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ABSTRACT

Purpose: The purpose of this study was to assess the value of subtraction on post-arterial
phase images (i.e., portal venous, delayed/transitional and hepatobiliary phases) for the
non-invasive diagnosis of hepatocellular carcinoma (HCC) in spontaneously hyperintense
nodules on T1-weighted imaging in patients with cirrhosis.

Materials and methods: Forty-five patients with a total 55 hepatic nodules that were
spontaneously hyperintense on Tl-weighted images were initially retrieved. All patients
underwent MRI examination of the liver using extracellular agent. Each nodule was
assessed for sensitivity and specificity using LI-RADS (Liver Imaging Reporting and Data
System) during two reading sessions performed first without then with subtraction images
on post-arterial phase images. The final gold standard was defined by a step-by-step
algorithm previously published combining histology, typical imaging, alfa fetoprotein and
follow-up.

Results: Forty-six nodules (26 HCC) in 39 patients with cirrhosis were analyzed. Using LI-
RADS, the sensitivity and specificity for the diagnosis of HCC were 64% (95% CI: 41, 83)
and 67% (95% CI: 41, 87) without subtraction images; and 73% (95%CI: 50, 89) (P =
1.000) and 33% (95%CI: 13, 59) (P = 0.553) on subtraction images using extracellular
contrast agent. Fifty-five percent (22/40) of nodules displayed a washout without
subtraction and 70% (28/40) did so on subtraction images obtained with extracellular
contrast agent. Twenty nodules out of 40 (50%) were classified LI-RADS 5 without
subtraction, and 28 out of 40 nodules (70%) with subtraction.

Conclusion: These results suggest that the use of subtraction images on post-arterial
phase images (i.e., PVP, DP/TP and HBP) is not relevant for the non-invasive diagnosis of
HCC for spontaneously hyperintense nodules on T1-weighted images in patients with liver

cirrhosis.



INTRODUCTION

The diagnosis of hepatocellular carcinoma (HCC) can be made non-invasively without
histopathological confirmation in high-risk patients (i.e., those with cirrhosis according to
the European Association for the Study of the Liver [EASL v.2018], chronic hepatitis B
viral infection, current or prior HCC according to the Liver Imaging Reporting And Data
System [LI-RADS v.2018]), provided that the liver nodules display typical imaging
features [1-3]. These typical imaging features slightly differ among international
guidelines, but all include at least arterial phase hyper-enhancement (APHE) and washout
[1-6].

The assessment of these two features is purely visual and does not rely on quantitative
methods. The depiction of APHE can be challenging for nodules that are spontaneously
hyperintense on T1-weighted images. The reported rate of spontaneously hyperintense
nodules on T1-weighted images in cirrhotic liver, ranges from 12 to 25% of observations
[7-9]. The differentials include HCCs but also regenerative or dysplastic nodules,
adenoma and focal nodular hyperplasia [10]. Seventeen p. cent of HCCs can also show
hyperintensity on T1-weighted images due to the accumulation of copper, iron and/or
manganese. Hyperintensity on T1-weighted images is associated with the degree of
differentiation, being reported for Edmonson grade 1 or 2 HCCs, but not grades 3 or 4
[11]. To address this, guidelines recommend the use of arterial phase subtraction images
[12,13]. However, using such subtraction images on post-arterial phases (i.e., portal
venous phase [PVP], delayed phase [DP], transitional phase [TP] and hepatobiliary phase
[HBP]) to extract features, especially washout, has never been properly investigated and

is not currently included in international recommendations.



The purpose of this study was to assess the value of subtraction on post-arterial phase
images (i.e., PV, DP/TP and HBP) for the non-invasive diagnosis of HCC in spontaneously

hyperintense nodules on T1-weighted images in patients with cirrhosis.



MATERIALS AND METHODS

1. Patients and nodules

This study is a diagnostic accuracy ancillary study of a previously published prospective
multicenter study [14,15]. The former study was approved by a National Ethics
Committee, registered as NCT00848952, and this ancillary study has been approved by
a local ethics committee (registration no. 2021-023). All patients gave written and
informed consent.

The initial database included 171 patients with 225 liver nodules. Inclusions were made
prospectively between August 2014 and September 2017 in eight university hospital
centers across France. Inclusion criteria were: patient with compensated cirrhosis
undergoing surveillance with a de novo nodule with a diameter ranging between 10 mm
and 30 mm, with a maximum of three nodules for each patient. When the patient had
more than three nodules, the three largest nodules were selected for further analysis.
Exclusion criteria were: nodules located close to or less than 2 cm from a previously
treated nodule and previous transarterial chemoembolization. The readings from this
database were undertaken by on-site radiologists.

From this initial database with on-site reading, nodules reported to display spontaneous
hypersignal when compared to the surrounding liver on pre-contrast T1-weighted images
were extracted. Of the 225 nodules (153 HCC) in 171 patients, 55 nodules were reported
to show spontaneous hypersignal on T1-weighted images in 45 patients from seven
centers. After applying the exclusion criteria, 46 nodules (26 HCC) in 39 patients were

analyzed. The flow chart of the study is provided in Figure 1.



First, hyperintensity on T1-weighted images was visually confirmed by comparing the
nodule to the surrounding liver signal on pre-contrast T1-weighted images by an expert
radiologist (AP). Then a centralized reading was made and used for the current study

(see below).

2. MRI acquisition protocol

All patients underwent both extracellular (ECA-MRI) and gadoxetate-enhanced (HBA-
MRI) MR imaging within one month. MRI examinations were performed at each center,
using 1.5-T scanners in seven centers or 3-T scanners in three centers (2 centers used
both 3-T and 1.5-T MRI).

The following sequences were acquired: fat-suppressed fast spin-echo T2-weighted
imaging; diffusion-weighted imaging (using at least two b-values of 0 and =600
s/mms2); a breath-hold and opposed phase T1-weighted gradient-echo sequence; a fat-
suppressed breath-hold imaging T1-weighted gradient-echo sequence with unenhanced,
arterial phase (AP), portal venous phase (PVP), delayed phase (DP)/transitional phase
(TP) and, for HBA-MRI, hepatobiliary phase (HBP).

AP was acquired 7-8 seconds after the arrival of the contrast agent in the descending
aorta, with a single or multi-arterial acquisition; PVP at 70-90 seconds; DP/TP at 3
minutes and HBP at 20 minutes. The contrast agents and saline were injected with a
power injector at 2 mL/s for the ECA and 1 mL/s for HBA (Gd-EOB-DTPA, Primovist, Bayer
Healthcare, Berlin, Germany).

Subtraction images were obtained for all post-contrast phases (i.e., AP, PVP, DP/TP and
HBP). The subtraction images were already present for 31 examinations (out of 70),

because they were automatically computed during the MRI examinations as part of
6



routine clinical practice in the participating centers. These images were therefore used
for the centralized readings. For the remaining 39 examinations, the Syngo-via software
(Workstation Syngo-via VB30 Siemens, Erlangen, Germany) was used to compute post-

arterial phase subtraction.

3. Images analysis

Two readers (AP, a senior digestive imaging expert radiologist with seven years of
experience, and JB, a junior radiologist, 2 years of residency) independently performed
2 retrospective reviews of each nodule on Synapse (Synapse V4 Fujifilm PACS). Readers
were blinded from the final diagnosis. Examinations were anonymized and presented in
a random fashion.

The first reading session was performed using subtraction images for the arterial phase
only (i.e., not for post-arterial phases PVP, DP/TP and HBP), as recommended by
guidelines [12,13]. The second reading was performed with all subtraction images (i.e.,
for AP, PVP, DP/TP and HBP) and at least one month after the first reading in order to
avoid recall bias. Where there were discrepancies between the two readings, two
additional expert senior radiologists from another tertiary center (MR and RC with 13
years and 5 years of experience, respectively) performed a third reading that included
all subtraction images.

Subtraction image quality was assessed using the following scale: no artifacts; mild
artifacts but no review limitation; moderate artifacts limiting the review; severe artifacts
(unreadable). Imaging features (e.g., non-rim APHE, non-peripheral washout) were
reported following the LI-RADS v2018 terminology and definitions [12]. Nodules were

therefore classified according to the LI-RADS v2018 and the EASL v2018
7



recommendations (with ECA and HBA-MRI) and according to KLCA-NCC v2018 and APASL

v2018 with HBA-MRI only [1-6].

4. Reference method for diagnosis

The complete reference standard has been described in a previous publication [14].
Briefly, it is based on a step-by-step algorithm built to reach the highest possible
specificity and to classify nodules as “HCC” or “not HCC": i) nodules with histology
obtained by surgery (resection or transplantation) were classified as "HCC" or “not HCC”;
ii) nodules with histology obtained by biopsy were retained only if a diagnosis of tumor
(benign or malign) or of cirrhotic nodule (regenerative or dysplastic) was given; iii) if a
defined diagnostic of the nodule was not provided by histology, the presence of typical
features of HCC using at least two imaging techniques classified the nodule as HCC; iv)
a nodule larger than 2 cm associated with an alfa fetoprotein serum level > 200 ng/mL
was considered as HCC; v) if the nodule remained negative, the nodule was monitored

by imaging and alfa fetoprotein serum level at 3, 6, 9 and 12 months.

5. Statistical analysis

Continuous variables were expressed as mean and < standard deviation (SD) or median
and inter-quartile ranges (Q1, Q3) and ranges when appropriate [16]. Shapiro-Wilk test
was used to assess normality. Categorical variables were expressed as raw numbers,
proportions and percentages. Due to the small sample size and to limit the potential bias
induced by the order in which examinations had been performed, an exact test was used

to compare sensitivities and specificities without and with subtraction. The test is formally



equivalent to Fisher’s exact test [17]. The resulting P-values were adjusted with the Holm
procedure for multiplicity issues. The influence of the magnetic field (3T or 1.5T) and the
size of the lesion were evaluated through a generalized linear mixed model. All statistical
analyses were performed using R version 3.6.0. A P-value <0.05 was considered to

indicate significant difference.



RESULTS

1. Patients and nodules

A total of 39 patients were ultimately included. There were 35 men and four women, with
a mean age of 62 £ 10 (SD) years (range: 46 - 81 years) (Table I). The main etiologies
of cirrhosis were alcohol abuse (n = 29/39, 74%) and non-alcoholic fatty liver disease (n
= 12/39, 31%). Thirty-three patients underwent analyzable ECA-MRI (22 HCCs), and 38
underwent analyzable HBA-MRI (25 HCCs).

Six ECA-MRI (6 nodules), and two HBA-MRI (2 nodules) could not be analyzed because
of the impossibility of performing post-hoc subtraction with the Syngo-via software
(owing to a different matrix size between pre-contrast and post-contrast sequences).
Therefore, ECA-MRI could be analyzed in 33/39 patients (40 nodules, 22 HCC) and HBA-
MRI in 37/39 patients (44 nodules, 25 HCC). Out of 46 analyzed lesions 26 were HCC
(56%) and the mean tumor size was 17 £ 5 (SD) mm (range: 10 - 30 mm). The flow
chart is provided in Figure 1. Thirty-two lesions were acquired with a 1.5-T MRI and 14

with a 3-T MRI.
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r .
171 patients

225 nodules
Excluded: 170 nodules

Non spontaneously T1 hypersignal

45 patients

55 nodules

Excluded: 9 nodules
No complete MRI available

39 patients
46 nodules

stouts

HBA-MRI

39 patients
46 nodules

39 patients

46 nodules

No subtraction
sequence available
2 patients / 2 nodules

No subtraction
sequence available

6 patients / 6 nodules

33 patients 37 patients
40 nodules 44 nodules
18 non HCC 22 HCC 19 non HCC 25 HCC
9 with histology 16 with histology 9 with histology 18 with histology

- 5 dysplastic nodules
- 2 regenerative nodules

6 with at least 2 positive
typical imaging systems

- 5 dysplastic nodules
- 2 regenerative nodules

7 with at least 2 positive
typical imaging systems

- 1 inflammatory adenoma
- 1 focal nodular hyperplasia
10 with follow-up

- 1 inflammatory adenoma
- 1 focal nodular hyperplasia
9 with follow-up

Figure 1 : Study flow chart
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Table I: Patient’s characteristics

Characteristic

Sex

Men (%)

35 (35/39; 90)

Women (%)

4 (4/39; 10)

Age (year)

62 + 10 [46 - 81]

Etiology of cirrhosis*

Alcohol 29 (29/39; 74)
HBV 1(1/39; 3)
HCV 6 (6/39; 15)
NAFLD 12 (12/39; 31)

Hemochromatosis

1 (1/39; 3)

History of HCC

5 (5/39; 13)

37) t

Aspartate aminotransferase (IU/L) | 49 [39 - 69]
(n=38)t

Alanine aminotransferase (IU/L) (n | 34 [25 - 54]
=38) 1

Total serum bilirubin (umol/L) (n = | 21 [15-28]

Albumin (g/L) (n = 36)

34 + 5[26 - 45]

Prothrombin time (%) (n = 38)

71 + 17 [35 - 103]

Platelets (x 10°/L) (n = 38) t

97 [79 - 133]

Child-Pugh score (n = 36)

A 25 (25/36; 69)
B 9 (9/36; 25)
C 2 (2/36; 6)

Number of nodules per patient

1 nodule 33 (33/39; 85)
2 nodules 5 (5/39;13)
3 nodules 1(1/39; 3)

Size of nodules (mm)

17 + 5[10 - 30]

10-19 mm

32 (32/46; 70)

20-30 mm

14 (14/46; 30)

Quantitative data are presented as means * standard deviations and ranges. Qualitative data are

presented as n (proportion; %).

T The mean % standard deviation is replaced by the median [Q1, Q3] when appropriate for patient

characteristics.

*A patient could have multiple etiologies
HBV: hepatitis B virus; HCV: hepatitis C virus; NAFLD: non-alcoholic fatty liver disease
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2. Quality of subtraction images

Of the 33 MRI examinations with ECA-MRI, moderate or severe artifacts were present in

4/33 (12%) and 5/32 (16%) subtraction images of PVP and DP, respectively (Table II).

Of the 37 MRI examinations with HBA-MRI, moderate or severe artifacts were present in

4/37 (11%), 6/36 (17%), and 5/35 (14%) subtraction images of PVP, TP and HBP.

Table II: Quality of subtraction images

Subtraction

. . ECA-MRI HBA-MRI
image quality
Arterial PVP DP Arterial PVP TP HBP
(n = 33) (n = 33) (n =33) (n =37) (n=37) (n = 37) (n=37)
No artifact 25 28 24 28 29 25 23
(76%) (85%) (73%) (76%) (78%) (68%) (62%)
Mild artifacts 3 (9%) 1 (3%) 3 (9%) 1 (3%) 5 (14%) 6 (16%) 8 (22%)
Moderate 4 (12%) 4 (12%) 5 (15%) 6 (16%) 3 (8%) 5 (14%) 4 (11%)
artifacts
Severe artifacts 1 (3%) 0 (0%) 0 (0%) 3 (8%) 1 (3%) 1 (3%) 1 (3%)
No subtraction 0 (0%) 0 (0%) 1 (3%) 0 (0%) 0 (0%) 1 (3%) 2 (5%)
sequence
available

ECA: extracellular contrast agent; HBA: hepatobiliary contrast agent; PVP: portal venous phase; DP:

delayed phase; TP: transitional phase; HBP: hepatobiliary phase.

Data are presented as n (%).
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3. Imaging features with and without subtractions on
post-arterial phase images

Imaging features without and with the use of subtraction images at AP, PVP, DP/TP and
HBP are provided in Table III.

On ECA-MRI at PVP, 11/22 (50%) HCCs displayed non-peripheral washout without
subtraction compared to 12/22 (55%) when using subtraction (P > 0.999). Among the
non-HCC cases, non-peripheral washout was present in 2/18 (11%) without subtraction
compared to 11/18 (61%) when using subtraction (P = 0.064).

On ECA-MRI at DP, 14/22 (64%) HCCs displayed non-peripheral washout compared to
15/22 (68%) when using subtraction. Among the non-HCC nodules, non-peripheral
washout was present in 5/18 (28%) without subtraction compared to 12/18 (67%) when
using subtraction (P = 0.069). On HBA-MRI at HBP, hypointensity was depicted in 12/25
(48%) without subtraction vs. 19/25 (76%) with subtraction (P = 0.069).

Using a generalized linear mixed model, there was no influence of the size of the lesion
on washout detection for both ECA-MRI and HBA-MRI at PVP and DP/TP (P between 0.068
and 0.544). There was an influence of the magnetic field only for ECA-MRI at PVP (P =

0.009).
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Table III: Image features with and without subtraction on post-contrast sequences for

extracellular (ECA) and hepatobiliary (HBA) MRI contrast agents

NON-HCC (N = 18 FOR ECA, N = 19 FOR HBA)

Non Non
Nonrim peripheral peripheral Hyposignal Hyposignal Enhancing
APHE washout washout TP HBP capsule
PVP DP
No 14 o o o
SUB (78%) 2 (11%) 5 (28%) NA NA 4 (22%)
ECA
11 0, 0, 0,
SUB (61%) 11 (61%) 12 (67%) NA NA 7 (39%)
No 16 1 (5%) NA 6 (32%) 8 (42%) 3 (16%)
SUB (84%)
HBA
10 0, 0] o, 0,
SUB (53%) 7 (37%) NA 11 (58%) 12 (63%) 3 (16%)
HCC (N = 22 FOR ECA, N = 25 FOR HBA)
Non Non
Nonrim peripheral peripheral Hyposignal Hyposignal Enhancing
APHE washout washout TP HBP capsule
PVP DP
No 22 o o o
SUB (100%) 11 (50%) 14 (64%) NA NA 9 (41%)
ECA
18 0, 0, o,
SUB (81%) 12 (55%) 15 (68%) NA NA 10 (46%)
No 25 5 (20%) NA 6 (24%) 12 (48%) 7 (28%)
SUB (100%)
HBA
SUB (8%)2/0) 11 (44%) NA 15 (60%) 19 (76%) 8 (32%)

Data are presented as n (%).

ECA: extracellular contrast agent; HBA: hepatobiliary contrast agent; HCC: hepatocellular

carcinoma; SUB: subtraction; WO: washout; PVP: portal venous phase; DP: delayed phase; TP:

transitional phase; HBP: hepatobiliary phase; NA: not applicable
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4. Non-invasive diagnosis of HCC with and without
subtractions on post-arterial phase images

Details of the diagnostic performance of ECA-MRI and HBA-MRI with and without subtraction
images on PVP, DP/TP and HBP images are provided in Table IV.

Using LI-RADS v2018, the sensitivity of ECA-MRI for the diagnosis of HCC was 64% (14/22;
95% CI: 41, 83) vs. 73% (16/22; 95% CI: 50, 89) (P > 0.999) without and with subtraction
images on post-arterial phases, respectively. Corresponding specificity was 67% (12/18; 95%
CIl: 41, 87) vs. 33% (6/18; 95% CI: 13, 59) (p = 0.553), respectively (Figures 2 and 3).
The sensitivity of HBA-MRI was 24% (6/25; 95% CI: 9, 45) vs. 44% (11/25; 95% CI: 24, 65)
(P= 0.699) without and with subtraction images on post-arterial phases, respectively.
Corresponding specificity was 95% (18/19; 95% CI: 74, 100) vs. 79% (15/19; 95% CI: 54,
94) (P = 0.660), respectively.

Using EASL v2018, the sensitivity of ECA-MRI for the diagnosis of HCC was 59% (13/22; 95%
CI: 36, 79) vs. 68% (12/22; 95% CI: 45, 86) (P > 0.999) without and with subtraction images
on post-arterial phases, respectively. Corresponding specificity was 72% (13/18; 95% CI: 47,
90) vs. 39% (7/18; 95% CI: 17, 64) (P= 0.553), respectively.

The sensitivity of HBA-MRI was 16% (4/25; 95% CI: 5, 36) vs. 40.0% (10/25; 95% CI: 21,
61) (P = 0.628) without and with subtraction images on post-arterial phases, respectively.
Corresponding specificity was 100% (19/19; 95% CI: 82, 100) vs. 79% (15/19; 95% CI: 54,
94) (P = 0.553), respectively.

Using KLCA-NCC v2018, the sensitivity of HBA-MRI for the diagnosis of HCC was 68% (17/25;
95% CI: 47, 85) vs. 84% (21/25; 95% CI: 64, 96) (P = 0.963) without and with subtraction
images on post-arterial phases, respectively. The corresponding specificity was 58% (11/19;

95% CI: 34, 80) vs. 37% (7/19; 95% CI: 16, 62) (P = 0.660), respectively.
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Using APASL v2017, the sensitivity of HBA-MRI for the diagnosis of HCC was 64% (16/25;

95% CI: 43, 82) vs. 84% (21/25; 95% CI: 64, 96) (P = 0.785) without and with subtraction

images on post-arterial phases, respectively. The corresponding specificity was 63% (12/19;

95% CI: 38, 84) vs. 37% (7/19; 95% CI: 16, 62) (P = 0.582), respectively.

Table IV: Performance of ECA-MRI and HBA-MRI without and with subtraction on post-arterial

phase images according to LI-RADS v2018, EASL v2018, KLCA-NCC v2018, APASL v2017

Guideline HCC | Se Spe NPV PPV DA False positive
LI-RADS 22 64 67 60 70 65 6 (3 with histology:
ECA (n = (14/22; (12/18; (12/20; (14/20; (26/40; 2 regenerative nodules;
40) 41, 83) 41, 87) 36, 81) 46, 88) 48, 79) 1 dysplastic nodule)
LI-RADS 22 73 33 50 57 55 12 (6 with histology:
sub ECA (16/22; (6/18; (6/12; (16/28; (22/40; 2 regenerative nodules;
(n = 40) 50, 89) 13, 59) 21, 79) 37, 76) 39, 71) 2 dysplastic nodules;
1 adenoma;
1 nodular focal hyperplasia)
p* 1 0.553
LI-RADS 25 24 95 49 86 55 1 (1 with histology:
HBA (6/25; (18/19; (18/37; (6/7; (24/44; 1 dysplastic nodule)
(n =44) 9, 45) 74, 32, 66) 42, 39, 70)
100) 100)
LI-RADS 25 44 79 52 73 59 4 (2 with histology:
sub HBA (11/25; (15/19; (15/29; (11/15; (26/44; 2 dysplastic nodules)
(n = 44) 24, 65) 54, 94) 33,71) 45, 92) 43, 74)
p* 0.699 0.660
EASL ECA 22 59 72 59 72 65 5 (2 with histology:
(n = 40) (13/22; (13/18; (13/22; (13/18; (26/40; 2 regenerative nodules)
36, 79) 47, 90) 36, 79) 47, 90) 48, 79)
EASL sub 22 68 39 50 58 55 11 (6 with histology:
ECA (12/22; (7/18; (7/14; (15/26; (22/40; 2 regenerative nodules;
(n =40) 45, 86) 17, 64) 23,77) 37,77) 39, 71) 2 dysplastic nodules;
1 focal nodular hyperplasia;
1 adenoma)
p* 1 0.553
EASL HBA 25 16 100 48 100 52 0
(n = 44) (4/25; (19/19; | (19/40; | (4/4; (23/44;
5, 36) 82, 32, 64) 40, 37, 68)
100) 100)
EASL sub 25 40 79 50 71 57 4 (2 with histology:
HBA (10/25; (15/19; (15/30; (10/14; (25/44; 2 dysplastic nodules)
(n =44) 21, 61) 54, 94) 31, 69) 42,92) 41, 72)
p* 0.682 0.553
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KLCA-NCC 25 68 58 58 68 64 8 (6 with histology:
HBA (17/25; (11/19; (11/19; (17/25; (28/44; 3 dysplastic nodules;
(n = 44) 47, 85) 34, 80) 34, 80) 47, 85) 48, 78) 1 adenoma;

2 regenerative nodules)
KLCA-NCC 25 84 37 64 64 64 12 (7 with histology:
HBA sub (21/25; (7/19; (7/11; (21/33; (28/44; 4 dysplastic nodules;
(n = 44) 64, 96) 16, 61) 31, 89) 45, 80) 48, 78) 1 adenoma;

2 regenerative nodules)
p* 0.963 0.660
APASL HBA | 25 64 63 57 70 64 7 (5 with histology:
(n = 44) (16/25; (12/19; (12/21; (16/23; (28/44; 3 dysplastic nodules;

43, 82) 38, 84) 34, 78) 47, 87) 48, 78) 1 adenoma;

1 regenerative nodule)
APASL HBA | 25 84 37 64 64 64 12 (7 with histology:
sub (21/25; (7/19; (7/11; (21/33; (28/44; 4 dysplastic nodules;
(n = 44) 64, 96) 16, 62) 31, 89) 45, 80) 48, 78) 1 adenoma;

2 regenerative nodules)
p* 0.785 0.582

ECA: extracellular contrast agent; HBA: hepatobiliary contrast agent; HCC: hepatocellular carcinoma; sub:

subtraction

Se: sensitivity; Spe: specificity; NPV: negative predictive value; PPV: positive predictive value: DA:

diagnostic accuracy

Data are presented in % (proportion, 95% CI).

* Without subtraction vs. with subtraction using Fisher tests adjusted with Holm correction for multiple

testing.

Post-arterial phase corresponds to portal venous phase, delayed phase, transitional phase and hepatobiliary

phase.
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Figure 2. 46-year-old man with alcoholic cirrhosis. A and E. Unenhanced T1-weighted MR image

in the axial plane shows spontaneously hyperintense nodule in segment II (arrow). B and F. T1-
weighted MR image at arterial phase after intra-venous injection of extracellular contrast agent shows
arterial phase hyperenhancement on subtraction. C. Portal venous and D. Delayed phase shows iso
signal. G and H. Subtracted T1-weighted MR images at portal venous (G) and delayed (H) phases show
washout. I. T1-weighted MR image at arterial phase after intra-venous injection of hepatobiliary
contrast agent shows arterial phase hyperenhancement on subtraction. J, K and L. Subtracted T1-
weighted MR image after intra-venous contrast show washout at portal venous (J) and transitional (K)
and hepatobiliary (L) phases. The lesion was classified LIRADS 3 and non-hepatocellular carcinoma
according to EASL v2018 without subtraction and LIRADS 5 and hepatocellular carcinoma according to

EASL v2018 with subtraction. The final diagnosis in histology was inflammatory adenoma.
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Figure 3. 49-year-old man with ethylic cirrhosis and prior history of hepatocellular

carcinoma. A. Unenhanced T1-weighted MR image in the axial plane shows spontaneously
hyperintense nodule in segment V. B. T1-weighted MR image at arterial phase after intra-venous
contrast of hepatobiliary contrast agent shows subtle arterial phase hyperenhancement on subtraction
images. C. T1-weighted MR image at portal venous phase shows a slight hyperintensity. D. Subtracted
T1-weighted MR image at portal venous phase shows both capsule and washout. E. T1-weighted MR
image at transitional phase shows possible slight hyposignal. F. Subtracted T1-weighted MR image at
transitional phase shows capsule again. The lesion was classified LIRADS 4 and non-hepatocellular
carcinoma according to EASL v2018 without subtraction and LIRADS 5 and HCC using subtraction. The

final diagnosis (histology) was hepatocellular carcinoma.
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DISCUSSION AND CONCLUSION

This study shows that using subtraction on post-arterial phase images decreases the specificity
of MRI for the non-invasive diagnosis of HCC in spontaneously hyperintense nodules on T1-
weighted images developed on cirrhosis. When using the LI-RADS v2018, the specificity
decreased from 67% to 33% with ECA-MRI and from 95% to 79% with HBA-MRI. This marked
decrease was primarily due to the depiction of more non-peripheral washout in non-HCC
lesions (e.g., dysplastic nodules, adenoma) with subtraction images (Figure 2).

Our results suggest that subtraction images on post-arterial phases in the subset of HCCs do
not represent added value. Indeed, the rate of washout depiction was not modified by
subtraction imaging, suggesting that native images are sufficient. The use of subtraction on
PVP for the non-invasive diagnosis of HCC with HBA-MRI has been evaluated in a prior study
by Chung et al. [18]. The authors suggested that image subtraction on portal venous phase
may upgrade the LI-RADS categories because of its superior ability to depict an enhancing
capsule and its incremental benefit in showing washout. The inclusion of different populations
of tumors can explain this discrepancy with our results. While we focused on spontaneously
hyperintense nodules on T1-weighted images, only five out of 120 included HCCs in the study
by Chung et al. displayed hyperintensity on T1-weighted images. Notably, the results of both
studies are consistent concerning the depiction of an enhancing capsule. However, the number
of LI-RADS category upgrades in our study remained low (from LR-4 to LR-5 for two HCCs,
Figure 3) because of the limited value of the enhancing capsule, as suggested by Cannella et
al. [19].

Arterial subtraction images have been shown to significantly improve the sensitivity of early-
stage HCC diagnosis without a significant decrease in specificity [13,20,21], thus justifying its
endorsement by the main guidelines, especially the LI-RADS [2,3]. One may therefore wonder

why similar results are not replicated with the washout. As already mentioned, the definition
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of imaging features is purely visual [22]. Several studies have consistently shown that the
inter-reader agreement is better for APHE than for washout [23,24]. One part of an explanation
may be the difference in contrast between the liver and the tumors in different phases. Using
a quantitative approach, Liu et al. showed that the difference in attenuation between hepatic
tumors (both HCC and non-HCC) and the liver was significantly higher in the arterial phase
compared to the portal venous or delayed phases [25]. This was confirmed by Kloeckner et al.
[26] and Pfeiffer et al. [27]. One may therefore hypothesize that the marked difference in
attenuation on arterial phase due to tumor neoangiogenesis is accurately captured by
subtraction imaging. Conversely, minimal differences in attenuation on portal venous or
delayed phases that may not be visually identified as washout per se may be artificially
increased by the image subtraction process. According to this perspective, subtraction images
on post-arterial phases would depict washout that may not necessarily reflect tumor
composition or structure but rather be a by-product of image post-processing.

One further explanation is the existence of motion artifacts due to the movements of the liver
between the different breath-hold acquisitions. The quality of subtraction images is therefore
related to the size of the lesions and is reduced in tumors smaller than 2 cm [9]. This may be
improved by using registration methods on PVP, DP/TP or HBP images, or by the recent
development of free-breathing T1 imaging, with acquisition performed in one continuous run
with golden-angle radial sparse parallel, leading to artifact-free images [28].

Our study comes with certain limitations. First, while the data are derived from prospective
studies, the current study is retrospective. Second, we focused on nodules hyperintense on
T1-weighted images, limiting the study population to 46. This was intentional, as subtraction
imaging on the arterial phase is recommenced in these nodules only. The extent to which a
broader application of subtraction images may be beneficial remains to be analyzed in future

studies. Third, no manual or computer-guided registration was performed before subtraction.
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This may have decreased the image quality on a subset of tumors, but it represents a real-life
setting. Finally, the influence of several factors, such as location, heterogeneity or influence of
the presence of blood products, has not been evaluated.

In conclusion, the results of our study suggest that the use of subtraction images on
post-arterial phases (i.e., PVP, DP/TP and HBP) is not relevant for the non-invasive diagnosis
of HCC in spontaneously hyperintense nodules on T1-weighted images in patients with

cirrhosis.
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BIZEUL Jocelyn

Evaluation du lavage en IRM avec soustraction dans le diagnostic de carcinome
hépatocellulaire parmi les nodules en hypersignal T1 spontané chez les patients
cirrhotiques

Introduction : le but de cette étude était d'évaluer I'intérét de la soustraction sur les images des phases post-
artérielles (c'est-a-dire les phases veineuse portale, tardive/transitionnelle et hépatobiliaire) pour le diagnostic non
invasif du carcinome hépatocellulaire (CHC) parmi les nodules spontanément hyperintenses sur I'imagerie pondérée
en T1 chez les patients atteints de cirrhose.

Matériels et méthodes : quarante-cing patients présentant un total de 55 nodules hépatiques spontanément
hyperintenses sur les images pondérées en T1 ont été initialement retenus. Tous les patients ont subi une IRM
hépatique en utilisant un agent extracellulaire. La sensibilité et la spécificité de chaque nodule ont été évaluées a
I'aide du LI-RADS (Liver Imaging Reporting and Data System) au cours de deux séances de lecture réalisées
d'abord sans puis avec des images de soustraction sur les images en phase post-artérielle. Le gold standard final
a été défini par un algorithme précédemment publié combinant I'histologie, I'imagerie typique, I'alfa foetoprotéine
et le suivi.

Résultats : quarante-six nodules (26 CHC) chez 39 patients atteints de cirrhose ont été analysés. En utilisant le
LI-RADS, la sensibilité et la spécificité pour le diagnostic de CHC étaient de 64 % (IC 95 % : 41, 83) et 67 % (IC
95 % : 41, 87) sans images de soustraction ; et de 73 % (IC 95 % : 50, 89) (P = 1,000) et 33 % (IC 95 % : 13,
59) (P = 0,553) sur les images de soustraction utilisant un agent de contraste extracellulaire. Cinquante-cing pour
cent (22/40) des nodules présentaient un lavage sans soustraction et 70 % (28/40) sur les images de soustraction
obtenues avec un agent de contraste extracellulaire. Vingt nodules sur 40 (50%) ont été classés LI-RADS 5 sans
soustraction, et 28 nodules sur 40 (70%) avec soustraction.

Conclusion : ces résultats suggerent que I'utilisation d'images de soustraction sur les images de la phase post-
artérielle (c'est-a-dire PVP, DP/TP et HBP) n'est pas pertinente pour le diagnostic non invasif du CHC pour les
nodules spontanément hyperintenses sur les images pondérées en T1 chez les patients atteints de cirrhose
hépatique.

Mots-clés : Carcinome hépato-cellulaire, Imagerie par résonnance magnétique, Soustraction

Evaluation of washout using image subtraction for the diagnosis of hepatocellular
carcinoma in cirrhotic patients with native T1-hyperintense nodules

Purpose : the purpose of this study was to assess the value of subtraction on post-arterial phase images (i.e.,
portal venous, delayed/transitional and hepatobiliary phases) for the non-invasive diagnosis of hepatocellular
carcinoma (HCC) in spontaneously hyperintense nodules on T1-weighted imaging in patients with cirrhosis.

Materials and methods : forty-five patients with a total 55 hepatic nodules that were spontaneously hyperintense
on T1l-weighted images were initially retrieved. All patients underwent MRI examination of the liver using
extracellular agent. Each nodule was assessed for sensitivity and specificity using LI-RADS (Liver Imaging Reporting
and Data System) during two reading sessions performed first without then with subtraction images on post-
arterial phase images. The final gold standard was defined by a step-by-step algorithm previously published
combining histology, typical imaging, alfa fetoprotein and follow-up.

Results : Forty-six nodules (26 HCC) in 39 patients with cirrhosis were analyzed. Using LI-RADS, the sensitivity
and specificity for the diagnosis of HCC were 64% (95% CI: 41, 83) and 67% (95% CI: 41, 87) without subtraction
images; and 73% (95%CI: 50, 89) (P = 1.000) and 33% (95%CI: 13, 59) (P = 0.553) on subtraction images
using extracellular contrast agent. Fifty-five percent (22/40) of nodules displayed a washout without subtraction
and 70% (28/40) did so on subtraction images obtained with extracellular contrast agent. Twenty nodules out of
40 (50%) were classified LI-RADS 5 without subtraction, and 28 out of 40 nodules (70%) with subtraction.

Conclusion : These results suggest that the use of subtraction images on post-arterial phase images (i.e., PVP,
DP/TP and HBP) is not relevant for the non-invasive diagnosis of HCC for spontaneously hyperintense nodules on
T1-weighted images in patients with liver cirrhosis.

Keywords : Hepatocellular Carcinoma, Magnetic Resonance Imaging, Subtraction Technique

! FACULTE
I\.:IA DE SANTE

UNIVERSITE DANGERS



