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Abstract 

Background: To evaluate the additional utility of apparent 
diffusion coefficient measurement to the treatment response al-
gorithm of the Liver Imaging Reporting and Data System ver-
sion 2018. 

Aim of Study: For the purpose of assessing therapeutic re-
sponse following locoregional hepatocellular carcinoma treatment. 

Material and Methods: 110 patients with previously treat-
ed HCC who underwent liver magnetic resonance imaging 
(MRI) were included in this retrospective analysis. According 
to the LR-TR grading system, treated hepatocellular carcinomas 
were divided into 3 groups: LR-TR nonviable, LR-TR equivo-
cal, and LR-TR viable. Two blinded reviewers independently 
determined the ADCmean measures of the treated lesions. 

Results: According to both observers, the ADC mean values 
for viable HCC were 1.04±0.18 and 1.026±0.17 x 10-3mm

2
/s, 

non-viable HCC was 1.48±0.19 and 1.47±0.19 x 10-3mm
2
/s, 

and equivocal HCC was 1.29±0.18 and 1.29±0.18 x 10-3mm
2
/s. 

With respect to viable HCC (r=0.93), non-viable HCC (r=0.805), 
and equivocal HCC (r=0.98), there was greatsimilarity between 
the two assessments. Both observers utilized the same ADC 
mean cut-off value of 1.355 and 1.251 x 10-3mm

2
/s with (AUC) 

of 0.8 and 0.92 to distinguish between viable and non-viable 
HCC. With an AUC of 0.853 and 0.87, the ADC mean cut-off 
values utilized to distinguish between viable and equivocal HCC 
were 1.206 and 1.1125 x 10-3 mm

2
/s, respectively. With AUC 

values of 0.82 and 0.76, the ADC mean cut-off values utilized to 
distinguish between non-viable and equivocal HCC were 1.426 
and 1.372 x 10-3mm

2
/s, respectively. 

Conclusions: The LI-RADS-v2018 TR algorithm may per-
form better and be used in clinical settings if ADC measure-
ment is included. 
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Introduction 

DUE to a variety of factors, including multifocali-
ty, impaired liver function, vascular infiltration, and 
extrahepatic tumor symptoms, the majority of hepa-
tocellular carcinoma diagnosed patients are unable 
to undergo immediate curative resection [1,2]. 

For patients who are ineligible for surgery or 
who need to be down staged before a liver trans-
plant, locoregional therapy (LRT) of HCC, which 
includes transarterial chemoembolization (TACE) 
and local ablative therapy like radiofrequency ab-
lation (RFA) or microwave ablation (MWA), is fre-
quently used [2-6]. 

List of Abbreviations: 

HCC : Hepatocellular carcinoma. 
LRT : Locoregional therapy. 
TACE : Transarterial chemoembolization. 
RFA : Radiofrequency ablation. 
MWA : Microwave ablation. 
CT : Computed tomography. 
MRI : Magnetic resonance imaging. 
DWI : Diffusion-weighted imaging. 
ADC : Apparent diffusion coefficient. 
LI-RADS : Liver Imaging Reporting and Data System. 
LR-TR : LI-RADS treatment response. 
mRECIST : Modified Response Evaluation Criteria in Solid Tumors. 
EASL : European Association for the Study of the Liver. 
APHE : Arterial phase hyperenhancement. 
AUC : Area under the curve. 
PI-RADS : Prostate Imaging Reporting and Data System. 
O-RADS : Ovarian-adnexal reporting and data system. 
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Evaluation of treatment response is essential for 
patient follow-up and future treatment decisions af-
ter LRT for HCC [7,8]. Major worldwide guidelines 
suggested dynamic contrast-enhanced computed to-
mography or (MRI) for the early diagnosis of resid-
ual or local tumor recurrence [5,6]. 

However, dynamic contrast enhanced MRI is 
still unable to distinguish between residual tumor 
and post-therapeutic inflammatory effects [6-9]. The 
development of diffusion-weighted imaging (DWI) 
made it easier to find both necrotic and remaining 
tissue [10]. Due to its significant inverse association 
with the degree of cellularity, apparent diffusion co-
efficient (ADC) enables quantitative evaluation of 
the diffusion magnitude of water molecules inside 
the interstitial space [11,12]. 

Following the requirement for a systematized 
method of image interpretation and reporting after 
LRT, the Liver Imaging Reporting and Data System 
(LI-RADS) created a treatment response algorithm 
in 2017 [7]. With the aid of post-treatment imaging 
features on contrast-enhanced CT or MRI scans, the 
LI-RADS treatment response (LR-TR) algorithm 
classified treated observations as either LR-TR via-
ble (probably or certainly viable), LR-TR equivocal 
(equivocally viable), or LR-TR nonviable [7]. 

Additionally, according to the modified Re-
sponse Evaluation Criteria in Solid Tumours (mRE-
CIST) and European Association for the Study of 
the Liver (EASL) criteria [7-9], arterial phase hyper-
enhancement (APHE) was the only feature of a vi-
able tumour. However, the LR-TR algorithm added 
new imaging features for the viability of HCC, in-
cluding appearance washing out and enhancement 
similar to pretreatment. This algorithm was validat-
ed by several studies [13-15]. The current LI-RADS 
treatment response algorithm bases its assessment 
of tumor activity mostly on APHE and washout fea-
tures, while T2 hyperintensity and diffusion limita-
tion are viewed as supplementary findings [7]. ADC 
is not, however, a part of this method. Therefore, the 
purpose of this study is for determination whether 
adding ADC measurement to LR-TR algorithm. 

Material and Methods 

Patient and inclusion criteria: 
Because the institutional review board approved 

this retrospective inquiry, informed consent was not 
necessary. From March 2021 to May 2022, 117 HCC 
patients who received either local ablative treatment 
or TACE were chosen. Patients who received con-
trast-enhanced dynamic MR imaging and liver DWI 
4 to 6 weeks following locoregional treatment met 
the inclusion criteria. We excluded 7 patients from 
the research because respiratory motion artefact re-
duced the picture quality, and we classified them as 
LR-TR non-evaluable (treated response not evalu-
able). The final cohort consequently included 110 
individuals (92 men and 18 women) with a mean  

age of 54 years (49-61 yrs) and 126 HCC lesions. 
The 126 HCC lesions that were included received 
either RFA (38/126; 30.2 percent), MWA (36/126; 
28.6%), or TACE utilizing lipiodol as an embolic 
agent (52/126; 41.2%). 

MR imaging technique: 
Dynamic contrast-enhanced and DWI MR ex-

ams were carried out on all patients at baseline 
and 4-6 wks following the first loco-regional ther-
apy using a 1.5 Tesla scanner ((Ingenia®, Philips 
Healthcare). T1-weighted imaging without contrast 
and T2-weighted imaging were obtained. Mul-
tiphasic postcontrast T1-weighted GRE sequence 
with the following acquisition settings: TR/TE 3.3-
4.5/1.4-1.9ms, flip angle 10°, number of excitations 
(NEX) 2, matrix size 172x135, field of view 300-
400mm, and slice thickness of 3-5mm after gado-
linium injection (0.5mmol/mL at a dose of 0.2mL/ 
kg of body). DWI was performed as single-shot 
echo-planar imaging using b-values of 0,100, 600 
and 1000 s/mm

2
. ADC maps were generated using 

a mono exponential fit of the acquired b-value data 
points. DWIacquisition parameters were as the fol-
lowing: TR/TE=1900-70ms, NEX=3, matrix=124 
x 120, slice thickness=5mm, slice gap=1-2mm and 
scan time=70sec. Images were moved to a separate 
workstation (Phillips Advantage windows worksta-
tion) that was outfitted with a commercially availa-
ble post-processing tool. 

MR imaging analysis: 
Two radiologists (GAS and BAE) with 8 and 12 

years of expertise in abdominal imaging, respec-
tively, independently evaluated each MR image. 

The classification of patients and evaluation of 
therapy response both utilised the LR-TR method 
[15,16]. Patients were thus divided into the following 
three major categories (after excluding lesions that 
could not be evaluated due to poor picture quality): 

1- LR-TR nonviable lesions are those that are “prob-
ably or definitely nonviable” in the absence of 
pathological enhancement or if enhancement is 
anticipated at the site of treatment. This category 
also includes lesions that are not apparent after 
treatment or don’t have any LR-TR viable traits. 

2- LR-TR equivocal lesions that are “equivocally 
viable”: If the enhancement pattern doesn’t meet 
the criteria for being likely benign or unques-
tionably viable. 

3- LR-TR viable lesions “probably or definitely vi-
able”: If the treated lesion has nodules, masses, 
or irregular thick tissue, as well as arterial en-
hancement or washout and/or enhancement that 
is comparable to that which existed prior to em-
bolisation. The treatment response approach still 
does not take ancillary characteristics support-
ing malignancy, such as T2 hyperintensity and 
restricted diffusion, into account. 
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To make sure that each reviewer evaluated the 
same lesion in instances with numerous observa-
tions, each HCC was individually analysed and re-
ported by its size as well as its segmental location. 

ADC maps were connected with T1WI, T2WI, 
and contrast enhanced T1WI for quantitative as-
sessment and ADC mean measurement, avoiding 
areas of haemorrhage and necrosis, as well as arte-
facts from chemical shift and magnetic susceptibil-
ity. Additionally, the lesion’s rim was not included, 
particularly after RFA or MWA. In order to compute 
the ADC, three circular regions of interest (ROIs) 
of 10mm

2 
 each were established over the suspect-

ed malignancy in viable and equivocal lesions, as 
well as over the whole ablation zones in nonviable 
lesions. The ADC mean values were then averaged. 

Reference standard: 
The dynamic MRI characteristics in accordance 

with LI-RADS treatment response v2018 were used 
as the reference standard [7]. 

Lesions classified as LR-TR viable or equivo-
cal were scheduled for retreatment, while follow-up 
was taken into account for nonviable and equivocal 
lesions. In our facility, tissue biopsy and pathologi-
cal confirmation were not frequently performed due 
to the technical complexity and patient resistance. 

Statistical analysis: 
The ADC value’s mean and standard devia-

tion were computed. With the Mann-Whitney test, 
continuous parametric variables were compared. 
A substantial difference was deemed to exist when 
p<0.05 was used. 

To gauge this, the intraclass correlation coeffi-
cient (ICC) was determined. Interrater reliability: 
Values below 0.5, below 0.75, between 0.75 and 
0.9, above 0.9 indicate low moderate, good and out-
standing reliability respectively [17]. 

The area under the curve (AUC) for the ADC of 
the 3 different categories of LI-RADS TR algorithm 
was computed after performing a receiver operat-
ing characteristic study. The SPSS programme was 
used to conduct all statistical analyses. 

Results 

Each observer examined 126 treated HCCs al-
together. The number of liver observations made 
by each of the two observers within each LR-TR 
category is shown in (Table 1). However, the exam-
ination of ADC measurements in the two observers 
assessments of various LR-TR categories was the 
main emphasis of this investigation. 

According to both observers’ respective mean 
ADC values, viable HCC was 1.04±0.18 and 
1.026±0.17 x 10-3mm

2
/s, non-viable HCC was 

1.48±0.19 and 1.47±0.19 x 10-3mm
2
/s, and equivo-

cal HCC was 1.29±0.18 and 1.29±0.18 x 10-3mm
2
/s 

(Figs. 1-3). With a p<0.0001, it was found that the 
mean ADC of viable HCC was considerably lower 
than that of non-viable HCC in both studies. Be-
tween the TACE, RFA, and MWA-Groups, there 
were no appreciable variations in the ADC values 
within the lesion. 

Both assessments for viable HCC and equivocal 
HCC had very high interrater reliability (r=0.93 and 
r=0.98). Non-viable HCC showed good interob-
server reliability (r=0.805). (Table 2). 

Both observers employed cutoff ADC values 
of <_1.355 and <_1.251 x 10-3mm

2
/s with (AUC) 

of 0.8 and 0.92 to distinguish between viable 
and non-viable HCC. With an AUC of 0.853 and 
0.87, the cutoff ADC utilized to distinguish be-
tween viable and equivocal HCC was <_1.206 and 
<_1.1125 x 10-3mm

2
/s. With an AUC of 0.82 and 

0.76, the cutoff ADC utilized to distinguish be-
tween non-viable and equivocal HCC was <_1.426 
and <_1.372 x 10-3mm

2
/s, respectively (Figs. 4-6). 

(Table 3). 

Table (1): Observations number made by each observer in each 
LI-RADS category. 

Observer 1 
N=126 (%) 

Observer 2 
N=126 (%) 

Viable 27 (21.4%) 30 (23.8%) 

Non-viable 96 (76.2%) 92 (73%) 

Equivocal 3 (2.4%) 4 (3.2%) 

Table (2): Intraclass correlation coefficient (ICC) categorize 
ADC (x 10-3 mm

2
/s) of LI-RADS treatment re-

sponse (LR-TR). 

Ob 1 Ob 2 ICC 

ADC viable 1.04±0.18 1.026±0.17 r=0.93 

(0.85-1.6) (0.84-1.59) p<0.001* 

ADC non-viable 1.48±0.19 1.47±0.19 r=0.805 

(0.91-1.82) (0.91-1.8) p<0.001* 

ADC equivocal 1.29±0.18 1.31±0.19 r=0.98 

(1.01-1.44) (1.22-1.5) p=0.003* 
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Table (3): Results of ROC considering both ADC measurements were utilized to distinguish between 
viable, non-viable, and equivocal HCC. 

Cutoff AUC Sensitivity Specificity Accuracy 

Viable vs. non-viable: 

1st observer 1.355 0.89 88.3 93.3 89.72 

2nd observer 1.251 0.92 92.9 90.0 91.59 

Viable vs. equivocal: 

1st observer 1.206 0.853 80.0 86.7 85.7 

2nd observer 1.1125 0.87 80.0 80.0 82.5 

Non-viable vs. equivocal: 

1st observer 1.426 0.82 74.0 80.0 74.4 

2nd observer 1.372 0.76 90.9 60.0 70.5 

Fig. (1): LR-TR Viable lesion in a 50-year-old man after both RF and TACE. 

A- Axial non-contract T1-WI revealed hypointense lesion in segment VII. 

B- Enhanced T1-WI arterial phase revealed diffuse mass-like enhancement of the lesion. 

C- Subtracted T1-WI confirmed the enhancement. 

D- Enhanced T1-WI delayed phase revealed washout and capsular enhancement. 

E- Fat-suppressed T2-WI revealed mild to moderate hyperintensity of the lesion. 

F, G- DWI (b = 800 s/mm
2
) and corresponding ADC map revealed restricted diffusion pattern. ADC values by both reviewers were 1.01 × 10-3 mm

2
/s 

and 1.05 × 10-3 mm
2

/s respectively. 
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Fig. (2): LR-TR Equivocal lesion in a 55-year-old man after TACE. 

A- Axial non-contract T1-WI revealed hypointense lesion in segment VII. 

B- Enhanced T1-WI arterial phase revealed irregular thick nodular enhancement of the lesion. 

C- Subtracted T1-WI confirmed the enhancement. 

D- Enhanced T1-WI delayed phase revealed no washout. 

E- Fat-suppressed T2-WI revealed mild to moderate hyperintensity of large part of treated lesion not corresponding to the enhancing part. 

F, G- DWI (b = 800 s/mm
2
) and corresponding ADC map revealed unrestricted diffusion pattern. ADC values by both reviewers were 1.18 × 10-3 

mm
2
/s and 1.21 × 10-3 mm

2
/s respectively. 

Fig. (3): LR-TR Nonviable lesion in a 47-year-old man after TACE. 

A- Axial non-contract T1-WI revealed hyperintense lesion in segment V. 

B- Enhanced T1-WI arterial phase revealed no significant enhancement of the lesion. 

C- Subtracted T1-WI confirmed the absence of enhancement. 

D- Enhanced T1-WI delayed phase revealed no washout. 

E- Fat-suppressed T2-WI revealed hypointensity of the lesion. 

F, G- DWI (b = 800 s/mm
2
) and corresponding ADC map revealed unrestricted diffusion pattern. ADC values by both reviewers were 1.31 × 10-3 

mm
2
/s and 1.33 × 10-3 mm

2
/s respectively. 
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ROC Curve ROC Curve ROC Curve 

Diagonal segments are produced by ties Diagonal segments are produced by ties Diagonal segments are produced by ties 

Fig. (4): ROC curve. Cutoff ADC value used to differentiate viable from nonviable HCC (A): Viable from equivocal HCC(B) and nonviable from 
equivocal HCC by both observers were ≤1.35 and ≤1.25 x 10-3mm2/s, ≤1.2 and ≤1.11 x 10-3mm2/s and ≤1.42 and ≤1.37 x 10-3mm2/s with 
area under curve (AUC) of 0.89 and 0.92, 0.85 and 0.87 and 0.82 and 0.76 respectively. 

Discussion 

Since it can boost the reader’s confidence and 
standardize the report terms, the LI-RADS TR al-
gorithm is now frequently used for evaluation the 
therapeutic response of HCC after various treat-
ment procedures. A recent study we conducted on 
the major imaging features of LI-RADS v2018 in-
dicated high inter-observer agreement for the major 
imaging features of LR-1, LR-2, LR-5, LR-M, and 
LR-TIV, as well as good interobserver agreement 
for LR-3 and LR-4 [14]. So, in the current study we 
focused only on the ADC analysis. 

In this retrospective investigation, we discov-
ered that the ADC values for both readings for vi-
able and equivocal HCC had strong interrater reli-
ability (r=0.93 and 0.98, respectively), with good 
reliability for non-viable HCC. 

According to both reviewers, the ADCmean 
threshold values for benign tissue changes in 
non-viable lesions were 1.35 × 10-3 mm

2
/s and 1.25 

× 10-3 mm
2
/s, respectively, and were significantly 

higher than the ADCmean for recurring or persis-
tent malignant tissue in live lesions. This may be ex-
plained by the benign post-ablation alterations, such 
as edema, hyperemia, and inflammatory changes, 
having lower cellularity than the malignant lesions 
[18]. Our findings corroborated those of Mahmoud 
et al. [19], who discovered that an ADC threshold 
value of 1.11 x-3 mm

2
/s can be used to distinguish 

between tumor viability and treatment-related spe-
cific benign parenchymal enhancement. 

ADC would be a trustworthy indication of tumor 
response following TACE, according to two recent 
meta-analyses that tested its usefulness in identify- 

ing residual or recurrent HCC after TACE [20,21]. 
Similar outcomes were observed in previous trials 
that examined the value of ADC in HCC patients 
receiving ablative radiation [22,23]. However, these 
investigations used mRECIST or EASL criteria to 
standardize the response evaluation. 

Prostate imaging reporting and data system (PI-
RADS)-v2 was shown to highlight the increased 
benefit of ADC measurement, and numerous pro-
spective and retrospective investigations have sup-
ported this finding [24,25]. It was also shown to be 
significant that ADC measurement was added to 
the recently published ovarian-adnexal reporting 
and data system (O-RADS). ADC and whole lesion 
ADC histogram measurements have been shown to 
be useful in separating low-to-intermediate risk and 
intermediate-to-high risk adnexal masses, which 
may potentially change the clinical management of 
patients when planning surgery, when added to the 
O-RADS MRI score 4 [26]. 

Another study found that by incorporating 
the ADCmean values, the diagnostic efficacy of 
O-RADS MRI scoring for adnexal lesions charac-
terization could be improved by decreasing false 
positives, increasing specificity, and preserving 
good sensitivity [27]. 

Our study has a number of drawbacks. First, be-
cause the study was retrospective in nature, a se-
lection bias was unavoidably present. Second, there 
is no long-term follow-up of our patients following 
LRT, and this study is a single-center investigation 
on patients receiving various locoregional therapy. 
It is advised to do more extensive prospective inves-
tigations. The absence of pathological association is 
also regarded as a significant drawback of the study. 
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This is related to clinical practice, where a biopsy 
is not always necessary; nonetheless, our goal was 
to reduce the biopsy rates to be performed only for 
chosen cases that could not be resolved by imaging. 

Conclusions: 
Quantitative DWI analysis involving ROI ADC 

measurement could be beneficial if it is included in 
LI-RADS v2018 treatment response algorithm of 
HCC. When planning surgery, this might improve 
how patients are managed clinically. It is advised to 
standardize the DW MRI methodology and conduct 
prospective validation studies. 
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