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Abstract

The distinction between well-differentiated intrahepatic cholangiocarcinoma (iCCA) from its
morphological mimics such as bile duct adenoma (BDA) and hamartoma (BDH) can be
challenging, particularly in small biopsies. Although a few cases of BDA and BDH have been
reported to undergo malignant transformation into iCCA, their neoplastic versus benign nature
remains debated. DNA flow cytometry was performed on 47 formalin-fixed paraffin-embedded
samples of iCCA, 14 BDA, and 18 BDH. Aneuploidy was detected in 22 iCCA (47%) but in none
of the 32 BDA and BDH samples. Among the 34 iCCA patients who underwent complete
resection and were followed up to tumor recurrence, tumor-related death, or at least for 1 year, the
overall recurrence or death rates (regardless of flow cytometric results) were 18, 56, and 71%
within 1,3, and 5 years, respectively. The 1-, 3-, and 5-year recurrence or death rates in 18 iCCA
patients with aneuploidy were 28, 66, and 66%, respectively, whereas 16 iCCA patients in the
setting of normal DNA content had 1-, 3-, and 5-year rates of 6, 44, and 72%, respectively.
Although aneuploid tumors were associated with worse outcomes during the first 3 years, this
difference was not statistically significant (hazard ratio = 1.4, p=0.473) in the present sample
size. In conclusion, the frequency of aneuploidy was significantly higher in iCCA (47%) than in its
benign morphological mimics (0%), suggesting that it may potentially serve as a diagnostic
marker of malignancy in challenging situations. Our findings also suggest that most BDAs and
BDHs, if not all, are benign entities and may not represent precursor lesions to iCCAs that often
harbor aneuploidy. Although a larger cohort will be necessary to further determine the prognostic
significance of aneuploidy in iCCA patients after resection, the patients with aneuploid tumors
may have a higher risk for tumor progression, especially during the first 3 years.
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Introduction

Intrahepatic cholangiocarcinoma (iCCA) is the second most common primary liver
malignancy that often presents at an advanced stage [1-3]. Surgical resection is the mainstay
of therapy with curative intent, but even after resection, the prognosis remains poor with 5-
year survival rates ranging from 4 to 43% [2]. Well-differentiated iCCA can be challenging
to diagnose, particularly in small biopsies, because it may have overlapping histological
features with bile duct adenoma (BDA) and hamartoma (BDH). Although largely considered
to be benign, BDA and BDH can also demonstrate morphological features concerning for
malignancy (including nuclear atypia, stratification of epithelial cells, and irregular glands).
In fact, a few cases of BDA [4, 5] and BDH [6, 7] have been reported to undergo malignant
transformation into iCCA. Furthermore, a high prevalence of BRAFV600E mutations have
been reported in BDA (53% versus 0% in BDH), suggesting that BDAS may represent
precursors for a subset of iCCAs exhibiting the same mutations [8, 9]. Nonetheless, their
neoplastic versus benign nature remains debated.

To aid in the distinction between iCCA and benign intrahepatic biliary lesions, most studies
have evaluated immunohistochemical (IHC) stains [10-12]. For instance, an increased Ki-67
proliferation index has been reported in iCCA (mean: 23% versus 1.4% for benign
intrahepatic biliary lesions; p < 0.001) [12]. Similarly, Tan et al. demonstrated that the
expression ofp53, BCL-2, and Ki-67 was greater in iCCA than in benign intrahepatic biliary
lesions [11]. However, these studies have shown that the interpretation of staining results is
highly variable and subjective (often using a different cutoff for a positive result), and that
benign intrahepatic biliary lesions often show weak to moderate positive staining for these
IHC markers. Although some molecular markers detected by next-generation sequencing,
such as /DH1/2 mutations (found in 5-36% of iCCA) or FGFR2-PPHLN1 fusions (5-45%),
may be specific for iCCA over other intrahepatic malignancies [13-21], their routine use as
a diagnostic marker of malignancy is limited by low sensitivity (5-45%), high cost, and long
turnaround time (compared to IHC). Inactivating mutations of BRCA associated protein-1
(BAP1) also occur in iCCA, which can be demonstrated by loss of nuclear staining by IHC.
However, loss of BAP1 expression is seen in only 7-25% of iCCA [14, 22].

Alternatively, DNA flow cytometry that measures nuclear DNA content abnormality (i.e.,
aneuploidy) may potentially serve as an adjunct method in distinguishing between malignant
and benign intrahepatic biliary lesions, but such an analysis is not currently available. In this
regard, we recently demonstrated the significance of DNA content abnormality as a
diagnostic and/or prognostic indicator of malignancy in various settings, including
ampullary neoplasia [23], Barrett’s esophagus [24], and inflammatory bowel disease [25].
Furthermore, identification of a potential prognostic marker using formalin-fixed paraffin-
embedded (FFPE) tumor tissue may be of great value for resected iCCA cases, as it could
potentially predict prognosis and guide treatment decisions. As such, in this study, we
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evaluated the potential utility of DNA flow cytometry using FFPE tissue in discriminating
between iCCA and its morphological mimics, as well as its prognostic potential in
predicting outcome of iCCA patients after resection.

Materials and methods

Patients and data collection

After approval by the University of California, San Francisco (UCSF) Institutional Review
Board for human subjects research (IRB no. 16-21034), the pathology database (CoPath)
was searched from 2000 to 2019 for retrievable cases, which resulted in 47 samples of iCCA
from 47 patients (7 needle core biopsies and 40 resections), 14 BDA from 14 patients (1
needle core biopsy and 13 wedge biopsies), and 18 BDH from 17 patients (3 needle core
biopsies and 15 wedge biopsies). Perihilar (Klatskin) and distal bile duct carcinoma cases
were excluded. All cases were re-reviewed by at least one liver pathologist (WTC, KWW,
and LDF) who confirmed the original diagnosis of iCCA, BDA, or BDH. For each case,
pertinent clinical data were collected through review of medical records, including age,
gender, ethnicity, lesion size (based on the radiological, gross, and/or microscopic
measurement), and the presence of primary sclerosing cholangitis (PSC). For iCCA patients,
additional histopathological features were recorded, including multifocality, pathological
grade, lymphovascular invasion (LV1), perineural invasion (PNI), lymph node (LN)
metastasis, and pathological stage.

DNA flow cytometry

As previously described [23-25], 2 to 5 sections of 60-pm thickness were cut from each
tissue block, depending on the size of lesion. The sections were manually trimmed to
remove as much as uninvolved tissue as possible to enrich a potential abnormal cell
population in a background of normal diploid cells. Each sample was stained with DAPI
(4,6-diamidino-2-phenylindole; Accurate Chemical & Scientific Corporation, Westbury,
NY). The DNA content was measured on a BD LSRII S854 flow cytometer (BD
Biosciences, San Jose, CA) with UV laser excitation. All DNA histograms were analyzed
using the computer program Multicycle (De Novo software, Glendale, CA) according to the
published consensus guidelines [26, 27]. Aneuploidy was defined as an additional Gy/Gy
peak that was visually distinguishable from the normal diploid Go/G; peak. Two authors
(WTC and PSR) interpreted all DNA histograms without knowledge of the histological
diagnoses.

Statistical analysis

Statistical analysis appropriate for censored data (Kaplan-Meier curves and univariate Cox
proportional hazards model) was utilized, since not all patients reached the endpoint of
tumor recurrence or tumor-related death before follow-up ended. Only iCCA patients who
underwent complete resection and were followed up to recurrence, death, or at least for 1
year were included in this analysis (/7= 34). The rates of recurrence or death at specific time
points were calculated from the Kaplan-Meier curves, and a null hypothesis of equal
distribution of detection times was assessed using the log-rank test. Potential demographic
and histopathological risk factors (including aneuploidy) were subjected to the univariate
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Cox proportional hazards model. Both 95% confidence intervals (Cls) and p values were
calculated using the asymptotic Wald test. Fisher’s exact test was used to compare the rate of
aneuploidy in well- to moderately-differentiated versus poorly-differentiated iCCAs, and in
small duct versus large duct type iCCAs. A pvalue < 0.05 was considered to be statistically
significant.

DNA content analysis of BDH

The patients consisted of 11 (65%) males and 6 (35%) females with a mean age of 67 years
(range 50-83 years) (Table 1). BDHs were usually small with a mean size of 0.4 cm (range
0.2-0.6 cm) and discovered during intra-abdominal surgery for cancer, including esophageal
carcinoma (n7=7), pancreatic carcinoma (7= 4), gastric carcinoma (1= 1), colorectal
carcinoma (n= 1), and liposarcoma (7= 1). All 18 BDH samples showed normal DNA
content (Fig. 1a, b).

DNA content analysis of BDA

Of the 14 patients, 8 (57%) were males and 6 (43%) were females (Table 1). The patients
ranged in age from 33 to 68 years, with a mean age of 58 years. The mean size of BDA was
0.5 cm (range 0.2-1 cm). All but 3 cases were biopsied (to rule out metastatic cancer) during
surgical resection for esophageal carcinoma (n=7), pancreatic carcinoma (/7= 1),
hepatocellular carcinoma (n7= 1), gallbladder carcinoma (= 1), and liposarcoma (/7= 1).
Similar to BDH, all 14 BDA samples showed no evidence of aneuploidy (Fig. 1c, d).

DNA content analysis of iCCA

The patients included 18 (38%) males and 29 (62%) females with a mean age of 65 years
(range 41-82 years) (Table 1). The majority of patients were Caucasians (72%), one of
whom had a history of PSC. The mean diameter of iCCA (6.6 cm) was significantly larger
than that of BDH (0.4 cm) or BDA (0.5 cm). Thirty-five (74%) of the 47 iCCA cases
showed well- to moderately-differentiated tumors, while the remaining 12 (26%) cases were
poorly-differentiated. Fourteen (40%) of the 35 well- to moderately-differentiated iCCAs (<
75% solid growth pattern) showed aneuploidy (Fig. 2a, b), whereas 8 (67%) of the 12
poorly-differentiated tumors (=25% solid growth pattern) demonstrated aneuploidy (p=
0.180). Forty-one (87%) of the 47 iCCA cases showed small- to intermediate-sized tubules
and/or anastomosing glands lined by cuboidal to polygonal cells in the peripheral hepatic
parenchyma, consistent with small duct type [28, 29]. The remaining 6 iCCAs (13%)
showed features of large duct type, as they were found close to the large intrahepatic bile
ducts proximal to the hepatic hilum and demonstrated irregularly infiltrating, large, often
mucin-secreting glands lined by columnar cells [28, 29]. Twenty-one (51%) of the 41 small
duct type iCCAs showed aneuploidy, whereas 1 (17%) of the 6 large duct type iCCAs
demonstrated aneuploidy (p = 0.194). Overall, 22 (47%) of the 47 iCCAs showed
aneuploidy (Table 1). The mean diameter (7.7 cm) of aneuploid iCCAs (range 3-13.5 cm)
was larger than that (5.6 cm) of diploid tumors (range 1.8-14 cm).
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A total of 34 iCCA patients underwent complete resection (with negative surgical margin)
with at least 1 year follow-up or reached the endpoint of tumor recurrence or tumor-related
death after resection. The mean follow-up time was 30 months (range 2-81 months). Among
these patients, the overall recurrence or death rates (regardless of flow cytometric results)
were 18, 56, and 71% within 1, 3, and 5 years, respectively (95% Cls = [5-31%], [38-73%],
and [53-90%], respectively) (Fig. 2c). More interestingly, the 1-, 3-, and 5-year recurrence
or death rates in 18 iCCA patients with aneuploidy were 28, 66, and 66%, respectively (95%
Cls = [7-49%], [42-90%], and [42-90%], respectively), whereas 16 iCCA patients in the
setting of normal DNA content had 1-, 3-, and 5-year rates of 6, 44, and 72%, respectively
(Fig. 2d). Twenty-two (65%) of the 34 patients developed recurrent tumor (7= 15) or died (n
=7) after resection within a mean follow-up time of 22 months (range 2-81 months).
Although the 16 patients with normal DNA content had better outcomes during the first 3
years, this prognostic improvement was not statistically significant (hazard ratio [HR] = 1.4,
p=0.473) in the present sample size, based on the univariate Cox model with the log-rank
test (Table 2). None of the potential demographic risk factors (including age [HR = 1.0, p=
0.634], gender [HR = 0.9, p=0.820], ethnicity [HR = 0.5, p=0.205], and the presence of
PSC [HR = 0.2, p=0.145]) could significantly predict recurrence-free survival. Similarly,
no potential histopathological risk factors, including multifocality (HR = 0.9, p=0.944),
tumor size (HR = 1.1, p=0.407), pathological grade (HR = 2.1, p=0.302), LVI (HR = 1.0,
p=0.947), PNI (p= 2.2, p=0.220), LN metastasis (p = 0.6, p= 0.365), and pathological
stage (HR = 0.8, p=0.711), demonstrated a significant predictive value. We also performed
a statistical analysis using survival or death as the only primary outcome (without including
tumor recurrence), but none of the above variables turned out to be a significant prognostic
factor for survival (data not shown).

Discussion

The distinction between well-differentiated iCCA and its benign morphological mimics can
be challenging, particularly in small biopsies. Well-differentiated iCCA may have
overlapping histological features with BDA and BDH, and morphological features
suggestive of malignancy (such as irregular glands and stratification of epithelial cells, as
well as hyperchromatic and pleomorphic nuclei) can be seen in BDA and BDH. Although
IHC stains have been used to facilitate this distinction [10-12], more objective ancillary
testing may be useful in better distinguishing iCCA from benign intrahepatic biliary lesions.
In this regard, we note that aneuploidy detected by DNA flow cytometry may potentially
serve as a diagnostic marker of malignancy, as almost half of iCCA samples (47%) showed
aneuploidy (versus 0% in its benign morphological mimics) (Table 1). In support of this,
Brunt et al. previously reported that 3 (50%) of 6 iCCA samples showed aneuploid
population(s) using DNA image analysis, whereas only diploid populations were present in
two BDA samples [30]. Similarly, Kuo et al. demonstrated that approximately 58% of iCCA
samples have centrosome abnormalities (which usually result in the formation of multipolar
spindles, unbalanced chromosome segregation, and aneuploidy) [31]. Considering that the
routine use of molecular alterations seen in iCCA (such as /DH1/2 mutations or FGFRZ2-
PPHL NI fusions) as a diagnostic marker of malignancy is limited by low sensitivity (5—
45%), high cost, and long turnaround time (compared to IHC), DNA flow cytometry may
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potentially serve as a useful adjunct method in differentiating between iCCA and benign
intrahepatic biliary lesions, especially when the initial IHC workup (using Ki-67, p53,
and/or BAP1) yields inconclusive results. Also, DNA flow cytometry can be performed on
limited biopsy samples (including small needle core and mucosal biopsies) and is a
relatively inexpensive, yet objective test that can be completed within 2 days [23-25].

Although no aneuploidy was detected in our cohort of BDAs and BDHs (versus 47% in
iCCA) (Table 1), rare cases of BDA [4, 5] and BDH [6, 7] undergoing malignant
transformation have been reported in the literature. More recently, Pujals et al. reported that
BRAFV600E mutations are common in BDA (53%), and that 2 of 4 iCCA cases associated
with BDA showed the same mutations [8, 9], suggesting that at least some BDAs are true
neoplasms and may represent precursors for a subset of iCCAs exhibiting the same
mutations. In this regard, we had one indeterminate case that showed some morphological
features of BDA but could not be definitively classified as either benign (BDA or BDH) or
malignant (Fig. 3a, b), largely due to the lack of adequate tissue for additional testing. The
patient was a 58-year-old man with a 0.2-cm subcapsular liver lesion identified during the
surgical resection of gastric signet-ring cell carcinoma (Fig. 3c). Although the overall (well-
circumscribed) shape of the lesion, peripheral inflammatory changes, looser stroma, and
lack of any visible portal tracts could be somewhat more suggestive of some variants of
BDA than BDH [9, 32, 33], the focal luminal dilatations with possible bile could also
suggest a BDH [9, 32] and these same features noted above, plus the degree of nuclear
atypia present, could also fall within the spectrum of a possible well-differentiated
adenocarcinoma (such as iCCA or metastatic adenocarcinoma from a different primary site),
or perhaps a lesion that is transitioning to iCCA. Interestingly, this lesion showed a distinct
aneuploid population concerning for malignancy (Fig. 3d), but there was no significantly
elevated Ki-67 proliferative index (< 1%, Fig. 3e) or BRAF V600E expression (Fig. 3f) to
further support the diagnosis of malignancy or BDA [9, 12]. Additional molecular (i.e.,
BAPI and /DH1/2 mutations, or FGFR2-PPHL N1 fusions found in iCCA) and/or IHC
analyses could have been helpful in this setting, but the lack of adequate tissue precluded its
definitive diagnosis. Overall, we could not entirely exclude the possibility that this case may
represent an early, small “incipient” iCCA, an (not yet defined) in situ iCCA, or transitional
process from dysplasia to carcinoma. Given the low Ki-67, and the poorly-differentiated
nature of the gastric primary adenocarcinoma in this case, we do not favor this lesion as an
extremely well-differentiated metastatic adenocarcinoma from the gastric primary. However,
a clinically “benign” intrahepatic biliary lesion not diagnostically malignant, but instead
described as an atypical ductular lesion rather than a variant of BDA or BDH, is still a
possibility. Additional larger studies may be helpful to better define early, small “incipient”
iCCAs and to determine if aneuploidy can occur in BDA and/or BDH. For now, if
aneuploidy is detected in an intrahepatic glandular/biliary lesion, careful follow-up (or
possibly complete excision) may be warranted to prevent potential risk for concurrent or
subsequent iCCA or metastatic adenocarcinoma.

In the present study, although patients with diploid iCCAs showed a better prognosis than
those with aneuploid tumors during the first 3 years, this prognostic improvement did not
reach statistical significance (HR = 1.4, p=0.473) (Table 2 and Fig. 2d). However, there is
strong evidence that DNA index is an important prognostic tool for iCCA patients. For
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instance, in a prospective study of 65 iCCA patients undergoing resection, Kamphues et al.
demonstrated that diploid tumors (o= 0.024) and lower tumor stage (p= 0.017) were
significantly associated with improved survival, whereas all other histopathological factors
had no prognostic value [34]. Similarly, Abou-Rebyeh et al. reported that DNA ploidy is the
most accurate prognostic factor for survival of patients with hilar cholangiocarcinoma after
resection [35]. In that study, 75% of patients with diploid tumors survived more than 3 years,
whereas all patients with aneuploid tumors died within 18 months. This is in agreement with
our finding that 56% of our patients with diploid tumors survived without recurrence within
the first 3 years (versus 34% of patients with aneuploid tumors) (Fig. 2d). The lack of
statistical significance in our cohort is most likely due to the aggressive nature of these
tumors at the time of presentation and/or the limited sample size (7= 34). In fact, even after
complete resection, 65% of our patients developed recurrent tumor (1= 15) or died (n=7)
within a mean follow-up time of 22 months. This is consistent with the previous finding that
even after resection, recurrence was observed in 62% of iCCA patients within a median
follow-up of 26 months [1]. Nevertheless, if these earlier and our results are confirmed by
larger studies, an aggressive surgical management may be warranted in patients with diploid
tumors, because resection offers very good chance for long-term survival for these patients,
whereas patients with aneuploid tumors may need additional neoadjuvant therapy in addition
to resection.

In conclusion, our results demonstrate the promise of DNA flow cytometry using FFPE
tissue in distinguishing between malignant and benign intrahepatic biliary lesions, as 47% of
iCCA samples showed aneuploidy (versus 0% in BDA and BDH). Our findings also suggest
that most BDAs and BDHs, if not all, are benign entities and may not represent precursor
lesions to iICCAs that often harbor aneuploidy. However, given the one atypical lesion that
was identified not diagnostic for benign or malignant process, aneuploidy may prove to be
an early marker for a transitional/dysplastic, or incipient low grade adenocarcinoma in this
setting. Although a larger cohort will be necessary to further determine the prognostic
significance of aneuploidy in iCCA patients, the presence of aneuploidy may identify a
subgroup of patients who are at higher risk for tumor progression, especially during the first

3 years.
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Fig. 1.
a, b Bile duct hamartoma consists of irregularly dilated bile ducts embedded in a dense

fibrous stroma (hematoxylin and eosin [H & E], x10). Intraluminal bile juice is noted in
some lumens. The DNA histogram shows a normal diploid population (green). (c, d) Bile
duct adenoma is composed of closely packed, small, uniformly sized bile ducts lined by
single cuboidal cells interspersed in a fibrous stroma (H & E, x10). No significant nuclear
atypia or mitotic figures are present. A normal diploid population (green) is present in the
DNA histogram
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Fig. 2.
a, b Well-differentiated intrahepatic cholangiocarcinoma (iCCA) shows overlapping

histological features with BDA (H & E, x10). Tumor cells are lined by a single layer of
cuboidal cells with mild nuclear atypia. No obvious desmoplastic stroma, intracytoplasmic
mucin, or perineural or lymphovascular invasion is identified. The DNA histogram shows a
distinct aneuploid population (red) in addition to the normal diploid peak (green). c Among
34 iCCA patients who underwent complete resection and were followed up to tumor
recurrence, tumor-related death, or at least for 1 year, the overall recurrence or death rates
(regardless of flow cytometric results) were 18, 56, and 71% within 1,3, and 5 years,
respectively d While 16 iCCA patients in the setting of normal DNA content had 1-, 3-, and
5-year recurrence or death rates of 6, 44, and 72%, respectively, the 1-, 3-, and 5-year rates
in 18 iCCA patients with aneuploidy were 28, 66, and 66%, respectively
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Fig. 3.

a,gb The relatively well-circumscribed nature of this lesion, an inflammatory component at
the junction between the lesion and adjacent normal liver parenchyma, and looser stroma
could be suggestive of some variants of BDA (a, H & E, x10), but the presence of irregular
glands with some nuclear atypia as well as focal luminal dilatations with possible bile
(arrow) raised consideration for BDH or possibly well-differentiated adenocarcinoma (such
as iICCA or metastatic adenocarcinoma from a different primary site) (b, H & E, x20). ¢ The
patient’s primary tumor, gastric signet-ring cell carcinoma, is morphologically distinct from
the liver lesion (H & E, x20). d-f The DNA histogram of the liver lesion shows a distinct
aneuploid population (red) concerning for malignancy (d), but no significantly elevated
Ki-67 proliferative index (< 1%, e) or BRAF V600E expression (f) was observed
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