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Abstract

Intrahepatic cholangiocarcinoma (ICC) is a rare and aggressive form of primary liver cancer that presents
significant diagnostic and treatment challenges. In this review, we discuss the role of diagnostic radiology in the
management of ICC, and future directions for research and clinical practice in the management of ICC.
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INTRODUCTION

Epidemiology and etiology of ICC

Intrahepatic cholangiocarcinoma (ICC) is a rare and aggressive malignancy originating from the bile duct
epithelium within the liver. ICC accounts for 10%-15% of primary liver cancers and has a rising worldwide
incidence”. The highest incidence of ICC has been observed in Southeast Asia, particularly in Thailand,
where it is associated with liver fluke infections (Opisthorchis viverrini and Clonorchis sinensis)®. Other
risk factors include primary sclerosing cholangitis, chronic viral hepatitis B and C, cirrhosis, exposure to
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thorotrast, and certain metabolic disorders™*.

Clinical presentation and prognosis

ICC often presents at an advanced stage due to its asymptomatic nature in the early stages of the disease.
Patients may experience nonspecific symptoms such as abdominal pain, weight loss, fatigue, and jaundice.
The presence of these symptoms is usually indicative of advanced disease, and patients may already have
liver dysfunction or metastases at the time of diagnosis'”. Therefore, the prognosis associated with ICC is
generally poor, with a 5-year survival of approximately 10%-15%!".

Importance of early and accurate diagnosis

Early and accurate diagnosis of ICC is essential to improve patient outcomes, as it allows for timely
initiation of appropriate treatments. Early-stage tumors may be amenable to surgical resection, which offers
the best chance of long-term survival. In contrast, advanced-stage tumors are usually not amenable to
surgical resection; in turn, patients with advanced disease are often only eligible for non-curative treatment
options such as chemotherapy, radiation therapy, or targeted therapies”. Precise diagnosis is also crucial to
differentiate ICC from other hepatic malignancies, such as hepatocellular carcinoma (HCC), as the
management strategies and prognoses for these tumors differ significantly”. This review aims to summarize
the current literature regarding the role of diagnostic radiology in the management of ICC, and prospects
for research and clinical practice in the management of ICC.

The role of radiology in the diagnosis

The diagnosis of ICC primarily relies on imaging studies and biopsy. Conventional imaging methods such
as ultrasound, computed tomography (CT), magnetic resonance imaging (MRI), and Positron Emission
Tomography (PET) [Figure 1] are commonly used to identify and characterize liver lesions. Distinguishing
ICC from other primary liver cancers, such as HCC, combined hepatocellular cholangiocarcinoma (cHCC-
CCA) [Figure 2], and secondary liver tumors (e.g., metastases from colorectal cancer) can be challenging,
however, due to overlapping imaging features and nonspecific clinical presentation®, precise
differentiation is essential as management strategies and prognoses for these tumors differ significantly.

MRI generally outperforms CT and Ultrasound in the diagnosis of hepatic tumors. This is because MRI
allows for the comparison of conventional T2-W and T1-W data with functional DWT and DCE-MRI data
in a single protocol. Granata et al. evaluated MR features of patients with ICC and compared the
radiographic features with control groups, including colorectal hepatic metastases (group A), peribiliary
metastases (group B), HCC (group C), cHCC-CCA (group D), and hemangioma (group E). Of note, T1 and
T2 W signal intensity (SI), restricted diffusion, (transitional phase) TP, and (hepatobiliary phase) HP
appearance was able to differentiate ICCs from mimickers; the arterial phase (AP) appearance differentiated
the study group from the control groups C and D. Portal phase and washout appearance distinguished ICC
tumors from control groups A, C, and D"\

Conventional MRI sequence characteristics can distinguish HCC and cHCC-CCA. The radiologist should
suspect cHCC-CCA if the lesion has satellite nodules, a hyperintense signal on T2-W, restricted diffusion,
and no capsule in a nodule with peripheral and increasing contrast enhancement!".

MRI with diffusion-weighted imaging (DWI) provides quantifiable functional parameters for measuring the
mobility of water ions in the tissue microstructure. Viscosity, vascularity, and tissue cell density are all
connected to water diffusion mobility. Numerous researchers have examined the role of DWT in ICC with a
specific focus on how DWT affects the capability to distinguish between IMCC and HCC. A study by Park
et al. employed the target appearance (TA) on the DWI to differentiate small ICC from HCC">", and
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Figure 1. ICC in a 76-year-old female. Axial CT in the hepatic arterial phase (A) shows hypoattenuating and peripherally enhancing
mass (arrow) involving nearly the entire left lobe of the liver, segment |V, and portions of segment VIII. Axial gadolinium-enhanced T1-
weighted MR image in portal venous phase; (B) shows the tumor as a large multilobulated mass in the left hepatic lobe demonstrating
continuous nodular peripheral enhancement with delayed fill-in. There is mild intrahepatic biliary dilatation peripheral to the mass in the
left hepatic lobe. Axial maximum-intensity-projection image of '®F-FDG PET; (C) demonstrates a large left liver lobe lesion with

peripheral hypermetabolic activity.

Figure 2. cHCC-ICC in a 64-year-old male with chronic hepatitis C. Axial CT in the portal venous phase (A) shows a hypoattenuating
wedge-shaped subcapsular mass (arrow). Axial gadolinium-enhanced T1-weighted MR image in portal venous phase; (B) shows mild
surface nodularity suggestive of cirrhosis. The mass demonstrates a hypointense wedge-shaped subcapsular lesion with peripheral
arterial enhancement and persistent enhancement on delayed images. There is associated capsular retraction.

[13,14]

numerous studies have corroborated this finding

Recently, contrast-enhanced imaging techniques have been developed, which have markedly improved the
visualization of tumor vascularity, aiding in the characterization and differentiation of ICC from other
hepatic malignancies. Multi-phase contrast-enhanced CT involves acquiring images at different time points
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after the administration of a contrast agent, highlighting the arterial, portal venous, and delayed phases of
tumor enhancement. Similarly, dynamic contrast-enhanced MRI (DCE-MRI) involves the acquisition of
images before and after the administration of a gadolinium-based contrast agent, providing information

about the tumor’s vascular pattern and perfusion'*’.

Gd-DTPA or its derivatives, such as Gd-DTPA-EOB (Eovist®), can be used for post-contrast MRI. Eovist,
hepatocyte-specific contrast agents (HSCAs), are taken up by hepatocyte transporters and are discharged via
the biliary tree. In the hepatobiliary phase, a lesion will maintain contrast only if it contains hepatocytes,
which helps refine differential diagnosis. Eovist has been demonstrated to be more effective at identifying
and characterizing hepatic lesions in patients with diffuse liver disease in which ICCs may show atypical
enhancement patterns after gadolinium-based extracellular contrast agents. Hepatocyte-specific
extracellular contrast agents like Eovist increase the liver's post-contrast signal intensity, making ICC more
apparent and hypointense on both early and delayed phase sequences" [Figure 3]. This approach contrasts
the lesion from the liver tissue, making tumor size and satellite lesions, which occur in 10%-20% of ICCs,

[16]

easier to assess''®.

In mass-forming cholangiocarcinoma, Eovist causes the “gadoxetic acid cloud” indication on hepatobiliary
imaging. The fibrotic stroma may have extracellular contrast accumulation. Hepatobiliary phase imaging
can help identify intrahepatic metastases, daughter nodules, and other abnormalities associated with poor
mortality"”. Moderately differentiated tumors often exhibit more relative enhancement in the hepatobiliary
phase than poorly differentiated cancers. The hepatobiliary phase can also demonstrate a higher relative
tumor enhancement!*.

THE ROLE OF DIAGNOSTIC RADIOLOGY IN THE STAGING AND PROGNOSIS

Resectable ICC

Numerous staging methods estimate the prognosis of patients with resectable ICC"**?. The most used
technique is the American Joint Committee on Cancer staging system (AJCC) staging system, a tumor,
nodes, and metastases (TNM) staging system”. Due to the restricted number of tumor-related
characteristics and the inability to customize prognostication for unresectable tumors, this staging approach
has drawn criticism”'. Numerous nomograms have also been created to improve outcome prediction, some
of which have shown superior accuracy to the AJCC staging system!*****). These prognostic models
consider various factors, such as certain biomarkers, anatomical-related imaging features, and specific
pathological parameters. However, none of them contain functional information about a patient's tumor.
Furthermore, similar to the AJCC staging system, they are all based on tissue acquisition and may not be
applied in unresectable ICC patients.

The role of radiomics or radiogenomics in ICC prognosis has been assessed in a number of research

studies ¢

, and the evaluation of recurrence following surgical resection has been the main focus®**/.,
Yang et al. evaluated MRI-extracted quantitative features for evaluation of overall survival in ICC patients
and developed a combined model integrating radiomics features with clinical factors that increased the

precision of prediction compared with TNM stage alone'*.

Unresectable ICC

Due to frequent delays in diagnosis, about 70% of patients with ICCs present with advanced-stage tumors
and are considered unresectable!”. In addition, many patients have comorbid conditions that prevent them
from being candidates for resection; these patients may be eligible for loco-regional therapy. In this regard,
there are challenges for tumor staging and monitoring treatment response.
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Figure 3. Intrahepatic cholangiocarcinoma (ICC) in a 57-year-old female. Axial gadolinium-enhanced T1-weighted MR image in
hepatoarterial phase (A) and portal venous phase (B) shows a hypointense large mass (arrow) with capsular retraction and also
progressive central enhancement on portal venous phase. Axial T2-weighted MR image; (C) shows the tumor has heterogeneous high
signal intensity. Axial Evoist-enhanced T1-weighted MR image (D) shows rim-enhancing centrally necrotic mass. Axial diffusion-
weighted MR image (E) demonstrates that the tumor restricts diffusion with the heterogeneous peripheral increased signal. ADC map
(F) demonstrates a low ADC value in the rim area and a heterogenous higher ADC value in the center of the lesion.

Jiang et al. provided the first nonsurgical-pathological prediction model (Fudan scoring system) for ICC,
which required clinical data obtained before surgery through imaging and biochemical blood tests and
could be used as a prediction model for unresectable ICC. However, the author mentioned that this model’s
subjective assessment of tumor margins is a significant limitation that could lower prediction accuracy, so a
more objective parameter is required. Ignorance of lymph node (LN) status is another limitation pointed
out by the author, which has been strongly associated with prognosis and poor prediction accuracy™.

According to prior research, factors related to postoperative survival in patients with ICC include

46]

microvascular invasion (MVI), tumor size, tumor grade, multiple tumors, and lymph node involvement!*.

MVT, an important predictor of ICC outcome, is characterized by the presence of a tumor in a portal vein,
hepatic vein, or a large capsular vessel”. To date, MVI can only be identified through postoperative
pathology and is only helpful as a reference factor for adjuvant chemotherapy following ICC surgery.
Consequently, it is essential to predict MVI before surgery. According to the study by Lee et al., the level of
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diffusion restriction in ICC was a standalone predictive parameter for the outcome'*. The ADC value of the
ICC has been demonstrated by Zhou et al. to be significantly linked with microvascular invasion (MVI)"*.
Ma et al. suggested some quantitative and qualitative MRI features from preoperative DCE-MR images to
evaluate MVT before surgery“. Their finding showed that MVI of ICC is correlated with six MR
characteristics, including two quantitative parameters (arterial phase edge enhancement ratio and
maximum tumor diameter) and four qualitative features (tumor morphology, intrahepatic duct dilatation,
arterial phase enhancement pattern, and visible hepatic artery penetration sign).

Another critical predictor of outcome in ICC patients is LNM™'. In light of the fact that neoadjuvant
therapy can increase the survival of ICC with LNM"” and LN dissection did not improve chances of
survival in ICC without LNMs, it is crucial to identify LNM by imaging before surgery'™.

However, there are still concerns about preoperative imaging to detect LNM accurately, particularly for
periductal infiltrating ICC subtypes***.

56—58]’ and
micrometastases are frequently missed in the imaging of normal-sized LNs"****!. Additionally, individuals

The size, shape, and necrosis are key imaging characteristics in the detection of LNM!

with primary sclerosing cholangitis (PSC), where slightly enlarged lymph nodes are a frequent sign, can
experience false-positive cases!'..

T1- and T2-weighted fat-suppressed images are very useful for the diagnosis of lymphadenopathy'*.
Zhou et al. reported that the ADC value of the primary ICC lesion, particularly when combined with the
diameter of the largest LN > 1 cm, can be helpful for the preoperative detection of LNM'*.

In this regard, also, Ji et al. proposed a nomogram to predict LNM using preoperative CA19-9 and eight LN
CT-based quantitative features'”. Another study by Meng and associates suggested a nomogram that used
preoperative CA19-9 levels, the location of the original tumor, the size of the LNs on CT, and the growth
trend of the tumor to forecast LNM in ICC'*".

While CT and MRI have poor sensitivity and specificity in detecting metastases in ICC, the ability of PET to
measure metabolic activity makes it superior. In particular, PET can resolve spatial and temporal
information when combined with CT. In a recent meta-analysis, PET/CT was reported to detect ICCs with
95% sensitivity and 93% specificity'. This technique may also improve nodal staging and identification of
distant metastasis, altering the clinical treatment of 17%-30% of patients'*’..

PET/CT may also aid in stratifying patients relative to prognosis. Specifically, SUVmax has been associated
with overall survival and recurrence. Ma et al. reported that SUVmax values above 8 were associated with
decreased survival. In contrast, tumors with low SUVmax had a more favorable prognosis, were more likely
not to be associated with metastatic disease, and had a more favorable prognosis following surgical
resection'*”.

PET/MRI is another imaging modality increasingly used for cancer detection and staging. Kirchner et al.
reported that PET/MRI with the liver-specific contrast agent gadobenate dimeglumine assisted in ICC
detection and diagnosis. PET/MRI classified tumors as malignant or benign with 98% and 100%
accuracy'”. Nonetheless, [CC-specific PET/MRI investigations are needed to determine its role in diagnosis
and staging.
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More recently, novel ligands have been developed alongside the PET technique. Of note, in contrast to
cancer-associated fibroblasts, normal human tissues have very little fibroblast activation protein (FAP)
expression”. PET can image this pathophysiological process using the new ligand “fibroblast activation
protein inhibitor (FAPI)” attached to fluorine-18 or gallium-68. FAPI PET is safe and has outperformed
FDG in early clinical trials”". In a recent study, Veldhuijzen van Zanten et al. compared FAPI PET to FDG
PET, CECT, and MRI to stage pancreatic, gastric, and cholangiocarcinoma. While initial studies have
suggested that FAPI PET may outperform other conventional diagnostic methods, few investigations have
been done, and more data are needed. FAPI has theranostic potential since its ligand can bind to diagnostic

or therapeutic radioisotopes””.

THE ROLE OF DIAGNOSTIC RADIOLOGY IN MONITORING THE TREATMENT RESPONSE

Conventional tumor response criteria proposed by the World Health Organization WHO, the response
evaluation criteria in solid tumors (RECIST), the modified RECIST (mRECIST), and the European
Association for the Study of the Liver all use a decrease in tumor size or enhancement as an indicator of
tumor response”. However, these methods may not be very reliable or very reproducible”™. In addition, it
can be difficult to use mRECIST and European Association for the Study of the Liver criteria because of the

hypovascular character of ICC caused by its fibrous stroma'.

The most recent innovation in functional MRI techniques has enabled quantitative assessment of cellular
integrity. Data have suggested a potential value of functional MRI characteristics to determine the efficacy
of local-regional therapies, particularly intraarterial therapies, for various hepatic malignancies".

Multiparametric MRI, which includes T2-weighted imaging, DWI, DCE-MRI, and spectroscopic imaging, is
more sensitive to cellular changes throughout treatment, allowing for a more accurate description of the
therapeutic response and prognosis. Using these methods, it is possible to detect early cellular damage in
tumors before any change in size™. Increased cell membrane permeability caused by cellular necrosis
allows water molecules to circulate freely, hence elevating ADC values"”.

Monitoring the response to TACE

A more precise and tailored patient selection to TACE would be possible with the help of forecasting
therapeutic outcomes prior to this therapy and its probable efficacy. In this regard, Halappa et al. evaluated
volumetric changes in ADC and contrast enhancement on MRI in ICC patients undergoing TACE.
According to their results, patients with a percentage tumor volume increase in ADC of 45% or greater and
60% or greater above the threshold level of 1.60 x 10° mm?/sec had a favorable response to therapy and
improved survival”.

Recently, Pandey et al. performed a study to evaluate the efficacy of MRI-extracted features for assessment
of response to TACE. They reported that changes in volumetric ADC can predict the outcome among these
patients””.

In another study, Pandey et al. reported that certain characteristics observed in baseline MRI scans can
serve as predictors of higher survival rates in patients with ICC, independent of clinical factors. These
predictors include a low ADC, indicating a smaller viable tumor volume and a higher level of necrosis and
cell membrane damage. These characteristics suggest a more aggressive tumor phenotype, as indicated by
the hypoxic environment and resistance to systemic therapy'”®.
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Monitoring the response to TARE

Over the past ten years, TARE has become more often used to treat ICCs that are not amenable to surgery.
According to findings from many centers, such a strategy can increase survival”*?. However, there is much
variation in the studies regarding the baseline clinical and tumor characteristics, the response, and survival,
with the latter ranging from 9 to 22 months.

The potential to choose the best patients for ablative treatment is currently a subject of focus in radiomics.
Mosconi et al. evaluated the associations between baseline CT quantitative features and the survival
parameters'®.,

Their findings support the theory that quantitative features could identify the ICC patients most likely to
respond well to TARE. Hypervascular tumors with a more homogenous uptake of iodine contrast in the
arterial phase were those most likely to be efficiently treated by TARE, and, of special importance, this
hypervascularization could be assessed by radiomics.

It is becoming increasingly apparent that dosimetry is an essential component of TARE. A SARAH trial
auxiliary analysis noted that patients whose tumors had all received a mean dosage of at least 100 Gy lived
longer"™". However, as dosimetry is typically only done after the process, there is currently no input on the
actual dose distribution during treatment with TARE.

According to a recent study conducted as a phase I trial by Roosen et al, intraprocedural MRI-based
dosimetry allowed for dynamic insight into the distribution of microspheres during TARE. This proof of
concept offers unique opportunities to enhance therapy efficacy through treatment tailoring and to better
comprehend microsphere distribution in vivo!™.

Monitoring the response to immunotherapy

Tumor immunotherapy has recently offered new insight into cancer treatment. Unfortunately, just about
one-third of patients respond to immunotherapy, so the primary challenge is choosing the candidate who
would benefit from this treatment and minimizing potential adverse effects®**”),

The quantitative features connected to outcomes have been documented in several studies™ . In a study,
Zhang et al. explored the capability of MRI quantitative features for outcomes in ICC patients. They
reported that four features significantly differed between the responded and non-responded patients with an
AUC of 0.919"".

Monitoring the response to external beam radiation therapy

The efficacy of EBRT for salvage therapy and consolidative treatment in unresectable ICC is supported by
many studies”. Also, adjuvant EBRT with concomitant chemotherapy is conditionally advised for patients
with resectable ICC who undergo curative resection, especially when there are high-risk prognostic markers
such as positive surgical margins and lymph node involvement"”. Across the range of studies, among
patients treated with EBRT, 1-year OS ranged from 39% to 70%"".

Imaging methods such as CT and MRI are frequently used to assess the effectiveness of the treatment.
Imaging after EBRT may show a decrease in tumor size or enhancement, demonstrating a successful
outcome. Given the gradual tumor shrinking that occurs right after EBRT, relying just on dimensional data
would make it impossible to assess the treatment's effectiveness. Additionally, although diminished
enhancement has traditionally been a biomarker of response in liver tumors, these tumors frequently
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exhibit persistent enhancement early after treatment, which can last up to and beyond 1 year and should not
be confused with a viable tumor®. Other imaging characteristics may also provide information in the
assessment of tumor response, particularly T2 signal intensity and ADC at MRI. Typically, tumors
demonstrate a decrease in T2 signal intensity and DWI, and an increase in ADC after treatment, suggestive
of tumor necrosis*.

FUTURE DIRECTIONS AND CHALLENGES

Integrating Al with radiomics and genomics for personalized medicine

Integrating artificial intelligence (AI) with radiomics and genomics has the potential to revolutionize the
field of personalized medicine in ICC management. By combining quantitative imaging features (radiomics)
with molecular and genetic information (genomics), Al algorithms can potentially identify unique tumor
signatures, predict treatment response, and estimate patient prognosis more accurately. This integration will
facilitate the development of tailored therapeutic strategies based on individual tumor characteristics and
genetic makeup, ultimately improving patient outcomes'*.

Development of Al-based prognostic models

Al-based prognostic models can help clinicians estimate patient survival and disease progression more
accurately, enabling better-informed decisions regarding treatment and follow-up. By analyzing a wide
range of data, including imaging, clinical, and molecular information, AT algorithms can identify subtle
patterns and interactions that may be overlooked by traditional prognostic models®”..

Developing and validating Al-based prognostic models for ICC will require extensive research and access to
large, diverse, and well-annotated datasets, requiring collaboration between institutions and researchers to
share and standardize data. Additionally, the integration of these models into clinical practice will
necessitate a rigorous evaluation of their performance, interpretability, and generalizability, as well as the
development of user-friendly interfaces for clinical use. Moreover, an interdisciplinary collaboration among
radiologists, oncologists, geneticists, and computer scientists will be crucial to advance the field and
translate Al-based tools into clinical practice’™.

Ethical considerations and data security in Al applications
The implementation of Al in ICC diagnosis and treatment raises several ethical considerations and data
security concerns. Ensuring patient privacy and the secure handling of sensitive medical data is

98]

paramount!

Another ethical concern is the potential for biases in AI algorithms, which may be introduced by the
training data or the model design. Biased algorithms can lead to unfair or discriminatory treatment
decisions, negatively impacting patient care. It is essential to continuously evaluate and refine AT models to
minimize potential biases and ensure equitable and accurate predictions for all patient populations.

Finally, the widespread adoption of Al in clinical practice requires addressing issues related to
accountability and liability in the case of Al-generated errors or misdiagnoses. Developing guidelines and
legal frameworks that clarify the responsibilities of various stakeholders, including AI developers, healthcare
providers, and patients, will be critical to address these concerns.

CONCLUSION

Radiology has a pivotal role in the management of intrahepatic cholangiocarcinoma (ICC), providing
valuable information about tumor characteristics, staging, and treatment response. The integration of
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radiology and AT has the potential to revolutionize ICC management, leading to improved patient outcomes

and personalized treatment strategies. However, continued research, collaboration, and careful

consideration of ethical and data security issues are essential to successfully translate Al-based tools into

clinical practice.
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