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New method for the assessment of perineural invasion
from perihilar cholangiocarcinoma
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Table 1 Demographic and baseline characteristics.

PN(+) PN(-) p
n=20 n=236
Age
Mean + SD 67=+11 65+13 0.75
Sex
Male 16 19 0.08
Female 4 17
Body mass index
Mean + SD 23+4 22+4 0.94
<25 kg/m? 17 29 0.96
>25 kg/m? 3 7
PN, perineural invasion
Table 2 Summary of the mean CT numbers of the PAL.
N PAL around SMA PAL around RHA
100 keV )4 140keV p 100 keV p 140keV p
Body mass index
<25 kg/m? 46 103 +30 <001 60+19 0.01 111 +36 0.02 62+23  0.04
>25 kg/m? 10 76 £ 25 44 + 15 89+ 18 50+ 10
Perineural invasion
Present 20 95+ 36 0.60 54+22 048 123 +33 0.01 70+£19  <0.01
Absent 36 100 + 28 58+ 17 98 £32 54+ 21
PAL, periarterial layer; SMA, the superior mesenteric artery; RHA, the right hepatic artery
Table 3 Summary of distribution of the patients according to cutoff value of the PAL ratio.

Cutoff  True False  False True  Sensitivity  Specificity =~ Accuracy  Positive =~ Negative
posi- posi-  nega- nega- predictive predictive
tive tive tive tive value value

100 keV  1.009 16 10 4 26 0.800 0.722 0.750 0.615 0.867
140 keV  1.005 16 4 28 0.800 0.778 0.786 0.667 0.875

PAL, periarterial layer



Fig. 1 The preparation of the mask image by PLUTO.

A The target artery was painted and this painted image was defined as “Image a” (red).

B The image defined as “Image b” (blue) was extracted from “Image a” using 2-voxel dilation as a morphological
operation.

C To eliminate voxels with excessively high CT numbers, “Image ¢’ was reconstructed by extraction of “Image a”, the
biliary catheter or stent, and thick arteries close to the target artery.

D “Image c (yellow)” was subtracted from “Image b” (blue).

E The mask image could be extracted and was defined as the “periarterial layer (PAL)”.

F After reconstruction of a 3D volume rendering image of the PAL, tubularshaped images surrounding the target artery
with a 2-voxel thickness (1.25-1.60 mm) could be obtained.

PAL, periarterial layer

Patients with perihilar cholangiocarcinoma
who underwent DECT (n=30)

Patients with liver metastasis (n=21),
benign liver tumor (n=3), and
benign pancreas disease (n=2)

v

|Unr&sected n=3 |Resected in=27 )I

A4
With perineural invasion Without perineural invasion
around the RHA (n=17) around the RHA (n=10)
v v v
| PN(+) group (n=20) | | PN(-) group (n=36) |

Fig. 2 The patients included in the present study.
DECT, dual-energy computed tomography, PN, perineural invasion, RHA, right hepatic artery
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Fig. 3 Comparison of the histological findings with imaging of the PAL. On the DECT of viewer, the range of the
PAL was between the outside of the enhanced artery and the inside of the dotted circle. In the PN (—) group (A), the
PAL included a non-enhanced area and a minor enhanced area. In the PN (+) group (B), the PAL included minor and
highly enhanced areas. On histological findings, the range of the PAL was between the outside of the arterial lumen
and the inside of the dotted line. In the PN (—) group (C), the PAL included the nerve cell surrounding the arterial wall
but no cancer cells. In the PN (+) group (D), the PAL included perineural invasion surrounding the arterial wall.

PAL, periarterial layer, DECT, dual-energy computed tomography, PN, perineural invasion
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Fig. 4 The CT number of the PAL (A) and the PAL ratio (B) according to presence or absence of perineural invasion.
PN, perineural invasion, PAL, periarterial layer, HU, Hounsfield unit
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Fig. 5 The receiver operating characteristic curves for the CT number of the PAL around the RHA (A) and the PAL
ratio (B). The area under curve (AUC) values for the CT number of the PAL were 0.698 under a 100 keV scan and
0.702 under a 140 keV scan; the AUC values for the PAL ratio were 0.827 under a 100 keV scan and 0.837 under a 140

keV scan.
RHA, right hepatic artery, PAL, periarterial layer






