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Abstract

Background: In patients undergoing resection of intrahepatic cholangiocarcinoma (ICC), 

hypervascularity during the arterial phase of contrast-enhanced computed tomography (CT) is 

associated with better prognosis than hypovascularity. However, the prognostic implications 

of arterial enhancement pattern in patients with unresectable ICC are unknown. We assessed 

the prognostic implications of arterial enhancement pattern in patients with resectable and 

unresectable ICC.

Methods: Consecutive patients who underwent surgery or gemcitabine-plus-cisplatin 

chemotherapy for ICC during 2003–2015 and CT with dynamic enhancement for diagnosis were 

included. After review by 2 radiologists, tumors were categorized according to the percentage 
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of the tumor exhibiting arterial enhancement as hypervascular (>50% of tumor exhibiting 

enhancement), peripherally enhancing(10%−50%), and hypovascular (<10%). In each cohort 

(surgical and medical), overall survival (OS) curves were generated using the Kaplan-Meier 

method, and differences between curves were evaluated with Cox analysis.

Results: The study included 56 patients treated surgically and 89 patients with unresectable ICC. 

Mean (SD) tumor density in the hypervascular, peripherally enhancing, and hypovascular groups 

was 119.3 (45.2) Hounsfield units (HU), 72.1 (15.9) HU, and 59.9 (14.4) HU, respectively, in 

the surgical cohort and 93.6 (17.5) HU, 66.6 (16.2) HU, and 48.7 (14.3) HU, respectively, in the 

medical cohort. In both cohorts, the 5-year OS rate was significantly higher in the hypervascular 

group than in the hypovascular group (surgical, 67.6% vs 22.5%, P=.038; medical, 15.4% vs 0%, 

P=.030). In both cohorts, a Cox proportional hazards model analysis showed that hypervascularity 

was significantly associated with better OS.

Conclusion: Hypervascularity during the arterial CT phase is a positive prognostic biomarker in 

patients undergoing ICC resection and patients with unresectable ICC.

PRÉCIS

Hypervascularity during the arterial CT phase is a positive prognostic biomarker in both patients 

with resectable and unresectable intrahepatic cholangiocarcinoma.
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INTRODUCTION

Intrahepatic cholangiocarcinoma (ICC) is the second most common primary liver 

malignancy after hepatocellular carcinoma1 and affects 5000 to 8000 people per year in 

the United States,2 with a rising incidence over the past decades.1,3,4 Three macroscopic 

types of ICC have been described: mass-forming, periductal infiltrating, and intraductal 

growing.1,3

Surgical resection is the only curative treatment strategy for ICC, and 5-year overall survival 

(OS) rates after surgery range from 22% to 36%.4–6 However, most patients have disease 

deemed unresectable at initial presentation and undergo systemic chemotherapy3,4 with 

gemcitabine and cisplatin, the suggested first-line medical treatment.7,8

Histologically, ICC often demonstrates features of well-differentiated to moderately 

differentiated adenocarcinoma with accompanying fibrous stroma.9,10 The presence of 

fibrous stroma in ICC has been associated with decreased survival 11,12 because of its 

relationship with hypovascularity in the arterial phase of contrast-enhanced cross-sectional 

imaging.11,13,14

This suggests that hypervascularity of ICC in the arterial phase could be used as a surrogate 

or “biomarker” for favorable tumor biology. Indeed, some investigators have demonstrated 

that hypervascularity of ICC in the arterial phase is associated with better survival after 
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resection13,15–21 and less lymph node involvement.22 However, the prognostic implications 

of arterial enhancement patterns in patients with unresectable ICC remain unknown. The 

aim of this study was to determine whether arterial hypervascularity predicts survival in 

patients with unresectable ICC and to validate arterial hypervascularity as a prognostic 

factor in patients undergoing ICC resection.

METHODS

Patient selection

The Institutional Review Board of The University of Texas MD Anderson Cancer Center 

approved this study protocol (PA17–0640_MOD003) and waived the requirement for 

informed consent. Consecutive patients who underwent treatment of mass-forming ICC 

during 2003–2015 and underwent contrast-enhanced computed tomography (CT) with 

dynamic enhancement at the time of diagnosis were included in the study. To identify 

patients who underwent resection of ICC, a prospectively maintained Hepatobiliary 

Surgery database was reviewed. To identify unresectable patients who underwent medical 

therapy, a prospectively maintained database of the Department of Gastrointestinal Medical 

Oncology was reviewed. Only patients who received gemcitabine and cisplatin as first-line 

chemotherapy were included. Patients were deemed to have unresectable disease when 

they had distant metastases or extensive local extension. Histopathologic diagnosis of ICC 

was made with percutaneous or surgical biopsy, and immunohistological evaluation was 

additionally performed if necessary. T category and N category were classified according to 

the AJCC Cancer Stating Manual, eighth edition.

Imaging studies and assessment of enhancement in the arterial phase

Contrast-enhanced CT was performed with multidetector row CT, with 4, 16, or 64 slices 

(Light-Speed; GE Health care, Piscataway, NJ), using a slice thickness of 5mm and 

reconstruction at 2.5mm. Images were acquired with either a triphasic liver protocol or 

biphasic technique. For the triphasic liver protocol, images of the abdomen were obtained 

at approximately 35 s and 70 s after the start of ioversol injection at a rate of 5mL/s, in 

addition to unenhanced images. Excretory-phase images were acquired approximately 5–6 

min after ioversol injection. For the biphasic technique, images of the thorax were obtained 

approximately 25 to 30 s after the start of ioversol injection at a rate of 2 to 3 mL/s, and 

images of the abdomen/pelvis were obtained approximately 70 s after ioversol injection. 

Images of the thorax covered the superior aspect of the abdomen and allowed visualization 

of the intrahepatic tumor.

The pattern of arterial enhancement on CT images was reviewed by radiologists who 

specialize in liver imaging (H.C.K., V.C.) and were blinded to clinical data. The radiologists 

qualitatively assessed the proportion of the tumor that was hypervascular compared to 

non-tumorous liver on the same slice. Tumors with arterial enhancement involving greater 

than 50% of the tumor were categorized as “hypervascular” (Figure 1A); tumors with 

enhancement involving 10% to 50% of the tumor along the periphery were categorized as 

“peripherally enhancing (Figure 1B); and diffusely non enhancing or hypoenhancing tumors 
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were categorized as “hypovascular” (Figure 1C).21–23 Only patients for whom consensus 

agreement was reached were included in the study.

In categorizing the arterial enhancement patterns of the tumors, the radiologists took into 

account focal fatty changes, blood vessels, transient hepatic attenuation differences, and 

artifacts altering the appearance of the tumor density. For example, if the attenuation of the 

surrounding liver was altered by perfusion changes (e.g., related to portal vein narrowing 

or occlusion), the tumor was compared with an unaffected portion of the liver on the same 

slice. In cases of multiple lesions, the largest tumor was analyzed for classification.

The relationship between tumor density on CT and arterial enhancement pattern was 

evaluated in patients who underwent surgery and patients with unresectable ICC.

Survival analysis

OS was assessed in patients who underwent ICC resection and patients with unresectable 

ICC. OS was measured from the time of surgery to the time of death for patients who 

underwent ICC resection and from the time of diagnosis to the time of death for patients 

with unresectable ICC. For patients who underwent ICC resection, recurrence-free survival 

(RFS) was also assessed. RFS was measured from the time of surgery to the time of first 

recurrence.

Statistical analyses

Continuous variables were compared using the Mann-Whitney U test with a Bonferroni 

correction for multiple comparisons, while categorical variables were compared using the 

χ2 test. Survival curves were generated using the Kaplan-Meier method, and differences 

on survival between groups were evaluated using Cox proportional hazards model 

analyses.24,25 A Cox proportional hazards model analysis for patients initially included 

arterial enhancement pattern and clinicopathologic factors. A backward elimination with a 

threshold P value of .20 was used to select variables for the final models. HRs and 95% 

confidence intervals (CI) were calculated for each factor. All statistical tests were 2-sided, 

and P<.05 was considered statistically significant. Statistical analysis was conducted with 

SAS 9.4 (SAS Institute).

RESULTS

Patient and tumor characteristics

Of 106 patients who underwent resection of ICC during the study period, 56 patients were 

included in the study (Figure 2A); hereafter, this patient group is termed the surgical cohort. 

Of 302 patients with unresectable ICC treated during the study period, 89 patients were 

included in the study; hereafter, this patient group is termed the medical cohort (Figure 2B). 

Demographic and clinicopathologic characteristics of the surgical and medical cohorts are 

summarized in Table 1.

The rate of hypervascular arterial enhancement pattern was significantly higher in the 

surgical cohort than in the medical cohort (30% vs 15%, P=.023), whereas the rate of 

hypovascular arterial enhancement pattern was significantly lower in the surgical cohort than 
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in the medical cohort (18% vs 37%, P<.001). The rate of peripherally enhancing arterial 

enhancement pattern was similar in the 2 cohorts (surgical, 52%; medical, 48%; P=.68). 

In arterial phase, tumors in the surgical cohort were more radiodense than tumors in the 

medical cohort (mean [SD], 84.3 [36.4] Hounsfield units (HU) vs 63.9 [21.5] HU, P<.001), 

with a higher mean (SD) tumor/liver density ratio (1.18 [0.5] vs 0.85 [0.3], P=.002).

Relationship between enhancement patterns and tumor density

In the surgical cohort, mean (SD) tumor density in the hypervascular, peripherally 

enhancing, and hypovascular groups was 119.3 (45.2) HU, 72.1 (15.9) HU, and 59.9 

(14.4) HU, respectively. Differences between the hypervascular and peripherally enhancing 

groups and between the hypervascular and hypovascular groups were significant (both 

P<.001). Mean tumor/liver density ratio in the hypervascular, peripherally enhancing, and 

hypovascular groups was 1.7 (0.6), 0.9 (0.2), and 0.7 (0.2), respectively. Differences between 

the hypervascular and peripherally enhancing groups and between the hypervascular and 

hypovascular groups were significant (both P<.001). The rates of lymph node metastasis 

were significantly different between the three groups: 5.9% in the hypervascular group, 

6.9% in the peripherally enhancing group, and 40.0% in the hypervascular group, P=.015.

In the medical cohort, mean tumor density in the hypervascular, peripherally enhancing, and 

hypovascular groups was 93.6 (17.5) HU, 66.6 (16.2) HU, and 48.7 (14.3) HU, respectively. 

Differences between the hypervascular and peripherally enhancing groups, between the 

hypervascular and hypovascular groups, and between the peripherally enhancingand 

hypovascular groups were significant (all P<.001). Mean (SD) tumor/liver density ratio 

in the hypervascular, peripherally enhancing, and hypovascular groups was 1.3 (0.2), 0.9 

(0.3), and 0.6 (0.2), respectively. Differences between the hypervascular and peripherally 

enhancing groups, between the hypervascular and hypovascular groups, and between the 

peripherally enhancing and hypovascular groups were significant (all P<.001). The rates of 

extrahepatic disease did not differ significantly between the groups (P = .071).

OS analysis and risk factors for OS in the surgical cohort

In the surgical cohort, 34 (61%) patients died. The 5-year OS rate was significantly better 

in the hypervascular group than in the hypovascular group (68% vs 22%, P=.038), but 

the 5-year OS rate did not differ significantly between the hypervascular group and the 

peripherally enhancing group (68% vs 43%, P=.157) or between the peripherally enhancing 

group and the hypovascular group (43% vs 22%, P=.297) (Figure 3A). Multivariable Cox 

proportional hazards model analysis showed that age, male sex, positive lymph nodes and 

hypovascular arterial enhancement pattern were significantly associated with worse OS 

(Table 2).

RFS analysis and risk factors for RFS in the surgical cohort

In the surgical cohort, 38 (68%) patients experienced recurrence. The 5-year RFS rate was 

significantly better in the hypervascular group than in the hypovascular group (50% vs 12%, 

P=.020), whereas it did not differ significantly between the hypervascular group and the 

peripherally enhancing group (50% vs 20%, P=.052) or between the peripherally enhancing 

group and the hypovascular group (20% vs 12%, P=.351) (Figure 3B). Multivariable Cox 
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proportional hazards model analysis showed that positive lymph nodes and hypovascular 

arterial enhancement pattern were significantly associated with worse RFS (Supplementary 

Table 1).

OS analysis and risk factors for OS in the medical cohort

In the medical cohort, 85 (96%) patients died. The 5-year OS rate was significantly 

better in the hypervascular group than in the hypovascular group (15% vs 0%, P=.030), 

whereas it did not differ significantly between the hypervascular group and the peripherally 

enhancing group (15% vs 0%, P=.096) or between the peripherally enhancing group and the 

hypovascular group (0% vs 0%, P=.396) (Figure 4). A Cox proportional hazards model 

analysis showed that only hypovascular arterial enhancement pattern was significantly 

associated with worse OS: the hypovascular group vs. the hypervascular group (P=.042) 

and the peripherally enhancing group vs. the hypervascular group (P=.121) (Table 3).

DISCUSSION

This study shows that among patients with ICC who underwent resection and patients 

with unresectable ICC, hypervascular arterial enhancement pattern on CT was associated 

with improved survival. Previous studies assessed the prognostic relevance of arterial 

enhancement patterns in patients with ICC who underwent resection, but no study had 

investigated the prognostic relevance of arterial enhancement patterns in patients with 

unresectable ICC who were treated solely with chemotherapy. Min et al20. recently reported 

similar survival patterns according to magnetic resonance imaging (MRI) enhancement 

patterns in 134 patients who underwent resection of ICC. Min et al defined hypervascular 

tumors as those with a hyper-enhanced portion involving 70% or more of the tumor surface 

and peripherally enhancing tumors as tumors with 10% to 70% enhancement of the tumor 

surface; in contrast, in the study reported here, we used greater than 50% and 10% to 50% 

of the tumor exhibiting enhancement to define hypervascular and peripherally enhancing 

tumors, respectively, as previously described by Fujita et al19. and Kim et al21. Fujita et 

al19. also demonstrated worse RFS (but not OS) among patients with hypovascular ICC 

than among patients with peripherally enhancing and hypervascular tumors in a cohort of 47 

patients who underwent resection of ICC.

Interestingly, we found that both mean tumor density and tumor/liver density ratio were 

significantly higher in the surgical cohort than in the medical cohort. Furthermore, 

hypervascular tumors were more frequently identified in the surgical cohort (30% vs 15%). 

These data suggest that hypervascularity may be related to more favorable tumor biology, 

less aggressive presentation, and higher potential for resection. Turkoglu et al18. defined 

ICC as hypervascular when the tumor/liver density ratio was more than 1. In our series, 

hypervascular tumors had a mean (SD) tumor/liver density ratio of 1.7 (0.6) in the surgical 

cohort and 1.3 (0.2) in the medical cohort, suggesting that further validation is required to 

determine an appropriate value to determine hypervascularity. The findings of our study may 

suggest correlation between arterial enhancement patterns with pathologic characteristics 

specific to each patient and could represent tumor biology aggressiveness. As such, the 

information on the arterial enhancement pattern may be used in treatment decision making 
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including indications of surgery, use of neoadjuvant or adjuvant chemotherapy, and intra-

arterial therapy for patents with resectable ICC.

Indeed, high-quality CT imaging can also be used to predict lymph node metastasis in ICC 

with arterial and portal enhancement calculations to predict patients with a poor prognosis. 

A recent study by Zhu et al26. Validated hyperenhancement as an additional factor to 

consider during review of cross-sectional imaging for patients with ICC. Additionally, 

arterial enhancement pattern of ICC may be used to predict lymph node metastases because 

the hypovascular group showed the high rate of lymp node metastases.

There are limitations to this study. First, the analysis was retrospective and therefore 

subject to inherent selection bias. However, this is the first study to include patients who 

underwent resection and patients who had unresectable ICC and received chemotherapy, 

and hypervascular tumors were associated with better survival in both treatment groups. 

Second, more than 80 patients were excluded because baseline CT images were unavailable. 

As such, to use our findings in clinical practice, it is important to have CT images with a 

triphasic or biphasic liver protocol and to establish the scoring criteria of hypervascularity 

for standardization Last, MRI was not evaluated in this study because we did not routinely 

examine in our institute.

In conclusion, hypervascularity during the arterial CT phase is a positive prognostic 

biomarker in patients with ICC, both those with resectable disease and those with 

unresectable disease. This may be explained by less fibrotic stroma in hypervascular tumors. 

Hyperenhancement may provide additional information about tumor biology at the time 

of diagnosis, and this information may be used in treatment decision making including 

indications of surgery, use of neoadjuvant or adjuvant chemotherapy, and intra-arterial 

therapy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

#Vascularity may reflect tumor biology in intrahepatic cholangiocarcinoma

#Vascularity classified into 3 grades in contrast-enhanced CT images

#Better prognosis of hypervascularity in both resectable and unresectable tumors
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Fig. 1. 
Typical computed tomography appearance of (A) hypervascular, (B) peripherally enhancing, 

and (C) hypovascular intrahepatic cholangiocarcinoma.
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Fig. 2. 
Inclusion criteria for patients with mass-forming intrahepatic cholangiocarcinoma in the 

(A) surgical and (B) medical cohorts. Abbreviations: CT, computed tomography; GEMCIS, 

gemcitabine + cisplatin.
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Fig. 3. 
Overall survival (A) and recurrence-free survival (B) by arterial enhancement pattern in 

the surgical cohort. Abbreviations: OS, overall survival; peripherally enh., peripherally 

enhancing; RFS, recurrence-free survival. (A) OS rate was longer in the hypervascular 

group than in the hypovascular group (P=.038), whereas OS rates did not differ significantly 

between the hypervascular group and the peripherally enhancing group (P=.157) or 

between the peripherally enhancing group and the hypovascular group (P=.297) (B) RFS 

rate was longer in the hypervascular group than in the hypovascular group (P=.020), 

whereas RFS rates did not differ significantly between the hypervascular group and the 

peripherally enhancing group (P=.052) or between the peripherally enhancing group and the 

hypovascular group (P=.351).
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Fig. 4. 
Overall survival by arterial enhancement pattern in the medical cohort. Abbreviations: OS, 

overall survival. OS rate was longer in the hypervascular group than in the hypovascular 

group (P=.030), whereas OS rates did not differ significantly between the hypervascular 

group and the peripherally enhancing group (P=.096) or between the peripherally enhancing 

group and the hypovascular group (P=.396).
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Table 1.

Demographic and Clinicopathologic Characteristics of 56 Patients Who Underwent Resection of ICC and 89 

Patients with Unresectable ICC

Characteristic Surgical cohort (n=56) Medical cohort (n=89) P value

Patient factors

 Age, mean (SD), yr 61.0 (11.0) 60.6 (11.7) .646

 Sex, n (%)

  Male 18 (32) 45 (50) .029

  Female 38 (68) 44 (50)

Tumor clinical factors

 CA19–9 level at diagnosis, mean (SD), U/mL 629.4 (2570.9) 5470.7 (18826.8) .002

 CA19–9 >37 U/mL, n (%) 26 (46) 54 (61) .093

Neoadjuvant chemotherapy, n (%) 19 (34) - -

  Number of cycles, mean (SD) 6.7 (3.4) - -

  Partial response, n (%) 8 (42) - -

 Adjuvant chemotherapy, n (%) 40 (71) - -

History of viral hepatitis, n (%)
a 5 (13) 8 (19) .474

Tumor histopathologic factors

 Poorly differentiated tumor, n (%) 23 (41) 36 (51) .247

 Maximum tumor size, median (SD), cm 6.1 (2.3)
10.8 (3.8)

b <.001

Multiple tumors, n (%) 8 (14)
56 (63)

b <.001

 Number of tumors, mean (SD) 6.9 (12.9)
11.2 (18.0)

b <.001

 Positive lymph nodes, n (%)
c 7 (33) - -

 T category ≥3, n (%) 12 (21) - -

 R1 surgical margin, n (%) 15 (27) - -

 Cirrhosis, n (%) 3 (5) - -

Arterial enhancement pattern

Hypervascular, n (%) 17 (30) 13 (15) .023

 Peripherally enhancing, n (%) 29 (52) 43 (48) .684

 Hypovascular, n (%) 10 (18) 33 (37) <.001

Tumor density, mean (SD), HU 84.3 (36.4) 63.9 (21.5) <.001

 Tumor/liver density ratio, mean (SD) 1.18 (0.5) 0.85 (0.3) .002

Abbreviations: CA19–9, carbohydrate antigen 19–9; HU, Hounsfield unit; ICC, intrahepatic cholangiocarcinoma; SD, standard deviation.

a
Data on viral hepatitis were unavailable for 17 patients in the surgical cohort and 46 patients in the medical cohort.

b
Radiologic data.

c
Data on lymph node status were unavailable for 35 patients who did not undergo lymphadenectomy.
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Table 2.

Multivariable Cox Proportional Hazards Model Analysis for Overall Survival in 56 Patients Who Underwent 

Resection of ICC*

Variable No. of patients No. of events HR 95% CI P value

Age - - 1.06 1.02–1.11 0.003

Sex

  Male 18 14 3.95 1.76–8.84 < 0.001

  Female 38 20 Reference

Positive lymph nodes

  Yes 7 6 4.45 1.67–11.87 0.003

  No 49 28 Reference

Arterial enhancement pattern

  Hypovascular 10 7 5.33 1.52–19.90 0.009

  Peripherally enhancing 29 20 1.65 0.67–4.09 0.280

  Hypervascular 17 7 Reference

Abbreviations: ICC, intrahepatic cholangiocarcinoma; HR, hazard ratio.

*
A Cox proportional hazards model analysis initially included age (continuous variable), sex, prehepatectomy CA19–9 level (> 37 vs ≤ 37 ng/mL), 

prehepatectomy chemotherapy, lymph node metastasis, number of ICC (multiple vs single), largest ICC diameter (> 3 vs ≤ 3 cm), and arterial 
enhancement patter. A backward elimination with a threshold P value of 0.20 was used to select variables for the final models.
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Table 3.

Univariable and Multivariable Cox Proportional Hazards Model Analysis for Overall Survival in 89 Patients 

with Unresectable ICC

Factor No. of patients No. of events HR 95% CI P value

Age – – 0.99 0.97–1.01 0.194

CA 19–9 level

 > 37 mU/L 63 61 1.39 0.85–2.26 0.193

 ≤ 37 mU/L 25 23 Reference

Arterial enhancement pattern

 Hypovascular 33 32 2.08 1.03–4.21 0.042

 Peripherally enhancing 43 41 1.73 0.87–3.47 0.121

 Hypervascular 13 12 Reference

Abbreviations: ICC, intrahepatic cholangiocarcinoma; HR, hazard ratio.

*
A Cox proportional hazards model analysis initially included age (continuous variable), sex, pretreatment CA19–9 level (> 37 vs ≤ 37 ng/mL), 

number of ICC (multiple vs single), largest ICC diameter (> 3 vs ≤ 3 cm), and arterial enhancement pattern. A backward elimination with a 
threshold P value of 0.20 was used to select variables for the final models.
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