameter >9 mm in patients aged >60 years and
without a history of cholecystectomy; or 3) diameter >10 mm in
patients with a history of cholecystectomy (9).

Statistical analysis

Statistical analysis was performed with SPSS 21.0 (IBM Corp.,
Armonk, NY, USA). Qualitative data were expressed as percentages
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FIGURE 1

(A) Normal bile duct. Bile duct adenoma presents as focal eccentric-type mass (B1, B2), plaque-like mass (C), bile duct casting mass (D1, D2), and
infiltrative mass (E1, E2). Frond-like superficial appearance on focal eccentric-type mass (B2), bile duct casting mass (D2), and infiltrative mass (E2).

and compared using the chi-square test or Fisher exact test.
Quantitative data were expressed as means + standard deviation
and compared using the independent-sample t-test. P < 0.05 was
considered statistically significant.

Results

Clinical data

Out of 56 patients initially identified from the pathology
department database, 28 were excluded because of incomplete
preoperative imaging examinations. The remaining 28 patients
(18 men, 10 women) formed the study cohort. Table 1 shows the
baseline demographic and clinical characteristics of the patients.

Imaging findings

The 28 patients had a total of 32 lesions; while 26 patients had
single lesions, 2 patients had three lesions each (one patient had
dual plaque-like masses and an infiltrative mass, and the other
patient had three plaque-like masses; Figure 2).

Of the lesions, 22/32 (68.75%) involved the common bile duct
(CBD); while 13/32 (40.63%) lesions involved the distal CBD, 7/32
(21.88%) involved the CBD and the common hepatic duct (CHD),
2/32 (6.25%) involved only the CHD, and 1/32 (3.13%) involved
only the left intrahepatic bile duct (Table 2). According to location,
the lesions were divided into two groups: a distal CBD group (n =
13) and a non-distal CBD group (n = 19). Mean lesion size was
significantly greater in the non-distal CBD group (36.91 *
19.26 mm vs. 18.23 + 6.80 mm, P = 0.001; Table 3).

Mean lesion size in the whole sample was 30.83 + 20.93 mm. All
patients presented with an intraluminal ductal mass. While 14/32
(43.75%) lesions presented morphologically as focal eccentric-type
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masses (Figure 3), 9/32 (28.13%) presented as plaque-like masses, 4/
32 (12.50%) as bile duct casting masses, and 5/32 (15.62%) as
infiltrative masses. In addition, 8/32 (21.88%) lesions showed a
frond-like superficial appearance accompanied by other
morphologically categorized appearances other than plaque-like
superficial (Figures 4, 5; Table 2).

Bile duct dilatation upstream of the lesion was present in all
cases. Bile duct dilatation downstream of the lesion was present in
6/32 (18.75%) cases (Figure 6) and at the lesion in 24/32 (75%)
cases. In 8/32 (25%) cases, there was a stricture in the bile duct
lumen at the lesion, along with an enlarged bile duct diameter; while
four were cases of bile duct casting masses, the other four were cases
of plaque-like masses.

On standard MRI scanning, 24/32 (75%) lesions showed
hyperintensity and 9/32 (25%) showed isointensity on T2WI, while
9/32 (28.12%) lesions showed isointensity and 23/32 (71.88%)
showed hyperintensity on TIWL In addition, 3/32 (9.38%) lesions
showed speckled hyperintensity on TIWI (Figure 7).

On dynamic enhanced MRI, 14/18 (77.78%) lesions showed
moderate enhancement, 2/18 (11.11%) showed obvious
enhancement, and 2/18 (11.11%) showed slight enhancement. While
13/18 (72.22%) lesions showed stable and persistent enhancement, 5/
18 (27.78%) showed wash-in and wash-out enhancement (Table 2).

On DWI (b = 800 ss-mm™), 5/32 (15.63%) adenomas showed
isointensity (Figure 2) and 27/32 (84.37%) showed hyperintensity.
In 2/32 (6.25%) cases, the bile duct wall around the lesion showed
hyperintensity on DWI (Figure 8). The mean ADC value of the
lesions was 1.65 + 0.38 x 10> mm?>s™' (Table 2).

Imaging findings in the malignant group
versus benign adenoma group

According to whether or not malignant change was present, the

adenomas were divided into two groups: a malignant group (n = 15)
and a benign adenoma group (n = 17). Plaque-type lesions were
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TABLE 1 Characteristics of the patients (n = 28) and the adenomas (n =
32).

Clinical data Data

Age, years, mean + SD 63.19 £ 10.72
Sex, n (%)
Male 17 (60.71)
Female 11 (32.29)

Laboratory data, mean + SD

ALT (U/L) 102.96 + 107.62
AST (U/L) 76.74 + 67.19
ALP (U/L) 378.96 + 344.80
GGT (U/L) 502.23 + 549.33
Direct bilirubin (umol/L) 89.87 + 22.11
Indirect bilirubin (pumol/L) 2423 + 54.23

CAI19-9 (U/mL) 1,198.96 + 2,633.66

Pathologic findings, n (%)

Tubular 2 (6.25)
Papillary 1(3.13)
Tubulopapillary 29 (90.62)
Invasion of bile duct muscle layer, n (%)
Yes 5 (15.63)
No 27 (84.38)
Clinical symptoms, n (%)
Jaundice 12 (42.86)
Abdominal pain 6 (21.43)
Intermittent fever 5(17.86)
Abdominal distension 1(3.57)
Pruritus 1(3.57)
Anorexia 1(3.57)
Asymptomatic 4 (14.29)

SD, standard deviation; ALT, alanine transaminase; AST, aspartate transaminase; ALP,
alkaline phosphatase; GGT, gamma-glutamyltransferase.

significantly more common in the benign adenoma group, while
infiltrative lesions were significantly more common in the
malignant group (P = 0.018 and P = 0.015, respectively; Table 4).

Discussion

The 1991 World Health Organization classification of benign
bile duct tumors divides adenomas into three types: tubular
adenomas, papillary adenomas, and ductal papillary adenomas
(10). In our cohort, tubulopapillary adenomas were the
predominant type (90.62%).
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Patients with bile duct adenoma present with symptoms such as
abdominal pain, jaundice, fever, dyspepsia, nausea, vomiting,
fatigue, and pruritus. Pancreatitis may occur if the lesion
compresses the pancreatic duct (11). Consistent with previous
reports (12), we found that patients usually have elevated levels of
blood bilirubin, liver enzymes, and alkaline phosphatase. In this
study, the mean age at diagnosis was 63.8 years, with men being
more commonly affected (male:female ratio, 1.6:1). Previous studies
have reported inconsistent results on the incidence of adenoma in
men versus women (13) possibly due to the low incidence of the
disease and small sample sizes. Most patients have only a single
lesion (92.86% in our cohort), but multiple lesions may also occur
(5, 14). Only two of our patients had multiple lesions.

Bile duct adenoma may arise anywhere in the bile duct.
Extrahepatic bile ducts are involved in most cases (the distal
extrahepatic biliary tree was frequently involved among our
patients). However, the intrahepatic bile duct, cystic duct,
gallbladder, or pancreatic duct may also be involved (15). In our
patients, bile duct adenoma mainly occurred in large bile ducts,
including the CBD, CHD, and the left hepatic duct. The distal CBD
was most commonly affected in our cohort, as has been reported in
other studies (11). Lesions in the distal CBD tended to be smaller
than those in the non-distal CBD probably because earlier onset of
obstructive symptoms led to earlier detection. Sex distribution,
laboratory results, and other imaging findings were comparable
between the distal and non-distal CBD groups.

Anum et al. classified intraductal papillary neoplasm of the bile
duct (IPNB) morphologically as intraluminal polypoid, patellar,
invasive, or lobulated with mural nodules (8). Struyve et al. (16)
reported that bile duct adenoma is accompanied by bile duct dilatation
with multiple irregular filling defects. However, the expression of bile
duct adenoma morphology might be incomplete due to the small
number of previous cases. In our patients, bile duct adenoma
presented as intraductal focal eccentric-type mass, plaque-like mass,
bile duct casting mass, or infiltrative mass. Bile duct adenoma
presenting as a bile duct casting mass has not been previously
reported. Interestingly, we found that two growth morphologies
could simultaneously occur in the same patient. There have been
earlier reports of bile duct adenoma with frond-like appearance (17).
In this study, the superficial frond-like appearance was seen in a few
lesions (25%) other than plaque-like lesions.

In our patients, bile duct adenomas were isointense or
hypointense relative to the normal liver on TIWI and isointense
or hyperintense on T2WI. Among the 32 lesions studied, most
showed isointensity on TIWI and hyperintensity on T2WI.
Speckled hyperintensity on TIWI was seen in three lesions,
probably indicating intralesional hemorrhage. After contrast
injection, most lesions showed moderate enhancement, but other
levels of enhancement were seen in a few. Stable and persistent
enhancement was most common, but wash-in and wash-out
pattern was also seen in some cases. These findings are consistent
with previous reports (18). On DWI, most lesions were
hyperintense, but other signal intensities were also seen.

In a previous imaging-based study, 60% of patients with
extrahepatic bile duct adenoma had bile duct dilatation (11);
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FIGURE 2

Malignant transformation of adenoma, with three lesions in the common hepatic duct and common bile duct. The first eccentric mass, with a frond-
like superficial appearance (*), shows hyperintensity on T2WI (A, B), hypointensity with speckled hyperintensity (short arrow) on the T1WI (C),
hyperintensity on DWI (D), and slight continuous enhancement (E—G). The second lesion, presenting as a plaque-like mass (long arrow) shows
hyperintensity on T2WI (B), hypointensity on the TIWI (C), hyperintensity on DWI, and hyperintensity on DWI (D). The T1-postcontrast arterial phase
(E), portal phase (F), and delayed phase (G) all show slight enhancement. The bile duct wall is thickened at the base of the lesion (thick arrow). The
third lesion, presenting as an eccentric mass (arrow), is hyperintense on coronal T2WI (A). The bile duct upstream and at the site of the most distal

lesion is seen dilated on coronal T2WI (A).

however, the authors did not provide a detailed description of
features of the dilated duct. In this study, bile duct dilatation was
seen upstream of the lesion in all cases; while dilatation at the lesion
site was common, dilatation downstream of the lesion was seen in
only a few cases. Among the six cases with downstream bile duct
dilatation, two lesions were secreting mucus with a doughy or jelly-
like consistency, which may have blocked the distal bile duct. There
have been previous reports of this phenomenon in patients with
IPNB but not in patients with bile duct adenoma (19). Four of the
six cases of downstream dilatation were in patients with multiple
adenomas, with the dilatation being due to blockage of the bile duct
by the distal lesion. Stricture of the bile duct lumen at the lesion site,
with overall increase in bile duct diameter and upstream dilatation,
was seen in all cases of bile duct casting masses and several cases of
plaque-like masses. As mentioned earlier, in cases of plaque-like
masses, bile duct dilatation at the lesion site was because of duct
obstruction by lesions or secretions downstream.

Bile duct adenomas are benign epithelial tumors with
potential for malignant transformation (2). In our study,
malignant transformation was identified in 15 of the 32
lesions. Age, sex, and laboratory data were not significantly
associated with malignant transformation. In the absence of
specific clinical features or laboratory parameters, diagnosis of
malignancy can be challenging. A previous study reported that
an elevation in carbohydrate antigen 19-9 (CA19-9) may be
indicative of malignant transformation of adenoma (20).
However, we found no significant difference in CA19-9
between the malignant group and the benign adenoma group

Frontiers in Oncology

TABLE 2 MRI characteristics of bile duct adenomas.

MRI finding n (%)
Morphological classification
Eccentric-type 14 (43.75)
Bile duct casting 4 (12.50)
Plaque-like 9 (28.13)
Infiltrative 5 (15.62)
Site

CBD/distal CBD

22 (68.75)/13 (40.63)

CHD 2 (6.25)

CBD and CHD 7 (21.88)

Left hepatic duct 1(3.13)
TIWI

Isointensity 23 (71.88)

Hypointensity 9 (28.12)

Speckled hyperintensity 3 (9.38%)
T2WI

Isointensity 8 (25.00)

Hyperintensity 24 (75.00)

(Continued)
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TABLE 2 Continued

MRI finding n (%)

Frond-like 8 (25.00)
Enhancement degree
Obvious 2 (11.11)
Moderate 14 (77.80)
Slight 2 (11.11)
Enhancement pattern
Stable and persistent 13 (72.22)
‘Wash-in and wash-out 5(27.78)
Dilatation of bile duct
Upstream of lesion 32 (100.00)
At the lesion 24 (75.00)
Downstream of lesion 6 (18.75)
Dilatation of pancreatic duct 0 (0)
DWI lesion signal
Isointense 5 (15.63)
hyperintense 27 (84.37)
DWI signal of bile duct surrounding the lesion
Hyperintense 2 (6.25)
Isointense 30 (93.75)
ADC, x10°mm®s’!, mean +SD 1.65 +0.38

CBD, common bile duct; CHD, common hepatic duct; TIWI, T1-weighted imaging; T2WI,
T2-weighted imaging; DWI, diffusion-weighted imaging; ADC, apparent diffusion coefficient;
SD, standard deviation.

10.3389/fonc.2023.1180186

in our study; this may have been due to the limited number of
cases. The value of CA19-9 for the diagnosis of malignant
transformation needs further exploration.

Previous studies have found that large gastrointestinal
adenomas are easier to manage than smaller ones (21). However,
in this study, we found no significant difference in lesion size
between the malignant group and the benign adenoma group.
This may have been because the small size of the bile duct lumen
results in early clinical symptoms, with detection of the tumor
before it becomes large. Plaque-like masses were more common in
the benign adenoma group, while infiltrative masses were seen only
in the malignant group. Thus, infiltrative behavior may indicate
malignant transformation. In two cases in this study, the bile duct
wall surrounding the lesion showed hyperintensity on DWI, and
pathology confirmed malignant change in the lesion with invasion
of the bile duct. This sign was present only in the malignant group.
However, there was no significant difference in this sign between the
malignant group and the benign adenoma group. Additionally, the
other signal characteristics, dilated shape of the bile duct, DWI,
enhancement degree, and mode of bile duct adenoma development
have limited ability to distinguish malignant transformation
of adenoma.

In the clinic, bile duct adenoma has to be distinguished from
cholangiocarcinoma and hepatocellular carcinoma (HCC).
Cholangiocarcinoma presents as a mass-forming, periductal-
infiltrating, and intraductal-growing lesion, often accompanied by
upstream dilatation of the bile duct. Frond-like superficial
appearance and dilatation downstream of the lesion are not seen.
The periductal-infiltrating type of cholangiocarcinoma presents
with thickening of the bile duct wall and narrowing of the bile
duct lumen at the lesion site. The intraductal-growing type of
cholangiocarcinoma is relatively rare; it presents as a papillary

TABLE 3 Demographic characteristics, laboratory findings, and MRI features of patients with adenoma in the distal CBD and non-distal CBD.

Frontiers in Oncology
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Clinical information Distal CBD (n = 13) Non-distal CBD (n = 19) y/t

Age, years, mean + SD 59.15 £ 11.70 65.80 +9.28 -1.676 0.106

Sex
Male 3 8 2.673 0.102
Female 10 7

Laboratory data, mean * SD
ALT (U/L) 138.75 £ 102.79 70.58 + 96.00 1.875 0.071
AST (U/L) 90.67 + 72.46 70.84 + 65.77 0.786 0.438
ALP (U/L) 344.27 + 268.15 491.67 + 118.66 -0.893 0.380
GGT (U/L) 539.92 + 598.08 478.50 + 525.66 0.233 0.817
TBil (umol/L) 139.13 + 125.33 72.04 + 112.07 1.551 0.132
Direct bilirubin (umol/L) 112.39 + 101.01 62.48 + 109.22 1.281 0.211
Indirect bilirubin (umol/L) 40.49 + 75.46 823 +9.73 1.532 0.151
CAI19-9 (U/L) 116.40 + 102.58 1,140.63 + 2,234.75 -1.887 0.077

(Continued)
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TABLE 3 Continued

Clinical information Distal CBD (n = 13)

10.3389/fonc.2023.1180186

Non-distal CBD (n = 19) x>/t

Morphological classification, n

Eccentric-type 0.051 0.821
Positive 6 8
Negative 7 11
Bile duct casting 0.200
Positive 4 0
Negative 9 19
Infiltrative >0.99
Positive 2 3
Negative 11 16
Plaque-like 0.050
Positive 1 8
Negative 12 11
Maximum size of lesion, mm, mean + SD 18.23 + 6.80 36.91 + 19.26 -3.889 0.001
Speckled hyperintensity on T1WI, n
Positive 1 3 0.629
Negative 12 16
Frond-like
Positive 1 7 0.101
Negative 12 12
Enhancement pattern
Stable and persistent 6 7 0.596
Wash-in and washout 1 4
Bile duct dilatation downstream of lesion
Positive 0 6 0.059
Negative 13 13
Signal of lesion on DWI
Isointense 4 1 0.132
Hyperintense 9 18
ADC, x10”mm®s’', mean + SD 1.57 £ 0.25 1.70 + 0.4 -1.008 0.323

SD, standard deviation; ALT, alanine transaminase; AST, aspartate transaminase; ALP, alkaline phosphatase; GGT, gamma-glutamyltransferase; TBil, total bilirubin; CA19-9, carbohydrate
antigen 19-9; TIWI, T1-weighted imaging; DWI, diffusion-weighted imaging; ADC, apparent diffusion coefficient.

tumor with dilatation of the duct at the lesion site and may be
difficult to differentiate from the eccentric-type bile duct adenoma.
The mass-forming type of cholangiocarcinoma presents as an
extramural growth in the bile duct area; the bile duct within the
lesion is not clearly displayed on imaging. In addition, intrahepatic
cholangiocarcinoma may be accompanied by hepatic capsular
retraction and targetoid appearance (22). Meanwhile, HCC

Frontiers in Oncology

usually occurs in the background of liver cirrhosis and is typically
accompanied by elevated serum alpha-fetoprotein level. The tumor
avidly enhances in the arterial phase, with “wash-out” and/or
capsule appearance in the portal venous or delayed phase. It
rarely involves bile ducts, so bile duct dilatation is not often seen
(23). In comparison, bile duct adenoma mostly occurs in large bile
ducts; intrahepatic bile duct adenomas are relatively uncommon. It
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FIGURE 3

Adenoma in the common bile duct. The eccentric mass (white arrow) with a frond-like superficial appearance shows hyperintensity on T2WI (A, B),
hypointensity on TIWI (C), and hyperintensity on DWI (D). The bile duct upstream of the lesion and at the lesion is dilated on coronal T2WI (A). The
T1-postcontrast arterial phase (E), T1-postcontrast portal phase (F), and T1-postcontrast delayed phase (G, H) all show slight enhancement.

FIGURE 4

Adenoma in the distal common bile duct. The bile duct casting mass with a frond-like superficial appearance (white arrow) shows hyperintensity on
T2WI (A, B), isointensity on T1WI (C), and hyperintensity on DWI (D). There is narrowing of the bile duct lumen at the lesion site and dilation of the
duct upstream of the lesion (A). The T1-postcontrast arterial phase (E) shows slight enhancement. The T1-postcontrast portal phase (F) and T1-
postcontrast delayed phase (G, H) show moderate enhancement.
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FIGURE 5

Adenoma in the common bile duct. The plaque-like mass (white arrow) shows isointensity on T2WI (A, B), isointensity on TIWI (C), and
hyperintensity on DWI (D). The bile duct lumen at the lesion site is narrow and the diameter of the bile duct is enlarged. Coronal T2WI shows

dilatation of the bile duct upstream of the lesion (A)

FIGURE 6

Adenoma in the left hepatic duct. The plaque-like mass (white arrow) shows isointensity on T2WI (A, B), isointensity on TIWI (C), and hyperintensity
on DWI (D). The bile duct upstream, downstream, and at the lesion is dilated on coronal T2WI (A). T1-postcontrast arterial phase (E), portal phase (F),

and delayed phase (G, H) all show slight enhancement.

displays intraductal growth, sometimes with a frond-like superficial
appearance, and may be associated with bile duct dilatation at the
lesion site or upstream and/or downstream of the lesion.

This study has several limitations. First, this was a retrospective
analysis of data from a single center; therefore, selection bias cannot be
ruled out. Second, the differences in MRI features between various
pathological types could not be investigated due to limited pathological
data. Third, few patients had postoperative follow-up imaging, so there
were limited data on recurrence and any further treatment delivered.
Finally, CT examination was not routinely performed for the patients;
therefore, the CT manifestations of bile duct adenoma and the
combined efficacy of CT and MRI were not analyzed.
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Conclusion

Bile duct adenoma most commonly occurs in the distal
common bile duct, usually showing intraductal growth and
isointensity on TIWI and hyperintensity on T2WI, with mostly
stable, persistent, and moderate enhancement. These tumors
usually show hyperintensity on DWI and are associated with bile
duct dilatation upstream of the lesion. In addition, bile duct
dilatation downstream of the lesion may be a feature of bile duct
adenoma. Adenoma presenting as an infiltrative mass or with DWI
hyperintensity of the bile duct wall surrounding the lesion may be
an indication of malignant transformation.
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FIGURE 7
Adenoma in the common bile duct. The eccentric mass (white arrow) with a frond-like superficial appearance shows hyperintensity on T2WI (A, B),

hypointensity on TIWI (C), and hyperintensity on DWI (D). The bile duct upstream of the lesion and at the lesion is dilated on coronal T2WI (A). The
T1-postcontrast arterial phase (E) shows slight enhancement. The T1-postcontrast portal phase (F) and delayed phase (G) show moderate enhancement

FIGURE 8
Malignant transformation of adenoma in the common bile duct. The eccentric mass with a frond-like superficial appearance (white arrow) shows

hyperintensity on T2WI (A, B), isointensity on T1WI (C), and hyperintensity on DWI (D). The bile duct wall (white arrow) surrounding the lesion,
without any abnormal signal on T2WI (E), shows hyperintensity on DWI (F).
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TABLE 4 MRI findings and clinical data of malignant and benign adenomas.

Clinical information

Benign adenoma group (n = 17)

Malignant group (n = 15)

Y/t

10.3389/fonc.2023.1180186

Age, years, mean + SD 64.60 + 12.55 60.54 + 8.34 -0.991 0.331
‘ Sex
Male 3 8 3.743 0.053
Female 11 6
‘ Laboratory data
ALT (U/L) 107.82 + 123.09 83.79 £ 73.06 0.0642 0.526
AST (U/L) 76.47 + 67.41 81.00 + 71.05 -1.799 0.084
ALP (U/L) 438.29 + 414.88 303.36 + 224.39 -0.970 0.342
GGT (U/L) 611.38 + 556.53 437.00 + 566.63 -0.849 0.403
TBil (umol/L) 111.33 £ 127.20 83.80 + 114.46 -0.632 0.532
Direct bilirubin (umol/L) 85.04 + 96.74 83.04 £ 119.79 0.718 0.479
Indirect bilirubin (umol/L) 31.93 + 69.91 10.92 + 8.69 1.476 0.161
CA19-9 (U/L) 816.18 + 2,273.69 679.80 + 1,414.76 0.195 0.847
Site
Distal CBD 6 7 0.252 0.616
Non-distal CBD 11 8
Maximum size of lesion 28.53 £ 21.04 30.02 + 15.22 -0.230 0.819
Morphological classification
Eccentric-type
Positive 7 7 0.098 >0.990
Negative 10 8
‘ Bile duct casting
Positive 2 2 >0.990
Negative 15 13
‘ Plaque-like
Positive 8 1 0.018
Negative 9 14
‘ Infiltrative
Positive 0 5 0.015
Negative 17 10
‘ Speckled hyperintensity on T1WI
Positive 1 3 0.319
Negative 16 12
‘ Frond-like
Positive 4 4 >0.990
Negative 13 11
‘ Enhancement pattern
Stable and persistent 6 7 >0.990
(Continued)

Frontiers in Oncology

11

frontiersin.org


https://doi.org/10.3389/fonc.2023.1180186
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Huang et al.

TABLE 4 Continued

Clinical information

Benign adenoma group (n = 17)

10.3389/fonc.2023.1180186

Malignant group (n = 15)

Wash-in and washout 2 3

Bile duct dilatation downstream of lesion
Positive 4 2 0.659
Negative 13 13

DWI signal of lesion
Isointense 2 3 0.645
Hyperintense 15 12

DWI signal of bile duct surrounding the lesion
Hyperintense 0 2 0.480
Isointense 17 13
ADC, x10°mm*s™', mean + SD 1.77 £ 0.36 1.55 £ 0.38 -1.464 0.156

SD, standard deviation; ALT, alanine transaminase; AST, aspartate transaminase; ALP, alkaline phosphatase; GGT, gamma-glutamyltransferase; TBil, total bilirubin; CBD, common bile duct;
CHD, common hepatic duct; CA19-9, carbohydrate antigen 19-9; TIWI, T1-weighted imaging; DWI, diffusion-weighted imaging; ADC, apparent diffusion coefficient.

Data availability statement

The raw data presented in this article are not readily available
because of institutional restrictions. Requests to access the datasets
should be directed to JL, liujingjing198631@126.com.

Ethics statement

The studies involving humans were approved by the Ethics
Committee of the First Affiliated Hospital of Zhengzhou
University. The studies were conducted in accordance with the
local legislation and institutional requirements. The ethics
committee/institutional review board waived the requirement of
written informed consent for participation from the participants or
the participants’ legal guardians/next of kin because this study
belongs to retrospective analysis.

Author contributions

Guarantor of integrity of the entire study: MYH and JL. Study
concepts and design: JC and XG. Literature research: MYH, CXL and
YZ. Data collection: MYH and MNH. Data analysis: MYH, CXL and
MNH. Article preparation: MYH. Article review: MYH, JL, JZ, CXL
and YZ. All authors read and approved the final version of the article.

References

1. Levy AD, Murakata LA, Abbott RM, Rohrmann CAJr. From the archives of the
AFIP. Benign tumors and tumorlike lesions of the gallbladder and extrahepatic bile

Frontiers in Oncology

12

Funding

This work was supported by grant SBGJ202102111 from the
Medical Science and Technology Project of Henan Province, China,
grant NSFRF170710 from the Fundamental Research Funds for the
Universities of Henan Province, and grant YNQN2017158 from
The First Affiliated Hospital of Zhengzhou University.

Conflict of interest

Author JZ was employed by the company Siemens
Healthcare Ltd.

The remaining authors declare that the research was conducted
in the absence of any commercial or financial relationships that
could be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

ducts: radiologic-pathologic correlation. Armed Forces Institute of Pathology.
Radiographics (2002) 22(2):387-413. doi: 10.1148/radiographics.22.2.g02mr08387

frontiersin.org


liujingjing198631@126.com
https://doi.org/10.1148/radiographics.22.2.g02mr08387
https://doi.org/10.3389/fonc.2023.1180186
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Huang et al.

2. Loh KP, Nautsch D, Mueller J, Desilets D, Mehendiratta V. Adenomas involving
the extrahepatic biliary tree are rare but have an aggressive clinical course. Endosc Int
Open (2016) 4(2):E112-117. doi: 10.1055/s-0041-107897

3. Kunisaki SM, Hertl M, Bodner BE, Cosimi AB. Mirizzi syndrome secondary to an
adenoma of the cystic duct. J Hepatobil Pancreat Surg (2005) 12(2):159-62.
doi: 10.1007/s00534-004-0970-z

4. Kinoshita M, Asaoka T, Eguchi H, Hanaki T, Iwagami Y, Akita H, et al. A case of
intraductal papillary neoplasm of the bile duct that developed 38 years after
choledochoduodenostomy with invasive adenocarcinoma and lymph node
metastasis. Surg Case Rep (2019) 5(1):93. doi: 10.1186/s40792-019-0651-4

5. Morris-Stiff GJ, Senda Y, Verbeke CS, Lodge PA. Papillary adenoma arising in the
left hepatic duct: an unusual tumour in an uncommon location. Eur ] Gastroenterol
Hepatol (2010) 22(7):886-8. doi: 10.1097/meg.0b013e3283392a62

6. Chatterjee A, Lopes Vendrami C, Nikolaidis P, Mittal PK, Bandy AJ, Menias
CO, et al. Uncommon intraluminal tumors of the gallbladder and biliary tract:
spectrum of imaging appearances. Radiographics (2019) 39(2):388-412.
doi: 10.1148/rg.2019180164

7. McCrary J, Trout AT, Mahalingam N, Singh R, Rojas CC, Miethke AG, et al.
Associations between quantitative MRI metrics and clinical risk scores in children and
young adults with autoimmune liver Disease. AJR Am ] Roentgenol (2022) 219(1):142—
50. doi: 10.2214/AJR.21.27204

8. Aslam A, Wasnik AP, Shi J, Sahai V, Mendiratta-Lala M. Intraductal papillary
neoplasm of the bile duct (IPNB): CT and MRI appearance with radiology-pathology
correlation. Clin Imaging (2020) 66:10-7. doi: 10.1016/j.clinimag.2020.04.036

9. Lee M, Kim M]J, Park MS, Choi JY, Chung YE. Using multi-detector-row CT to
diagnose ampullary adenoma or adenocarcinoma in situ. Eur J Radiol (2011) 80(3):
€340-345. doi: 10.1016/j.ejrad.2010.10.022

10. Aggarwal S, Kumar S, Kumar A, Bhasin R, Garg PK, Bandhu S. Extra-hepatic
bile duct adenoma in a patient with a choledochal cyst. J Gastroenterol Hepatol (2003)
18(3):351-2. doi: 10.1046/j.1440-1746.2003.02916.x

11. Cekas K, Rudaitis V, Beisa V, Jotautas V, Rutkauskaite D, Meskauskas R, et al.
Common bile duct villous adenoma: a case report and review of the literature. | Med
Case Rep (2016) 10:18. doi: 10.1186/s13256-015-0789-z

12. Li H, Peng B. Laparoscopic anatomical left hepatectomy for intrahepatic bile

duct papillary mucinous cystadenoma with intraoperative vascular repair: a case report.
Med (Baltimore) (2016) 95(6):e2802. doi: 10.1097/MD.0000000000002802

Frontiers in Oncology

13

10.3389/fonc.2023.1180186

13. Kloppel G, Adsay V, Konukiewitz B, Kleeff J, Schlitter AM, Esposito I.
Precancerous lesions of the biliary tree. Best Pract Res Clin Gastroenterol (2013) 27
(2):285-97. doi: 10.1016/j.bpg.2013.04.002

14. Flejou JF. WHO Classification of digestive tumors: the fourth edition. Ann
Pathol (2011) 31(5 Suppl):S27-31. doi: 10.1016/j.annpat.2011.08.001

15. Bechmann LP, Hilgard P, Frilling A, Schumacher B, Baba HA, Gerken G, et al.
Successful photodynamic therapy for biliary papillomatosis: a case report. World |
Gastroenterol (2008) 14(26):4234-7. doi: 10.3748/wjg.14.4234

16. Struyve M, van der Merwe S. Biliary papillomatosis. Dig Endosc (2019) 31
(2):209. doi: 10.1111/den.13299

17. Soares KC, Arnaoutakis DJ, Kamel I, Anders R, Adams RB, Bauer TW, et al.
Cystic neoplasms of the liver: biliary cystadenoma and cystadenocarcinoma. J Am Coll
Surg (2014) 218(1):119-28. doi: 10.1016/j.jamcollsurg.2013.08.014

18. Hokuto D, Nomi T, Yasuda S, Yoshikawa T, Ishioka K, Yamada T, et al. Long-term
observation and treatment of a widespread intraductal papillary neoplasm of the bile duct
extending from the intrapancreatic bile duct to the bilateral intrahepatic bile duct: a case
report. Int ] Surg Case Rep (2017) 38:166-71. doi: 10.1016/j.ijscr.2017.07.031

19. Joo YH, Kim MH, Lee SK, Seo DW, Yoo KS, Min YI, et al. A case of mucin-
hypersecreting intrahepatic bile duct tumor associated with pancreatic intraductal
papillary mucinous tumor. Gastrointest Endosc (2000) 52(3):409-12. doi: 10.1067/
mge.2000.108294

20. Yang], Wang W, Yan L. The clinicopathological features of intraductal papillary
neoplasms of the bile duct in a Chinese population. Dig Liver Dis (2012) 44(3):251-6.
doi: 10.1016/j.d1d.2011.08.014

21. Fernandes DA, Boteon YL, Boteon A, Sousa RMP, Martins DL, Penachim TJ,
et al. Tubulovillous adenoma of the duodenal papilla: radiological-endoscopic and
anatomopathological correlation in the surgical proposal. Rev Assoc Med Bras (1992)
(2020) 66(9):1190-5. doi: 10.1590/1806-9282.66.9.1190

22. King MJ, Hectors S, Lee KM, Omidele O, Babb JS, Schwartz M, et al. Outcomes
assessment in intrahepatic cholangiocarcinoma using qualitative and
quantitative imaging features. Cancer Imaging (2020) 20(1):43. doi: 10.1186/s40644-
020-00323-0

23. Lo EC, Rucker A N, Federle MP. Hepatocellular carcinoma and intrahepatic
cholangiocarcinoma: imaging for diagnosis, tumor response to treatment and liver
response to radiation. Semin Radiat Oncol (2018) 28(4):267-76. doi: 10.1016/
j.semradonc.2018.06.010

frontiersin.org


https://doi.org/10.1055/s-0041-107897
https://doi.org/10.1007/s00534-004-0970-z
https://doi.org/10.1186/s40792-019-0651-4
https://doi.org/10.1097/meg.0b013e3283392a62
https://doi.org/10.1148/rg.2019180164
https://doi.org/10.2214/AJR.21.27204
https://doi.org/10.1016/j.clinimag.2020.04.036
https://doi.org/10.1016/j.ejrad.2010.10.022
https://doi.org/10.1046/j.1440-1746.2003.02916.x
https://doi.org/10.1186/s13256-015-0789-z
https://doi.org/10.1097/MD.0000000000002802
https://doi.org/10.1016/j.bpg.2013.04.002
https://doi.org/10.1016/j.annpat.2011.08.001
https://doi.org/10.3748/wjg.14.4234
https://doi.org/10.1111/den.13299
https://doi.org/10.1016/j.jamcollsurg.2013.08.014
https://doi.org/10.1016/j.ijscr.2017.07.031
https://doi.org/10.1067/mge.2000.108294
https://doi.org/10.1067/mge.2000.108294
https://doi.org/10.1016/j.dld.2011.08.014
https://doi.org/10.1590/1806-9282.66.9.1190
https://doi.org/10.1186/s40644-020-00323-0
https://doi.org/10.1186/s40644-020-00323-0
https://doi.org/10.1016/j.semradonc.2018.06.010
https://doi.org/10.1016/j.semradonc.2018.06.010
https://doi.org/10.3389/fonc.2023.1180186
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Magnetic resonance imaging features of bile duct adenoma
	Introduction
	Methods
	Patients
	Image acquisition
	Imaging analysis
	Statistical analysis

	Results
	Clinical data
	Imaging findings
	Imaging findings in the malignant group versus benign adenoma group

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	References


