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Abstract
Introduction: The progressive technologies in albumin
in situ hybridization (ISH) changed the routine application
and the differential diagnosis of hepatic malignancies in the
last years. The aim of the present work was to assess the
diagnostic utility of albumin ISH on different chol-
angiocarcinoma (CCA) subtypes, as well as to assess how
albumin production changes along the biliary tree.
Methods: Forty-five CCAs were retrospectively selected: 29
intrahepatic (15 small-duct and 14 large-duct subtypes), 7
perihilar, and 9 extrahepatic. Histology was revised in all
cases, and albumin ISH was automatically performed by the
RNAscope®. Results: ISH was always negative in extrahepatic
CCAs, only 1 perihilar case was positive, and any positivity
was observed in 25/29 (86.2%) intrahepatic CCAs (p < 0.001).
Concerning CCA subtypes, mean cell positivity was 38.8 ±
29.8% in small-duct CCAs and 11.4 ± 21.9 in large-duct CCAs,
respectively (p = 0.003); 12/15 (80.0%) small-duct and 3/14

(21.4%) large-duct CCAs showed >5% positive cells (p =
0.002; odds ratio 14.7). Conclusions: The introduction of
more sensitive techniques changed the indications for ISH
since most small-duct intrahepatic CCAs show diffuse
positivity. Albumin positivity decreases from liver periphery
to the large ducts, suggesting that ISH can be helpful in the
differential diagnosis between small-duct and large-duct
CCAs, as well as between intrahepatic large-duct CCAs
and metastases. © 2024 The Author(s).

Published by S. Karger AG, Basel

Introduction

Primary liver cancers are an increasing issue world-
wide [1]. While hepatocellular carcinoma (HCC) has
well-known pathogenesis and a definite range of diag-
nostic tools, on both radiological [2, 3] and pathological
[4] point of view, intrahepatic cholangiocarcinoma
(ICCA) is mostly a diagnosis of exclusion. The great
intra- and inter-tumoral histological heterogeneity makes
the diagnosis of ICCA even more difficult. The last WHO
classification identified two major subtypes of ICCA, the
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small-duct ICCA (SD-ICCA) and the large-duct ICCA
(LD-ICCA) [5]. These two subtypes are thought to have
different cells of origin, phenotypic profile, and molecular
background, with clinical implications for their man-
agement [6]. According to this subclassification, the
morphology of LD-ICCA resembles perihilar CCAs
(PCCAs, the so-called Klatskin tumors) and extrahepatic
CCAs (ECCAs): these tumors are composed by large
glands, surrounded by a dense stromal reaction, formed
by columnar, often mucin-producing cells and with
predominant periductal infiltrating or mixed periductal
infiltrating-mass-forming patterns of growth. Precursor
lesions of LD-ICCA can be frequently found in the
surrounding ducts in the form of biliary intraepithelial
neoplasia (BilIN) or intraductal papillary neoplasm of the
bile ducts (IPNB) [7, 8]. On the other hand, SD-ICCA
shows distinct, small glands, formed by cuboidal cells or
cord-like formations with slit-like lumina, in a dense
desmoplastic stroma. SD-ICCA often shows a mass-
forming growth pattern and it is devoid of a recog-
nized precursor lesion [5].

In the last years, a reliable marker has been searched
for, to help pathologists in the correct diagnosis of ICCAs
versus metastatic adenocarcinomas. The detection of the
transcript of the albumin gene with in situ hybridization
(ISH) has been used to assess the hepatic origin of ma-
lignancies for decades [9, 10], but until recently this
methodology had been deemed laborious, poorly sensi-
tive and with poor reproducibility among centers. The
greatest limits of the cited method were the timing (3 days
were needed from the pathologist’s request to the results),
the lack of a standardization due to the manual set-up,
and the low sensitivity given by the focal staining even in
positive lesions [11]. This is why this ISH techniques had
a poor spreading toward laboratries.

Lately, new ISH techniques with signal amplification
systems have been proposed for albumin mRNA detection:
the RNAscope® assay has been found promising in diag-
nosing liver primaries [10, 12, 13]. According to the original
paper, HCCs should always be positive for albumin, with a
percentage of positive neoplastic cells ranging between 25%
and 90%, while ICCAs should present scattered positive cells
in most cases (67% of the original cohort); PCCAs and
ECCAs were described to be constantly negative for albumin
ISH [11]. Recently, Avadhani et al. [12] found a difference in
ISH staining among ICCAs, using the novel RNAscope®

assay: in their cohort of ICCAs, none of the “LD/mucinous
subtype” showed a positive staining, while 46% of the SD
subtype was positive, with a percentage of positive neoplastic
cells between 5 and 50% in 19% of SD-ICCAs and over 50%
in another 19%.

It seems that a change in the diagnostic paradigm
occurred since the positivity found in a subset of ICCAs is
higher than thought before (and comparable to HCC).
The distinction between albumin expression among LD-
ICCAs, PCCAs, and ECCAs needs to be clarified as well.
The aim of the present work was to assess the diagnostic
utility of albumin ISH with RNAscope® on different CCA
histotypes, but also to study how albumin production
changes among the large-duct tumors along the biliary
tree (LD-ICCA, PCCA, and ECCA).

Materials and Methods

Patient Enrollment and Histopathological Evaluation
We retrospectively selected 45 patients, 36 who underwent

hepatic or biliary ducts resection for CCA, clinically suspected and
confirmed after histological evaluation, and 9 patients who un-
derwent liver biopsy for histologically proven CCA. Patients were
31 (68.9%) males and 14 (31.1%) females, mean age at surgery
66.8 ± 11.4 years (range 36–88 years). Five patients had a history of
“biliary” risk factors (CSP in 3, chronic lithiasis in 1, and pro-
fessional exposition in 1), 10 patients had a history of “hepato-
cellular” risk factors (dysmetabolic in 5 cases, viral in 4, and al-
coholic in 1); 30 patients showed no specific risk factors.

Surgical specimens (or biopsies) were sent to the pathology
unit, where they were routinely sampled, fixed in formalin, em-
bedded in paraffin, and automatically processed; 3-µm-thick
sections were obtained from paraffin blocks for albumin ISH,
among the sections for the routine diagnostic stains.

At hematoxylin-eosin, the following histopathological variables
were evaluated:
• tumor dimensions;
• tumor grade according to WHO 2019 classification [5];
• microvascular invasion (MVI) and perineural neoplastic

infiltration;
• tumor localization in the biliary tree: ICCA, PCCA, or ECCA;
• growth pattern: mass forming, periductal infiltrating, and in-

traductal growth;
• tumor subtype: SD-ICCA and large-duct carcinomas, which

include LD-ICCAs but also PCCAs and ECCAs.

Albumin ISH
ISH for albumin mRNA was performed by means of the

RNAscope® on routine 3-µm-thick sections obtained from the
paraffin blocks, i.e., the same slides routinely used for immuno-
histochemistry. These slides are thinner than the 5 μm sections
usually used for ISH, but in our setting, they show the same di-
agnostic yield. The slides were put in stove at 60°C for 1 h, followed
by three baths in xylene 5min each, at room temperature (RT), and
two baths in absolute alcohol 5 min each at RT. After air dry, 4
drops of RNAscope® Hydrogen Peroxide were put on the slides
and incubated for 10 min, followed by washing with distilled water
and antigen retrieval by 100mL of RNAscope® 1X Target Retrieval
Reagent at 99°C for 30 min. Slides were therefore washed in
distilled water for 15 s and in absolute alcohol for 3 min. After
drying, four drops of RNAscope® Protease Plus were added at
40°C for 30 min, followed by hybridization with albumin ZZ probe
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pairs® for 2 h at 40°C. The manufacturer’s protocol was applied, as
follows (ACD protocol, https://acdbio.com/):
1. Amplification cycle with AMP 1 reagent, 30 min at 40°C
2. Wash, RNAscope® 1X buffer, 15 min at RT
3. Amplification cycle with AMP 2 reagent, 15 min at 40°C
4. Wash, RNAscope® 1X buffer, 15 min at RT
5. Amplification cycle with AMP 3 reagent, 30 min at 40°C
6. Wash, RNAscope® 1X buffer, 15 min at RT
7. Amplification cycle with AMP 4 reagent, 15 min at 40°C
8. Wash, RNAscope® 1X buffer, 15 min at RT
9. Amplification cycle with AMP 5 reagent, 30 min at RT
10. Wash, RNAscope® 1X buffer, 15 min at RT
11. Amplification cycle with AMP 6 reagent, 15 min at RT
12. Wash, RNAscope® 1X buffer, 15 min at RT.

Revelation was performed by means of 120 μL of DAB on each
section. Washing, counterstaining with hematoxylin (2 min) and
dehydration concluded the procedure. The number of positive
cells was counted on high-magnification fields, and a semiquan-
titative assessment of the percentage of positive cells was evaluated
for each case.

Statistical Analysis
All analyses were made with SPSS® software for Windows, 20.

Continuous variables are shown as means, standard deviations and
ranges; discrete variables are shown as frequencies and percent-
ages. The χ2, Mann-Whitney, and the Kruskal-Wallis tests were
applied as appropriate. A receiver operator characteristic (ROC)
curve was built to assess the cut-off value of albumin positivity
between SD-ICCAs and LD-ICCAs. A p < 0.05 coefficient was
considered significant to exclude the null hypothesis.

Results

Mean tumor dimensions were 4.7 ± 3.2 cm (range
0.6–13 cm); 29 tumors were ICCA (64.4%), 9 ECCA
(20.0%), and 7 perihilar (PCCA, 15.6%). The pattern of
growth was mass-forming type in 30 cases (66.7%),
periductal infiltrating in 9 (20.0%) and mixed in 6
(13.3%). The most represented tumor grade was grade 2
in 29 cases (64.4%), followed by 14 (31.2%) grade 3 cases
and only 2 (4.4%) grade 1.

At albumin ISH, the mean percentage of tumor pos-
itive cells ‒ considering all cases ‒ was 18.02 ± 27.52%
(range 0–90%); 19 (42.2%) cases were completely nega-
tive (0% positive cells). Albumin ISH was always negative
in ECCAs, while it showed any positivity level in 25 out of
29 (86.2%) ICCAs; only one out of 7 (14.3%) PCCAs was
positive (p < 0.001, Kruskal-Wallis test, Fig. 1). ICCAs
alone had a mean cell positivity of 25.5 ± 29.3%. As a
consequence, the albumin positivity changed according
to the growth pattern as well (p = 0.008) since all the
mass-forming types were ICCAs.

The positive PCCA case had 70% of positive cells: of
note, a peculiar predominantly papillary histotype was
observed. None of the other clinical and morphological
variables correlated with albumin positivity (data not
shown).

Fig. 1. Morphological pictures of the main subtypes of CCA (hematoxylin-eosin stain, above pictures) and the
albumin ISH (below pictures), which is diffusely positive in SD-ICCAs (a, b), focally positive in LD-ICCAs (c, d),
and negative in perihilar and ECCAs (e, f).
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As far as albumin expression in ICCAs is concerned,
we noticed substantial differences according to the
subtype (Fig. 2): in particular, SD-ICCAs (n = 15)
showed any level of positivity in 14 (93.3%) cases, with
a mean cell positivity of 38.8 ± 29.8%; LD-ICCAs (n =
14) showed any level of positivity in 11 (78.6%) cases,
with a mean cell positivity of 11.4 ± 21.9 (p = 0.003,
Mann-Whitney test).

The ROC curve built to assess the optimal albumin
cut-off in discriminating SD-ICCAs and LD-ICCAs
showed an area under the curve (AUC) of 0.814: a
cut-off of 5% of positive cells was chosen, dis-
criminating the two subtypes with 80% sensitivity
and 78.6% specificity (Fig. 3). Indeed, using this cut-
off, we observed that 12 out of 15 (80.0%) SD-ICCAs
and 3 out of 14 (21.4%) LD-ICCAs had >5% of
positive cells (p = 0.002, χ2 test), with an odds ratio
of 14.7.

Discussion

Albumin ISH had a poor spread in laboratories in the
past decades, mainly because of the slow and difficult
procedure the previous technique required, combined
with its poor sensitivity and the subsequent interpretation
troubles. The major difficulties arise in biopsy samples of
CCAs, where the sensitivity drops, in addition to the
intrinsic tumor heterogeneity. Among the specific issues
of the old technique, the main problem was represented
by the use of a home-made probe, different among
centers [11], so that each center had different diagnostic
accuracy, making difficult the comparison of results.
Moreover, the first ISH methodologies used digoxigenin-
labeled cRNA probes with anti-digoxigenin antibodies in
1:1 ratio, meaning that no amplification was applied: this
resulted in a much lower sensitivity compared to the
newer techniques.

Fig. 2. Schematic depiction of the intrahepatic and extrahepatic biliary tree, including the pie charts representing
the percentages of negative cases, cases with ≤5% positive cells and cases with >5% positive cells in large-duct
ICCAs (LD-ICCA), perihilar CCAs (PCCAs) and extrahepatic CCAs (ECCAs).
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The most recent ISH techniques allow a more reliable
detection of albumin mRNA because of the sophisticated
amplification system, which enables to amplify greatly the
signal from each target sequence without amplifying the
background [14]. This significant improvement in sen-
sitivity, together with the faster and fully automatized
procedure, makes RNAscope® albumin ISH a promising
diagnostic tool. In recent years, other authors explored
the potentials of albumin ISH as a marker of hepatic
primaries, particularly in the diagnosis of ICCAs. Ferrone
et al. found that 99% of ICCAs (82/83) were positive for
albumin ISH, while none of 24 PCCAs and 22 ECCAs
was. The authors used a different ISH technology, and
they did not subclassify ICCAs in LD and SD subtypes
[15]. Lin et al. [10] used RNAscope® on tissue microarray
sections of 22 ICCAs, finding 14 (64%) positive for al-
bumin. Not even in this paper, the authors specified the
subtypes of ICCAs tested [10]. Avadhani et al. [12]
performed ISH with RNAscope® on tissue microarrays
from 43 ICCAs, divided into SD and “mucin-producing.”
They found 18/43 ICCAs (42%) positive, specifying that
all “mucin-producing” ICCAs were negative [12]. Collins
et al. [13] recently studied the results for RNAscope® ISH
albumin on a cohort of 47 ICCAs, 3 PCCAs, and 3

ECCAs. They divided their ICCAs into SD, LD, and IND
type (the latter defined as “tumors which did not clearly
fit in either of the two main histologic subtypes”). 38/47
ICCAs (80.9%) were deemed positive, particularly 35/37
(94.6%) SD, 1/7 (14.3%) LD, and 2/3 (66.7%) IND ICCAs.
All ECCAs confirmed to be negative (0/6) [13].

Our current results are in line with part of the aforemen-
tioned findings. We performed albumin ISH on a cohort of 29
ICCAs (divided into 15 SD-ICCAs and 14 LD-ICCAs), 7
PCCAs, and 9 ECCAs. Considering any level of positivity,
86.2% ICCAs results positive, versus only 1 PCCA and none
ECCAs. Assuming a 5% cut-off of positive cells ‒ which we
calculated with a ROC curve, but it is also consistent with the
literature ‒ 80% SD-ICCA and 21.4% LD-ICCA showed more
than 5% of positive cells, very similar with the results by Collins
et al. [13] Anyway, if we consider any level of positivity, 93.3%
SD and 78.6% LD were actually positive: this means that
scattered positive neoplastic cells are virtually enough to di-
agnose an ICCA, as it was in the past with the previous
methodologies [11]. We found indeed a significant difference
among ICCAs based on the subtype, with SD showing posi-
tivity in more cases, and a percentage of cells (38.8%) higher
than LD (11.4%). This difference could help pathologists in case
of difficulties in assigning the correct subtype to ICCAs, when
morphology is doubtful and surely as a part of a broader panel
comprehensive of antibodies such as CD56, N-CAM, and
others [5]. The complete negativity of all ECCAs for albumin
ISH is confirmedbyour results, and it is always consistent in the
literature. As of consequence, any clinical suspect of hepatic
metastases from an ECCA primary should be ruled out in case
of positive albumin staining. The same cannot be affirmed in
case of negativity since the main differential diagnosis is with
LD-ICCA, which can be negative for albumin (especially on
small biopsy). PCCAs (also dubbed Klatskin’s tumors) were
negative for albuminmRNA as well, except for one remarkable
case, which was strongly positive but it also showed a very
peculiar papillary morphology: this case should be treated as an
exception in our opinion, and the role of papillary morphology
in albumin expression surely deserves further studies.

Our findings are consistent with the hypothesis of a
gradual decrease in albumin expression along the intra-
hepatic biliary tree, hypothesis that partly mirrors the pos-
tulated different cells of origin of CCAs [16] (Fig. 2). The
frequent positivity for ISH albumin in ICCAs is a new at-
tribute, discovered in these recent years through the im-
provement of the technique. This feature is changing the
spectrum of ICCAs differential diagnosis, moving from a
main “cholangiocarcinoma versus extrahepatic adenocarci-
noma” to the “CCA versus HCC versus combined HCC-
CCA” choice. Albumin alone cannot be used for the diag-
nosis of CCAs, neither for specificity nor for sensitivity: in

Fig. 3. Receiver operator characteristic (ROC) curve of albumin-
positive cells in each case, built to discriminate small-duct and
long-duct ICCA: the area under the curve (AUC) was 0.814. A cut-
off value of 5% of positive cells discriminates the two subtypes with
80% sensitivity and 78.6% specificity.
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fact, some rare extrahepatic malignancies have been de-
scribed as positive for albumin [10].

In conclusion, RNAscope® ISH, due to its higher
sensitivity, revolutionized the diagnostic value of albumin
ISH in hepatic primary neoplasms the most recent am-
plification techniques are reassessing the diagnostic value
of albumin ISH in hepatic primaries: broadly speaking,
our results are in line with the previous works (even with
different ISH techniques and different ICCA subclassi-
fications). Our main original finding is that albumin
expression decreases from liver periphery to the biggest
bile ducts: therefore, most SD-ICCAs are diffusely pos-
itive, while most LD-ICCAs show at least some isolated
cells, marking a difference from the hilar and extrahepatic
biliary tree. If this pattern of albumin positivity is kept in
mind in the routine diagnostics, it might be a valuable
tool in many differential diagnoses.
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