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Introduction and aim: Intrahepatic cholangiocarcinoma (iCCA) is a disease

characterized by rarity, heterogeneity, and highmortality, where surgical resection

is often not possible. Nowadays, due to the recent introduction of new therapeutic

options such as trans-arterial radioembolization (TARE), it is increasingly important

to define the role of morphofunctional imaging methods for the prognostic

stratification of patients a�ected by iCCA. The aim of the study was to verify the

prognostic value of morphofunctional imagingmethods at the baseline in patients

with inoperable iCCA.

Methods: In total, 45 patients with iCCA were sent to our center between January

2016 and March 2021 for being evaluated to be treated with TARE. All of them

underwent both [18F]-FDG-PET/CT and contrast-enhanced CT (ceCT) in a single

procedure and were included in our study. The inclusion criteria were as follows:

a diagnosis of inoperable iCCA; both [18F]-FDG-PET/CT and ceCT scans; and

washout from therapy for at least 2 months before baseline [18F]-FDG-PET/CT

and ceCT scans. Both clinical and laboratory data and baseline imaging data

(ceCT and [18F]-FDG-PET/CT) were collected. In particular, regarding clinical and

laboratory data, we collected overall survival (OS), gender, age, prior therapies,

liver function indices, and tumor markers. Regarding ceCT, we collected TNM

staging, lesion diameter, volume, vascularization, and presence of intravascular

necrosis. Regarding [18F]-FDG-PET/CT, we collected TNM staging, Standard-

Uptake-Value max (SUVmax), Metabolic-Tumor-Volume (MTV), and Total-Lesion-

Glycolysis (TLG=MTV∗lesions SUVmean). Philips-Vue-PACS software was used,

setting hepatic SUVmean as TLG threshold.

Results: A statistically significant correlation was found between some examined

parameters at morphofunctional investigations at the baseline and OS. [18F]-

FDG-PET/CT parameters statistically correlated with OS were the stage of

disease greater than M0 (p = 0.037), major lesion SUVmax (p = 0.010), MTV

(p ≤ 0.001), and TLG (p < 0.001). Other parameters at ceCT correlated

with OS were the stage of disease greater than T2 (p = 0.038), maximum

lesion diameter (p = 0.07), volume of the major lesion (p = 0.016), and total

volume of lesions (p = 0. 009). Biochemical parameters correlated with OS

were gamma glutamyl transferase (GGT, p = 0.014), alkaline phosphatase (ALP,

p = 0.019), carcinoembryonic antigen (CEA, p = 0.004), and carbohydrate

antigen 19-9 (CA 19-9, p < 0.001). From the parameters estimated by the

multivariate model, we derived a four-variable score for OS combining nodal

involvement and SUVmax at [18F]-FDG-PET/CT, GGT, and CA 19-9 levels.
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Conclusion: Considering our data, performing integrated pre-therapy imaging is

critical for the prognostic stratification of patients with iCCA.
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1. Introduction

Cholangiocarcinoma (CCA) is the most common biliary

malignancy and the secondmost common hepatic malignancy after

hepatocarcinoma (1, 2), with more than 95% of CCA are ductal

adenocarcinomas that arise from the epithelium of the biliary tract

(3). Several risk factors, such as parasitic infections, toxins, hepatitis

B and C, and primary sclerosis cholangitis (PSC) are correlated with

the risk of developing CCA (3).

CCA are divided into three types, according to their anatomical

localization, such as intrahepatic cholangiocarcinoma (iCCA),

perihilar cholangiocarcinoma (pCCA, also known as Klatskin

tumor), and extrahepatic cholangiocarcinoma (4). iCCA is

the least common variant of CCA, representing 10–20%

of all CCA diagnosed, but several studies globally reported

increased rates of iCCA in the last few decades (5–8). Given

the prevalence of paucisymptomatic clinical figures and

the lack of any screening programs, up to 70% of patients

are diagnosed with locally advanced or metastatic disease,

precluding surgical intervention, which nowadays represents

the only available treatment (9, 10), and, outside curative

option, iCCA has a high mortality rate, with only 5–10% of

patients with unresectable disease alive 5 years after initial

diagnosis (3), with the combination of gemcitabine/cisplatin

chemotherapy and immunotherapy, considered as the new

first-line treatment option.

Given the current treatment limitations, there is a need for the

implementation of new therapy options, such as TACE and TARE,

that nowadays are commonly used only for palliative purposes. To

do so, it is important to evaluate the role of multimodality imaging,

considering its importance not only for diagnosis and staging but

also for the correct management of patients with iCCA.

Among the main imaging methods for iCCA, there is ceCT,

which is mainly used for diagnosis and staging, with reported

sensitivity and specificity values in the literature of nearly 78 and

80%, respectively (11, 12). In particular, it is characterized by the

detection of lesions with irregular margins with early peripheral

enhancement and late central enhancement. Different studies have

shown how ceCT can better assess tumor infiltration of perilesional

vascular structures (13), as well as a high capacity to define the

resectability of such lesions, with a negative predictive value of 85–

100% (14). The diagnostic accuracy of ceCT in the evaluation of

lymph node involvement is approximately 77% (15). ceCT can also

diagnose distant metastases, frequently involving the peritoneum,

lungs, and bone (16).

Another imaging method used in the diagnosis of iCCA is

magnetic resonance imaging (MRI), with sensitivity and specificity

for small lesions reported in the literature of nearly 77 and 96%,

respectively (17).

[18F]-FDG-PET/CT is currently used mainly in the detection

of distant metastases, rather than for primary lesions assessment,

with a recent meta-analysis showing a sensitivity and specificity of

95 and 93%, respectively (18), which is higher than ceCT for this

indication (19, 20).

Some authors demonstrated how some semi-quantitative

parameters of [18F]-FDG-PET/CT, such as SUVmax, may be

related to the risk of recurrence and OS (21), as well as how

additional parameters such as MTV and TLG are predictive of

5-year survival rates (22).

Given this, the aim of our study was to evaluate the impact

of baseline [18F]-FDG-PET/CT in the prognostic stratification of

patients with inoperable iCCA who reached our center for being

evaluated for TARE.

2. Materials and methods

The study conforms to the ethics guidelines of the

Declaration of Helsinki, and data collection and analyses

had already previously been approved by our Institutional

Review Board and ethical committee of S. Orsola Hospital

(193/2021/Oss/AOUBo). All patients provided informed

written consent for the TARE and for the processing of

personal data according to the Italian Data Protection

Authority law (legislative decree n. 196 of 2003 and n. 101

of 2018).

A total of 45 patients were sent to our center by other centers for

being evaluated for an eventual TARE between January 2016 and

March 2021. All of them had a diagnosis of inoperable iCCA and

were out of therapies for at least 2 months. All the enrolled patients

underwent a combined imaging procedure including a [18F]-FDG-

PET/CT and ceCT (GE, Discovery MI DR or GE, Discovery D710

equipped with a 64 slices CT). Patients for whom TARE was not

indicated underwent different systemic treatments.

Patients were eligible for this treatment if they met the

following criteria: (1) histologically proven ICC; (2) unresectable

naive tumor or disease relapse/persistence after various treatments,

including liver resection; (3) Eastern Cooperation Oncology Group

(ECOG) performance status of 0–2; (4) adequate liver function

with bilirubin <2.0 mg/dL; (5) granulocyte count ≥1.5 × 109/L;

(6) platelet count ≥50 × 109/L, and (7) amenability to visceral

angiography. The exclusion criteria included (1) flow to the

gastrointestinal tract not correctable by coil embolization or (2)

estimated lung exposition to a radiation dose >30 Gray (Gy).
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2.1. [18F]-FDG-PET/CT images

[18F]-FDG-PET/CT scans were performed as per the standard

procedure suggested by EANM guidelines (23).

Briefly, patients were not allowed to consume any food or

sugar for at least 6 h prior to the start of the [18F]-FDG-PET/CT

study. The injected dose was 2–3 MBq/Kg. The uptake time was

60 ± 10min. Pain medications were allowed but corticosteroids

were forbidden. The field of view must include the skull up to

the mid-thigh. Acquisition time was 2 min/bed position. Low-dose

CT was acquired at 120 kV and 80mA. Iterative reconstruction

(3D ordered subsets expectation maximization with 2 iterations, 20

subsets, followed by smoothing with a 6-mm 3D Gaussian kernel)

and CT-based attenuation, scatter, random coincidence events,

and system dead-time iterative correction of emission data can be

applied to obtain high-quality PET images (24).

2.2. Computed tomography images

ceCT was performed immediately after the PET study. A

solution of 71.44% w/v of iomeprol equivalent to 35% iodine or

350mg iodine/ml (Iomeron 350) was used as IV contrast media

and was administrated in a dosage corresponding to 100–150ml

depending on patient weight.

All the patients underwent a multiphase-modulated CT with

the following scheme:

1. thorax, abdomen, and pelvis without i.v. contrast agent

2. superior abdomen in an early arterial phase

3. superior abdomen in a late arterial phase

4. thorax, abdomen, and pelvis in a venous phase

5. abdomen and pelvis in a late phase at 4min since the contrast

media injection.

After infusion of the contrast agent at a rate of 3–4 mL/s,

the early hepatic arterial phase was determined using a region of

interest (ROI) placement in the abdominal aorta at the level of

the celiac artery, and the CT scan was initiated when achieving a

peak of at least 150 Hounsfield units (HU) within the ROI; the late

arterial phase, venous phase (70–80 s), and a late phase (4min) were

then acquired.

CT images were reconstructed as follows:

• HRCT on the thorax with a lung filter

• soft tissue filter and 2.5mm slice thickness for the other series.

The volume analysis was performed using Philips IntelliSpace

portal
R©
. The evaluation of intrahepatic vascular and biliary

anatomy is fundamental to obtain an accurate liver volume

estimation. An expert radiologist (more than 10 years of

experience) manually traced the contour of the major lesion and

the contour of the total volume of disease, on every slice of portal

venous phase CT. Subsequently, the software provides to calculate

the volume of the region of interest segmented (Figure 1).

TARE procedure: When indicated, radioembolization therapy

was carried out according to a technique previously described in

detail elsewhere (25, 26).

Chemotherapy treatment: Patients with residual or

intra/extrahepatic progressive disease were treated with systemic

chemotherapy according to age, performance status, and liver

function. The combination of cisplatin and gemcitabine was

the preferred first-line treatment option in patients with good

performance status (ECOG PS 0-1) and preserved liver function,

while gemcitabine monotherapy was administered in unfit and/or

elderly patients.

2.3. Staging and follow-up

ceCT data considered were TNM staging, lesion

vascularization, presence of intralesional necrosis, maximum

lesion transversal diameter (expressed in millimeters), major

lesion volume, and total volume of disease (both expressed in

square centimeters).

[18F]-FDG-PET/CT parameters evaluated were TNM staging,

SUVmax, MTV, and TLG. In order to collect semi-quantitative

data, all [18F]-FDG-PET/CT scans were retrospectively re-

evaluated, using Philips-Vue-PACS software and setting hepatic

SUVmean as TLG threshold.

After treatment, the patients were regularly evaluated at 1

and 3 months, and thereafter at 3-month intervals. At each visit,

clinical data were recorded, and CT or magnetic resonance imaging

(MRI) was performed. The following blood tests data were also

collected: aspartate aminotransferase (AST), alanine transaminase

(ALT), GGT, ALP, total bilirubin, CEA, CA 19-9, and alpha

fetoprotein (AFP). All clinical, laboratory, and imaging data were

prospectively collected.

OS data, with a median follow-up of 47.9 months, were also

evaluated and correlated with the above-mentioned variables.

2.4. Statistical analysis

Data were reported as mean ± standard deviation or

frequencies. The Kolmogorov–Smirnov test with Lilliefors

correction was used to assess the distributional normality of the

variables. Survival data were estimated and represented graphically

by the Kaplan–Meier method. For survival analyses, hazard ratios

with their 95% confidence intervals were estimated by univariate

and multivariate Cox regression models. The forward stepwise

choice procedure based on the likelihood ratio with an input

p-value of 0.050 and an output p-value of 0.100 was used to choose

variables in the multivariate models. A score was calculated with

parameters estimated from the multivariate model. Best cutoffs

were estimated by maximizing the Youden index and evaluating

any local maxima for OS at 12 months. Two-tailed tests with a

p-value of <0.05 were considered to be statistically significant. All

analyses were performed with IBM SPSS 27.0 software (SPSS Inc.,

Armonk, NY, USA).

From the parameters estimated by the multivariate analysis, we

derived a score for OS combining [18F]-FDG-PET/CT, ceCT, and

clinical data. The score was therefore calculated according to the

following formula: N-PET-stage∗1.834 + log10(GGT(UL)) ∗ 0.969

+ log10(CA 19-9(Uml) ∗ 0.714 + SUVmax ∗ 0.087. We found two
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FIGURE 1

[18F]-FDG-PET/ceCT showing a highly metabolic primary iCCA and two hepatic secondary lesions (red arrows). The yellow arrow on the arterial

phase shows a peripheral vascularization while the arrows on the venous phase show that secondary lesions are better depicted in the venous phase.
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local maxima correlated to OS at 12 months, so we grouped the

score into three categories considering group 1 for results <3.5,

group 2 between 3.5 and 4.7, and group 3 for values >4.73.

3. Results

3.1. Patient characteristics

Of the 45 patients enrolled, 25 were men (55.6%) and 20 were

women (44.4%), with an average age of 62.9 years (range 29–86y).

A total of 31 patients (68.9%) had undergone prior therapies: 11

surgery, 6 local therapies, and 14 chemoembolization.

Information regarding therapy following multidisciplinary

imaging methods was available for 21 patients, of whom the

indication for TARE was confirmed in 38% of cases, while the

others were referred to other systemic treatment approaches.

At ceCT, five patients were categorized as T1 (11.1%), 19 as

T2 (42.2%) and 21 as T3 (46.7%); 24 as N0 (53.3%) and 21 as N1

(46.7%); 20 as M0 (44.4%) and 25 as M1 (55.6%).

In the vast majority of cases, the vascularization of the lesions

was peripheral (43; 95.6%) (Figure 1), whereas in only one case,

the lesions were hypodense and in one case, it was hyperdense.

Intralesional necrosis was present in 35 cases (77.8%) and absent

in 10 (22.2%).

The mean maximum transverse diameter of the largest lesion

was 76.2mm. The mean of the largest lesion volume was 321.7 cm3,

and the mean of the total lesion volume was 414.9 cm3.

At [18F]-FDG-PET/CT, two patients showed no

hypermetabolic primary lesion and were therefore categorized

as T0 (4.4%), 13 as T1 (28.9%), 19 as T2 (42.2%), and 11 as T3

(24.4%); 41 as N0 (91.9%) and 4 as N1 (8.9%); 24 as M0 (53.3%),

and 21 as M1 (46.7%).

The mean SUVmax was 12.8. The mean MTV was 479.0 cm3,

with a mean TLG of 2742.2.

The population characteristics are summarized in Table 1.

3.2. Determinants of survival

According to the univariate analysis, the parameters correlated

with OS in a statistically significant way were as follows: at ceCT,

T3 stage (HR = 3.725; p = 0.038), maximum transaxial lesion

diameter (HR = 1.013; p = 0.007), major lesion volume (HR =

2.023; p= 0.016) and total volume disease (HR= 2.261; p= 0.009);

at [18F]-FDG-PET/CT, presence of distantmetastases (HR= 1.982;

p = 0.037), SUVmax (HR = 1.050; p = 0.010), MTV (HR = 4.256;

p < 0.001), and TLG (HR = 3. 433; p < 0.001); at biochemical

analysis, GGT (HR = 2.621; p = 0.014), ALP (HR = 4.679;

p = 0.019), CEA (HR = 2.781; p = 0.004), and CA 19-9 (HR =

2.923; p < 0.001).

Moreover, the following parameters did not correlate with

OS in a statistically significant manner: at ceCT, stage ≤ T2,

stage N and M; at [18F]-FDG-PET/CT, stage T and N; gender,

prior therapies, presence of intralesional necrosis, AST, ALT, total

bilirubin, and AFP.

On multivariate analysis, the presence of lymph node

metastases at PET scan (HR = 6.261; p = 0.090), SUVmax (HR

= 1.091; p < 0.001), GGT (HR = 2.634; p = 0.031), and CA 19-9

(HR = 2.043; p = 0.012) were found to be independent prognostic

factors for OS (Figure 2).

Regarding the survival curve of N1 patients, it must be noted

that it is much steeper than that for the N0 stage in the first 5–10

months, and then it is flat. This is because the clinical conditions

of three patients worsened rapidly while one is still alive after

more than 4 years. One patient behaved totally differently from

the other 3. This heavily impacts on the statistical analysis and

explains why the p-value (p = 0.09) is the highest among the four

parameters selected by the multivariate analysis, next to the limit of

acceptability.

Dividing the patient population according to the pre-enrolling

care, these parameters did not reach a statistically significant level

(P = 0.149). Furthermore, pre-enrollment care appears to be

unrelated to N-positive/negative lymph nodes (P = 1.000) nor

superior/inferior SUVmax of lesions (P= 0.132).

The aforementioned derived score of OS combines PET, CT,

and clinical data. It showed to be correlated to OS in a statistically

significant way: for patients with a score of 1, mOS = 48.1; for a

score of 2, mOS= 13.7 (HR: 15.9; p= 0.009); for a score of 3, mOS

= 3.0 (HR: 53.8; p < 0.001) (Figure 3).

The results derived from the score were confirmed after

splitting the population in treated patients (overall log-rank test for

OS: P < 0.001), and naive patients (overall log-rank test for OS: P

= 0.016).

4. Discussion

According to the latest National Comprehensive Cancer

Network (NCCN) guidelines, the imaging evaluation of iCCA

should include hepatic lesion extension, lymph node, and distant

metastases, considering that metastatic lymph nodes over the

hepatic hilum and hepatic metastases should be considered as

distant metastases, preventing from curative surgery (27).

The ceCT offers a high prognostic value in terms of survival and

the vascularization and the diameter embody the main biomarkers

for this assessment. Actually, it is widely well-known in the

scientific literature that enhancement patterns correlate with tumor

spread and survival (28–30). The ICC patterns are hypovascular,

rim-like, and hypervascular. The first one shows the highest

frequency of lymphatic, perineural, and biliary dissemination, and

a low survival rate at 1 and 3 years, with 30.7 and 0%, respectively.

On the contrary, the hypervascular ICC pattern displays lower rates

of invasion and the longest survival at 1 and 3 years, with 88.9

and 66.7%, respectively (27). However, in our study, the largest

part of patients presented a rim-like pattern, and consequently, this

parameter did not affect the prognostic score proposed. Moreover,

the diameter depicts the second key factor that should be taken into

account for a prognostic evaluation of ceCT in patients affected

by ICC. As shown in literature, the diameter represents a crucial

factor in radiomics studies which allows to predict both patients

with low risk of early intrahepatic recurrence and the response to

target therapies, such as TARE (31, 32). Indeed, in accordance with

the literature, in our study, the diameter is confirmed as a parameter

statistically significant according to the univariate analysis and

therefore correlated with survival.
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TABLE 1 Population characteristics, in particular gender, previous therapies, lesion characteristics such as vascularization and necrosis, data collected

from ceCT, [18F]-FDG-PET/CT, and laboratory data.

Univariate Multivariate

n % mOS HR CI 95% p HR CI 95% p

Patients 45 100.0

Gender F 20 44.4 13.7 ref

M 25 55.6 9.8 1.276 0.672 2.423 0.457

Prior Therapies No Therapy 14 31.1 12.7 ref

Chemotherapy 14 31.1 4.2 1.151 0.493 2.684 0.745

Surgery 11 24.4 16.9 1.013 0.437 2.350 0.975

Loco-regional 6 13.3 13.3 0.657 0.224 1.930 0.445

Vascularization Peripheral 43 95.6

Ipodense 1 2.2

Hyperdense 1 2.2

Necrosis Absent 10 22.2 18.1 ref

Present 35 77.8 10.9 1.986 0.900 4.382 0.890

CECT T1 5 11.1 27.2 ref

T2 19 42.2 12.7 2.683 0.767 9.381 0.122

T3 21 46.7 7.9 3.725 1.077 12.889 0.038

N0 24 53.3 13.7 ref

N1 21 46.7 9.8 1.443 0.757 2.749 0.265

M0 20 44.4 13.7 ref

M1 25 55.6 12.3 1.726 0.891 3.343 0.106

[18F]-FDG-PET/CT T0 2 4.4 17.1 0.883 0.110 7.084 0.907

T1 13 28.9 15.7 ref

T2 19 42.2 13.3 1.453 0.644 3.278 0.368

T3 11 24.4 4.8 2.419 0.991 5.908 0.052

N0 41 91.1 13.3 ref

N1 4 8.9 1.6 1.048 0.304 3.611 0.941 6.261 0.752 52.144 0.090

M0 24 53.3 16.7 ref

M1 21 46.7 4.9 1.982 1.041 3.776 0.037

Mean SD

Age (y) 62.9 ± 13.2 0.993 1.041 3.776 0.506

CECT max Ø (mm) 76.2 ± 38.1 1.013 1.004 1.023 0.007

> Lesion Vol (cm3) 321.7 ± 408.6 2.023 1.138 3.595 0.016

Tot Lesion Vol (cm3) 414.9 ± 577.2 2.261 1.225 4.173 0.009

[18F]-FDG-PET/CT SUVmax 12.8 ± 8.2 1.050 1.012 1.091 0.010 1.091 1.040 1.114 <0.001

MTV 479.0 ± 667.1 4.256 2.132 8.497 <0.001

TLG 2,742.2 ± 4,179.7 3.433 1.900 6.205 <0.001

Lab Data AST (U/L) 57.7 ± 44.9 1.610 0.382 6.783 0.516

ALT (U/L) 53.7 ± 64.0 0.972 0.323 2.921 0.960

GGT (U/L) 360.7 ± 420.1 2.621 1.217 5.645 0.014 2.634 1.094 6.344 0.031

ALP (U/L) 253.8 ± 187.8 4.679 1.290 16.967 0.019

Tot Bilirubin (mg/dL) 1.5 ± 2.0 2.170 0.652 7.225 0.207

CEA (ng/mL) 8.8 ± 22.2 2.781 1.391 5.557 0.004

CA 19-9 (U/mL) 815.2 ± 2,697.0 2.923 1.717 4.979 <0.001 2.043 1.173 3.558 0.012

AFP (ng/mL) 40.7 ± 126.2 1.000 0.995 1.004 0.811

Mean OS follow-up: 47.9 months. n, number of patients; %, percentage of patients; mOS, months of overall survival; HR, hazard ratio; CI95%, confidence interval 95% p, probability index; N1,

positive lymphnode; M1, positive metastasis; max Ø (mm), maximum diameter in mm; Mean, mean value; SD, standard deviation; > lesion Vol (cm3), volume in cm3 of the biggest lesion; Tot

lesion vol (cm3), total volume of all the lesions in cm3; SUV msx maximum, standardized uptake value; MTV, metabolic tumor volume; TLG, total lesion glicolysis; GGT, Gamma-glutamyl

Transferase; ALP, Alkaline Phosphatase; CEA, carcinoembryonic antigen; CA 19-9, Carbohydrate antigen 19-9. In bold are the values with the lowest Pearson correlation coefficient, with the

corresponding name also bolded.
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FIGURE 2

Survival functions in relation to the N stage at [18F]-FDG-PET/CT (A), SUVmax (B), CA 19-9 (C) GGT, and (D) laboratory data.

Regarding [18F]-FDG-PET/CT, many studies in the literature

have already highlighted its crucial role in the oncological

management of patients with cholangiocarcinoma at the diagnostic

stage (11, 33–35), as well as a statistical correlation between semi-

quantitative parameters such as SUVmax, MTV, and TLG with OS

(21, 22).

In our study, we have demonstrated that the combination

of FDG PET/CT, multiphase ceCT, and laboratory data retain

a prognostic value even in patients who are not candidates for

surgery regardless of the subsequent therapeutical option (TARE

vs. systemic treatment).

Despite the observation that an important discordance between

the two imaging methods in the assessment of lymph node

involvement with [18F]-FDG-PET/CT showing a lower detection

rate as compared to ceCT, an important correlation of PET N+

results with OS was found. This is probably due to the fact

that the disease metabolic rate detected through the FDG uptake

significantly impacts prognosis, while metastatic lymph nodes with

a low metabolic rate (and consequently no FDG uptake) retain a

lower prognostic meaning.

The main limitations of our study were the relatively low

number of enrolled patients and the heterogeneity of pre-

enrollment care. As patients with iCCA potentially candidate

to TARE is not a common clinical condition, the therapeutical

approach is not standardized yet (36). In our experience,

[18F]-FDG-PET/CT has proven to be crucial both for correctly

assessing the extent of intra and extrahepatic disease significantly

impacting subsequent treatment choice when associated with

multiphase ceCT. This is witnessed by the relatively high number

of patients who came to our center for TARE and were not treated

after the imaging evaluation. This suggests that the routine use

of [18F]-FDG-PET/CT and ceCT in clinical practice may have a

significant impact on the therapeutic management of patients with

iCCA and could potentially be proposed as a new imaging standard

for the evaluation of TARE candidate patients.

Considering that, in addition to the parameters derived

from multimodality imaging, laboratory data also showed a

significant correlation with patient prognosis: we believe that the

nomogram that we elaborated, combining [18F]-FDG-PET/CT,

ceCT, and laboratory data, can be considered a useful tool for

prognostic stratification.

5. Conclusion

Considering our data, performing integrated multimodality

imaging is critical for the prognostic stratification of patients

with iCCA.

Indeed, in our experience, while ceCT remains the reference

imagingmethod in the staging of local disease, [18F]-FDG-PET/CT
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FIGURE 3

Formula derived from the multivariate analysis and the overall survival of the three groups.

has proven to be crucial in the lymph node and distant disease

evaluation. In addition, semi-quantitative parameters, such as

SUVmax, MTV, and TLG were also effective in the prognostic

stratification of patients.
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