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Abstract
Introduction: Clinical features and magnetic resonance imaging (MRI)-related data are commonly employed in clinical set-

tings and can be used to predict the microvascular invasion (MVI) status of intrahepatic cholangiocarcinoma (ICC) patients. 
Aim: To generate a clinical and MRI-based model capable of predicting the MVI status of ICC patients.
Material and methods: Consecutive ICC patients evaluated from June 2015 to December 2018 were retrospectively enrolled 

in a training group to establish a predictive clinical MRI model. Consecutive ICC patients evaluated from January 2019 to June 
2019 were prospectively enrolled in a validation group to test the reliability of this model. 

Results: In total, 143 patients were enrolled in the training group, of whom 46 (32.2%) and 96 (67.8%) were MVI-positive and 
MVI-negative, respectively. Logistics analyses revealed larger tumour size (p = 0.008) and intrahepatic duct dilatation (p = 0.01)  
to be predictive of MVI positivity, enabling the establishment of the following predictive model: –2.468 + 0.024 × tumour size + 
1.094 × intrahepatic duct dilatation. The area under the receiver operating characteristic (ROC) curve (AUC) for this model was 
0.738 (p < 0.001). An optimal cut-off value of –1.0184 was selected to maximize sensitivity (71.7%) and specificity (61.9%). 
When the data from the validation group were incorporated into the predictive model, the AUC value was 0.716 (p = 0.009).

Conclusions: Both larger tumour size and intrahepatic duct dilatation were predictive of MVI positivity in patients diagnosed 
with ICC, and the predictive model developed based on these variables can offer quantitative guidance for assessing the risk 
of MVI. 

Introduction
Intrahepatic cholangiocarcinoma (ICC) is the sec-

ond most common form of liver malignancy, account-
ing for 10–15% of cases [1–4]. While surgical resection 
remains the optimal treatment option for ICC patients 
with resectable disease, postoperative progression rates 
are suboptimal, and the 5-year overall survival and dis-
ease-free survival rates of affected patients are estimat-
ed to be 55% and 41.7%, respectively [5].

Several clinical factors have been linked to poorer 
ICC patient prognosis, including more advanced age, 
lymph node metastasis, cancer antigen 19-9 (CA19-9)  
levels, and microvascular invasion (MVI), with MVI be-

ing the most commonly identified risk factor in this 
oncogenic setting [5–7]. However, at present MVI is 
a histological finding that can only be detected through 
the postoperative evaluation of resected surgical spec-
imens, enabling clinicians to make more appropriate 
treatment plans and patient management decisions [8]. 
The ability to preoperatively predict MVI status based 
on clinical and/or radiological findings would thus be of 
significant value. Several studies to date have employed 
radiomics-based nomograms as tools for predicting the 
MVI status of ICC or hepatocellular carcinoma (HCC) pa-
tients [3, 9]. However, radiomics approaches are primar-
ily applied at the experimental level rather than in clin-
ical settings. In contrast, clinical features and magnetic 
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resonance imaging (MRI)-related data are commonly 
employed in clinical settings and can be used to predict 
ICC and HCC patient MVI status [4, 10]. 

Aim
The present study was developed to generate a pre-

dictive model capable of predicting MVI status in ICC 
patients based on clinical and MRI features. 

Material and methods
Patient selection
Our institutional review board approved this retro-

spective diagnostic study, and the requirement for writ-
ten informed consent was waived. 

Between June 2015 and December 2018, consec-
utive ICC patients were retrospectively enrolled into 
a training group for the development of a predictive 
MRI-based clinical model. Between January 2019 and 
June 2019, consecutive ICC patients were prospectively 
enrolled into a validation group to assess the reliability 
of the developed model.

Patients eligible for inclusion were those with the 
following: (a) ICC tumours confirmed following sur-
gical resection; (b) mass-like ICC tumours; (c) lesions  
≥ 10 mm in size; and (d) MRI imaging and clinical 
analyses conducted within 30 days prior to surgical 
resection. Patients were excluded from this study if 
they exhibited: (a) multiple ICC tumours; (b) recurrent 
ICC after surgery; (c) had undergone preoperative an-
titumour treatment; (d) had incomplete clinical data;  
or (e) exhibited MRI images of poor quality. 

MRI analysis
The MRI scanning systems used to evaluate patients 

included in the present study included a 1.5-T UIHMR 
560 scanner (Shanghai United Imaging Healthcare, Chi-
na); a 3.0-T UIHMR 770 MR imager (Shanghai United 
Imaging Healthcare); a Magnetom Avanto 1.5-T imag-
er (Siemens Healthcare, Germany); a Magnetom Aera 

1.5 T imager (Siemens Healthcare); a Magnetom Verio 
3.0-T MRI System (Siemens Healthcare); a GE750 (3.0-
T MR system, Discovery MR 750, GE Healthcare); and 
a Philips Intera Achieva 1.5T MR System (Philips Med-
ical Systems, Netherlands). Collected MRI image types 
included diffusion-weighted imaging (DWI), T1WI, T2WI, 
and Gd-DTPA-enhanced images. For further details re-
garding the utilized acquisition sequences (Table I). 

Two radiologists, each with over 10 years of MRI 
experience, who were blinded to the patients’ patho-
logical and clinical findings, analysed all MRI scans. Any 
discrepancies between these reviewers were resolved 
by a third experienced radiologist with over 20 years 
of experience. All evaluated MRI features are compiled 
in Table II. 

Clinical data
Clinical data included in the present analyses were 

collected from patient medical records and included 
age, gender, history of hepatitis B viral infection, and 
levels of tumour markers including carcinoembryonic 
antigen (CEA), α-fetoprotein (AFP), and CA19-9 (Table II). 

A team of experienced pathologists, each of whom 
had over 10 years of relevant experience interpreting 
histopathological sections, who were blinded to radio-
logical and clinical results, conducted all pathological 
analyses of resected tumour sections. 

Definitions
MVI was defined by the presence of tumour cells 

within an endothelium-lined vascular region at the in-
terface between the tumour periphery and the hepat-
ic parenchymal tissue that was only detectable upon 
microscopic evaluation [4]. The presence of peripheral 
diffusion restriction with central isointensity/hypointen-
sity was indicative of MRI target sign [3]. Tumour MRI 
intensity was determined with reference to the inten-
sity of the normal liver parenchyma. Maximal tumour 
diameter was used to define tumour size [4]. Enhance-
ment restricted to the lesion periphery in the arterial 

Table I. Magnetic resonance imaging sequences and parameters

Parameter FS-T2WI T1-weighted IP and OP Imaging FS-T1WI DWI

Repetition time [ms] 2693 115.8 4.43 2807

Echo time [ms] 85.58 4.4 and 2.2 2.2 75.7

Section thickness [mm] 6 6 3 6

Matrix size 201 × 288 230 × 288 192 × 256 115 × 128

Field of view [mm2] 380 × 360 380 × 290 400 × 280 380 × 300

Gap [mm] 20 20 0 20

NEX 1 1 1 4

FS – fat-suppression, IP – in-phase, OP – opposed-phase, DWI – diffusion-weighted imaging.
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phase was indicative of arterial rim enhancement [3].  
When visual inspection of the collected images revealed 
the invasion of adjacent portal veins, hepatic veins, 
or hepatic arteries, this was indicative of vessel pen-
etration [11]. Grossly hyperarterial contrast enhance-
ment outside of the border of the tumour, becoming 
isointense with the hepatic parenchymal background 
during layer dynamic phases, irrespective of shape, was 
indicative of peritumoral parenchymal enhancement 
[11]. Three types of dynamic enhancement pattern 
were defined for the purposes of this study: (a) pro-
gressive patterns, in which lesions exhibit progressive 
enhancement with maximal intensity or range on de-
layed phase; (b) wash in-wash out patterns, in which 
intense contrast uptake is evident during the arterial 
phase, but the agent is then washed out in the portal 
or delayed phases; and (c) others [3].

Statistical analysis
Continuous data were analysed via independent 

sample t-tests, while categorical data were analysed 
via Pearson χ2 tests or Fisher’s exact test. Predictors of 

MVI were identified through univariate and multivariate 
logistic regression analyses of data from patients in the 
training group, with the results of these analyses being 
used to construct a model capable of predicting MVI 
status. Area under the curve (AUC) values for receiver 
operating characteristic (ROC) curves were used to eval-
uate this model, with an appropriate cut-off value being 
calculated. P < 0.05 was the threshold of significance, 
and all data analyses were conducted using SPSS® 
v.16.0 (SPSS Inc., IL, USA).

Results
�Training group analyses and model 
construction
In total, the training group enrolled 143 patients, 

of whom 46 (32.2%) and 97 (67.8%) were, respectively, 
MVI positive and MVI negative (Figure 1). Clinical and 
MRI data for patients in these 2 MVI cohorts are com-
piled in Table II. 

In univariate logistic analyses, larger tumour size, 
higher CEA levels, intrahepatic duct dilatation, and ir-
regular tumour morphology were predictive of MVI pos-

Table II. Baseline data of patients in the training group.

Parameter MVI positive (n = 46) MVI negative (n = 97) P-value

Clinical data:

 Age [years] 62.1 61.1 0.564

 Gender (male/female) 32/14 69/28 0.785

 Hepatitis B virus (yes/no) 20/26 52/45 0.258

 AFP (≥ /< 20 ng/ml) 7/39 9/88 0.293

 CEA (≥ /< 5 ng/ml) 14/32 17/60 0.302

 CA199 (≥ /< 34 U/ml) 23/23 40/57 0.324

MR features:

 Size [mm] 61.0 43.4 0.001

 Tumour morphology (round/irregular) 10/36 36/61 0.066

 Intrahepatic duct dilatation (yes/no) 27/19 25/72 < 0.001

 Hepatic capsular retraction (yes/no) 21/25 37/60 0.517

 Signal on T1W (low/isointensity/high) 43/2/1 95/2/0 0.252

 Signal on T2W-FS (low/isointensity/high) 0/0/46 0/5/92 0.280

 Signal on DWI (low/isointensity/high) 0/0/46 0/0/96 –

 Target sign on T2W (yes/no) 19/27 41/56 0.913

 Target sign on DWI (yes/no) 20/26 44//53 0.833

 Arterial rim enhancement on arterial phase (yes/no) 38/8 83/14 0.647

 Dynamic enhancement pattern (progressive/wash in- wash-out/others) 36/4/6 74/14/9 0.534

 Visible vessel penetration (yes/no) 30/16 49/48 0.099

 Peritumoral parenchymal enhancement (yes/no) 25/21 56/41 0.703

AFP – alpha fetoprotein, CEA – carcinoembryonic antigen, CA199 – Carbohydrate antigen 199, FS – fat suppression, DWI – diffusion-weighted imaging,  
MVI – microvascular invasion.
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itivity. When these 4 variables were incorporated into 
a multivariate logistic analysis, only larger tumour size 
(HR = 1.024; p = 0.008) and intrahepatic duct dilatation 
(HR = 2.985; p = 0.01) were confirmed to be predictive 
of MVI positivity (Table III).

A predictive model was next established based upon 
these variables as follows: –2.468 + 0.024 × size + 1.094 
× intrahepatic duct dilatation (present = 1; absent = 0).  
The AUC of the ROC curve for this model was 0.738 
(95% CI: 0.651–0.825, p < 0.001, Figure 2). A cut-off 
score of –1.0184 was selected to maximize sensitivity 
(71.7%) and specificity (61.9%), with values ≥ –1.0184 
being predictive of MVI positivity, whereas values  
< –1.0184 were predictive of negative MVI status.

Validation group
In total, 58 patients were enrolled in the validation 

cohort for this study (Table IV), of whom 18 (31.0%) 
and 40 (69.0%) patients were MVI positive and MVI 
negative, respectively. Similar rates of MVI positivity 
were observed when comparing the training and vali-

dation groups (p = 0.876). Most of the clinical and MRI 
data were comparable between these 2 patient cohorts  
(Table IV). When data from patients in the validation 
cohort were inserted into our predictive model, the 
AUC for the ROC curve was 0.716 (95% CI: 0.581–0.851,  
p = 0.009, Figure 3). 

Discussion
Here, we identified 2 risk factors associated with 

MVI positivity in ICC patients and used these factors to 
construct a predictive model. Both of these risk factors 
were MRI features, whereas no analysed tumour mark-
ers or clinical features were found to be associated with 
MVI status in the analysed patient cohort. 

Multiple previous studies have found MVI to be in-
dicative of poor prognostic outcomes in patients diag-
nosed with ICC, with adjuvant chemotherapy following 
R0 resection being the most appropriate treatment 
for MVI-positive patients [5, 12]. The ability to reliably 
gauge patient MVI status prior to surgical treatment is 
thus critical to improving patient outcomes. 

We found tumour size to be a primary risk factor as-
sociated with MVI risk, with larger tumours being more 
likely to exhibit MVI positivity. This finding is consistent 
with previous data reported by Zhou et al. [13]. Similarly, 
Spolverato et al. [14] reported a 6-fold higher MVI inci-
dence rate for tumours 3–5 cm in size as compared to 
tumours < 3 cm in size. We observed a significantly larg-
er mean lesion size in MVI-positive patients relative to 
MVI-negative patients (61.0 mm vs. 43.4 mm, p = 0.001).

We additionally identified intrahepatic duct dilatation 
as a risk factor associated with MVI positivity. No prior 
studies have, to the best of our knowledge, examined 
the relationship between these 2 clinical findings. We ob-
served a 2.3-fold higher MVI incidence rate for tumours 
exhibiting intrahepatic duct dilatation as compared to 
tumours without such dilatation. Intrahepatic duct in-
vasion is the cause of intrahepatic duct dilatation [15], 
and it is thus rational that the ability of the tumour to 
infiltrate this duct is correlated with a higher risk of MVI.

Figure 1. Flowchart of the study

353 patients with ICC

201 patients included 

Training group (n = 143) Validation group (n = 58)

Exclusion (n = 152)
Previous treatment before  
surgical resection (n = 66)

Multiple ICCs (n = 55)
Periductal infiltrating type ICC (n = 6)

Mixed type ICC (n = 12)
MR obtained more than 30 days  

before surgery (n = 2)
Lesion size < 1 cm (n = 5)
Poor MR quality (n = 6)

Table III. Predictors of MVI positivity

Variables Univariate analysis Multivariate analysis

Hazard ratio 95% CI P-value Hazard ratio 95% CI P-value

CEA 2.059 0.909–4.663 0.083 1.336 0.524–3.405 0.544

Size 1.028 1.013–1.044 < 0.001 1.024 1.006–1.042 0.008

Tumour morphology:

Round 1 1

Irregular 2.426 1.051–5.602 0.038 0.973 0.359–2.639 0.957

Intrahepatic duct dilatation 4.093 1.948–8.600 < 0.001 2.985 1.294–6.886 0.01

CEA – carcinoembryonic antigen, MVI – microvascular invasion.
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While higher levels of specific tumour markers, includ-
ing CEA, CA19-9, and AFP, have been linked to reductions 
in overall and progression-free survival, they have largely 
not been found to be associated with ICC patient MVI sta-
tus [7, 16–19]. Consistently, we observed no relationship 
between tumour marker levels and MVI positivity. 

While we identified 2 risk factors that were inde-
pendently associated with the risk of MVI positivity, in 
clinical practice their relative significance and associat-
ed clinical implications may not be immediately clear. 
As such, we developed a predictive model incorporat-
ing both of these risk factors in order to provide more 
quantitative guidance. The AUC for this model (0.738) 
was indicative of good predictive utility, and a similar 
AUC value in an independent 58-patient validation co-
hort (0.716) further confirmed the ability of this model 
to accurately predict patient MVI status. 

There are certain limitations to the present analysis. 
Firstly, this was a retrospective study and thus subject 
to a high risk of selection bias. Secondly, we only ana-
lysed mass-like and resectable ICC tumours, whereas 
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Table IV. Baseline data of training and validation groups

Parameter Training group  
(n = 143)

Validation group  
(n = 58)

P-value

Clinical data:

 Age [years] 61.4 60.3 0.166

 Gender (male/female) 101/42 43/15 0.617

 Hepatitis B virus (yes/no) 72/71 19/39 0.029

 AFP (≥ /< 20 ng/ml) 16/127 10/48 0.247

 CEA (≥ /< 5 ng/ml) 31/112 4/54 0.012

 CA199 (≥ /< 34 U/ml) 63/80 22/36 0.426

 MVI (positive/negative) 46/97 18/40 0.876

MR features:

 Diameter [mm] 49.1 43.7 0.552

 Tumour morphology (round/irregular) 46/97 30/28 0.01

 Intrahepatic duct dilatation (yes/no) 52/91 25/33 0.373

 Hepatic capsular retraction (yes/no) 58/85 24/34 0.915

 Signal on T1W (low/isointensity/high) 138/4/1 58/0/0 0.354

 Signal on T2W-FS (low/isointensity/high) 0/5/138 0/1/57 1.000

 Signal on DWI (low/isointensity/high) 0/0/143 0/0/58 –

 Target sign on T2W (yes/no) 60/93 16/42 0.116

 Target sign on DWI (yes/no) 64/89 28/30 0.399

 Arterial rim enhancement on arterial phase (yes/no) 121/22 41/17 0.024

 Dynamic enhancement pattern (progressive/wash-in wash-out/others) 110/18/15 39/8/11 0.239

 Visible vessel penetration (yes/no) 79/64 35/23 0.508

 Peritumoral parenchymal enhancement (yes/no) 81/62 32/26 0.649

AFP – a-fetoprotein, CEA – carcinoembryonic antigen, CA199 – carbohydrate antigen 199, FS – fat-suppression, DWI – diffusion-weighted imaging,  
MVI – microvascular invasion.
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inoperable ICCs and other pathological tumour types 
such as periductal-infiltrating, intraductal growing, and 
mixed-type ICCs were omitted, even though they may 
be more likely to develop MVI. As such, this model is 
only suitable for predicting MVI status in a specific sub-
set of patients. Thirdly, only specific qualitative MRI fea-
tures including DWI, T1W, T2W, and morphological fea-
tures were incorporated into these analyses, whereas 
ADC values and quantitative MRI features were not as-
sessed. Future studies incorporating these quantitative 
features are thus warranted. Lastly, while we conducted 
the prospective validation of our model in a distinct pa-
tient cohort, there were certain baseline values that dif-
fered significantly between the training and validation 
groups, thus potentially affecting the resultant data.

Conclusions
Larger tumour size and intrahepatic duct dilatation 

are both predictive of MVI positivity in patients diag-
nosed with ICC. The predictive model incorporating 
these 2 variables can thus offer quantitative insights 
when predicting MVI status in the context of patient 
treatment and monitoring.
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