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The Value of Diffusion Kurtosis Imaging in Predicting Post-surgery Early Recurrence of Hepatocellular Carcinoma
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[Abstract] Objective  To determine the value of diffusion kurtosis imaging for predicting one-year early
recurrence (ER) of hepatocellular carcinoma (HCC) after curative resection. Methods 55 HCC patients were
enrolled into this prospective study and received preoperative magnetic resonance ( MR) examination including
diffusion kurtosis imaging (DKI). The patients were followed up for at least one year after curative resection. The
morphological features of HCC were assessed using the conventional contrast-enhanced MR images. Mean diffusivity
(MD) and mean kurtosis (MK) were calculated for the intratumoral and peritumoral regions. Univariate and
multivariate logistic regression analyses were performed to assess the relative value of these parameters as a potential
predictor of ER. Receiver operating characteristic (ROC) curve analyses were used to determine the diagnostic
performance of these quantitative parameters. Results Increased alpha-fetoprotein ( AFP)., BCLC stage, tumor
number (Z=2), high grade HCC, peritumoral MK, and decreased peritumoral MD were associated with higher one-
year ER of HCC (P<C0.05). The multivariate analyses confirmed that high grade HCC Codds ratio (OR) =5. 37,
95% confidence interval (CI):1.01-28. 50, P=0. 048] and increased peritumoral MK (OR=5. 38,95%CI.1. 53-
18.92,P=0.009) were independent risk factors for the ER of HCC. The area under curve was 0. 79 (P<C0. 001)
for peritumoral MK, with an optimal sensitivity of 85. 2% and specificity of 64. 3% at the cut-off of 0. 96.
Conclusion Peritumoral MK has moderate diagnostic performance in predicting ER of HCC. Higher peritumoral

MK value in combination with high-grade HCC are potential biomarkers for predicting one-year ER of HCC.
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Table 1 Characteristics and their clinical, pathologic and MR features in HCC patients with and without ER
Parameter Total (n=55) ER (n=27) Non-ER (n=28) P
Clinical characteristics
Age/yr. sx+s 49.0+11.3 47.4+11.6 50.6+10.9 0. 298
(Male/female) /case 46/9 22/5 24/4
Etiology of liver disease/case (%) 0.610
HBV ™ 42 (76.4) 21 (77.8) 21 (75.0)
HCV* 1(1.8) 0 (0) 1(3.6)
None or other 12 (21. 8) 6 (22.2) 6 (21.4)
AFP (>>400 ng/mL) /case (%) 27 (49. 1) 17 (63.0) 10 (35.7) 0. 040
ALT (=40 ng/mL) /case (%) 22 (40.0) 10 (37.0) 12 (42.9) 0. 660
AST (>>35 ng/mL) /case (%) 29 (52.7) 14 (51.9) 15 (53.6) 0. 900
BCLC stage (C stage and higher) /case (%) 16 (29. D) 12 (44. 1) 4(14. 3) 0.019
Pathologic findings
Edmondson-Steinter grade/case (%) 0.010
Low grade 28 (50.9) 9 (33.3) 19 (67.9)
High grade 27 (49. 1D 18 (66.7) 9 (32. 1
Fibrosis stage/case (%) 0. 694
Low grade 25 (45.5) 13 (48. 1) 12 (42.9)
High grade 30 (54.5) 14 (51.9) 16 (57. 1)
MR features
Morphologic features/case (%)
No. of lesions (=2) 15 (27.3) 11 (40.7) 4 (14.3) 0.037
Largest diameter (=5 cm) 34 (61.8) 16 (59.3) 18 (64.3) 0. 700
Multifocality 19 (34.5) 12 (44. 4) 7 (25.0) 0. 130
Non-smooth tumor margin 25 (45.5) 13 (48. 1) 12 (42.9) 0. 690
Capsule integrity 15 (27.3) 5 (18.5) 10 (35.7) 0.152
Presence of necrosis 43 (78.2) 20 (74. 1) 23 (82. 1) 0.469
Fast wash-in and fast wash-out 48 (87.3) 22 (81.5) 26 (92.9) 0. 252
Corona enhancement 25 (45.5) 14 (51.9) 11 (39.3) 0. 350
Internal artery 20 (36.4) 13 (48. 1) 7 (25.0) 0.074
DKI paramters (x=s)
MDiymor /(X 1072 mm?/s) 1.4540. 23 1.4140. 24 1.5040. 21 0. 150
MK (umor 0.87+0.10 0.89+0.12 0.84+0.08 0.047
MDyeri/ (X 107° mm?® /) 1. 6740. 30 1.5840. 23 1. 7540. 34 0.034
MK pesi 1.0040. 16 1.06=+0. 16 0.94+0.13 0. 006

ER. Early recurrence; AFP. Alpha-fetoprotein; ALT:

Barcelona Clinic Liver Cancer stage; MD: Mean diffusion; MK: Mean kurtosis

Alanine aminotransferase; AST. Aspartate aminotransaminase; BCLC stage:
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Fig 1 A 63-year-old man diagnosed with EGS [ grade HCC after liver resection. The patient did not have tumor recurrence within 1 year. MD and
MK values for the tumor (white arrow) were 1. 50 X 1073 mm?/s and 0. 79, respectively. Mean value of MD and MK for the peritumoral region
were 1. 58 X 1073 mm?/s and 0. 99, respectively Fig 2 A 42-year-old man with EGS [[ grade HCC. The patient suffered intrahepatic
recurrence at 4 months after hepatic resection. Lower MD and MK of the tumor (white arrow) , and higher peritumoral MK were found. MD and
MK values for the lesion were 1. 25X 1073 mm? /s and 0. 88, respectively. Mean values of MD and MK for the peritumoral region were 1. 29X 1073
mm? /s and 1. 17, respectively

1A,2A: DKI images (b=1 400 s/mm?) and the depiction of ROIs; 1B,2B: MD maps; 1C,2C: MK maps; 1D,2D; HE X200
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Table 2 Univariate and multivariate logistic regression analyses on risk factors associated with ER of HCC

Univariate analysis

Multivariate analysis

Independent variable

OR (95%CD p OR (95%CD P
Clinical characteristics
Age (=50 yr.) 0.52 (0.18-1.51) 0.229
AFP (>400 ng/mL) 3.06 (1.02-9.18) 0. 046 1. 83 (0. 37-9.06) 0. 457
BCLC stage (C stage and higher) 4.80 (1.31-17.66) 0.018 5.53 (0.73-41.9) 0. 098
Pathologic findings
Edmondson-Steinter grade Chigh grade) 4.22 (1.37-13.03) 0.012 5.37 (1.01-28.50) 0. 048
Fibrosis stage (high grade) 1. 24 (0.43-3.59) 0. 694
MR features
Morphologic features/case (%)
No. of lesions (=2) 4.13 (1.12-15. 25) 0.034 4.59 (0.70-30.00) 0.110
Largest diameter (Z=>5 cm) 0.81 (0.27-2.40) 0. 700
Multifocality 2.40 (0.77-7.53) 0. 134
Non-smooth tumor margin 1. 24 (0.43-3.59) 0. 694
Capsule integrity 2.44 (0.71-8. 46) 0. 160
Presence of necrosis 0.62 (0.17-2.27) 0.470
Fast wash-in and fast wash-out 3.00 (0.52-16.76) 0.220
Corona enhancement 1.94 (0.66-5.71) 0. 230
Internal artery 3.23 (1.03-10. 1) 0.078
DKI parameters
MDumor 0.16 (0.01-1.93) 0. 150
MK tumor 1. 79 (1.00-3. 25) 0. 054
MDyeri 0.53 (0.29-0.98) 0. 045 1. 06 (0.42-2.67) 0. 900
MK ,eri 3.72 (1.62-8.53) 0.002 5.38 (1.53-18.92) 0.009

OR: Odds ratio; CI: Confidence interval; AFP, BCLC stage, MD, MK: Denote the same as those in table 1
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Fig 3 ROC curve of peritumoral MK in predicting ER
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