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Abstract  

Background: In clinical practice, Transarterial Chemoem-
bolization (TACE) has been widely used for the treatment of  

Hepatocellular Carcinoma (HCC) beyond as well as within  
guideline recommendations. Computed Tomography (CT)  
and Magnetic Resonance Imaging (MRI) play critical roles  
for assessing treatment response of Hepatocellular Carcinoma  

(HCC) after locoregional therapy. Interpretation is challenging  

because post-treatment imaging findings depend on the type  
of treatment, magnitude of treatment response, time interval  

after treatment, and other factors.  

Aim of Study:  To illustrate the prime role of MRI in  
accurate assessment and early monitoring of hepatocellular  

carcinoma response to treatment after transarterial chemoem-
bolization.  

Patients and Methods:  This study included 80 patients,  
52 males and 28 females, patients ages ranged from 45 to 81  
years with the mean age of 60 years underwent transarterial  

chemoembolization over a period of 23 months (Jan. 2019- 
Dec. 2020). All patients had liver cirrhosis related to chronic  
viral hepatitis. MRI was conducted at MRI unit in a private  

radiology centre.  

Results:  Showed superior diagnostic performance of  

dynamic MRI compared to diffusion studies as dynamic MRI  

had a sensitivity of 90.9%, a specificity of 95.7%, PPV of  
93.7%, NPV of 93.7% and overall agreement of 94% compared  
to 100%, 65.2%, 68%, 100% and 80% respectively of diffusion  

weighted imaging. The difference between the malignant  

residual and well-ablated groups ADC variables was statisti-
cally significant p-value 0.006.  

Conclusion:  MRI is a robust tool in detection of tumour  
viability after TACE of hepatocellular carcinoma and should  
be performed at regular time intervals. Imaging protocol  
should include dynamic study combined with diffusion imag-
ing. DW MR imaging is a rapid promising technique for the  
non-invasive evaluation of tumor response after TACE par-
ticularly when contrast medium administration is contraindi- 
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cated. Dynamic study is the corner stone in detection of  

recurrent lesions.  
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Introduction  

HEPATOCELLULAR  Carcinoma (HCC) is the  
fifth most common malignancy in the world and  
the third most common cause of cancer death, with  

600,000 to 1 million new cases diagnosed each  
year [1] .  

Transarterial Chemoembolization (TACE) of  
Hepatocellular Carcinoma (HCC) is used in some  
cases as a bridge to liver transplantation. It is also  

used for patients with unresectable HCC, and has  

been shown to improve survival [2] .  

Early assessment of the effectiveness of TACE  
is critical in planning future therapy whether earlier  

treatment of residual viable portions of the tumor,  

delaying re-treatment in cases of good response to  

avoid unnecessary toxicity, or switching to a dif-
ferent local-regional therapy approach [3] .  

Although post-treatment follow-up is usually  

done with both computed tomography and Mag-
netic Resonance Imaging (MRI), MRI is found to  
be superior in detecting residual or recurrent tumors  

after treatment [4] .  

The advantages of MR imaging in the investi-
gation of liver disease includes the lack of ionizing  

radiation of MR imaging and the safety of gado-
linium chelates. Unlike iodinated contrast agents,  

gadolinium chelates are much less likely to result  
in major allergic reactions. Moreover, recent de-
velopments in MR imaging, including fast scanning  
techniques enable improved detection and charac- 
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terization of many liver lesions so that a definitive  
diagnosis can be made noninvasively. The present  
study aims to illustrate the growing role of MRI  
in accurate assessment and early monitoring of  

hepatocellular carcinoma response to treatment  

after transarterial chemoembolization [5] .  

Patients and Methods  

This retrospective study was performed on 80  
cases of HCC who underwent hepatocellular car-
cinoma over a period of 23 months (Jan. 2019- 
December 2020). The study was conducted in the  

Radiology Department at a private Radiology  

Center. The patients' ages ranged between 45 to  

81 years (mean age 60); 52 patients were males  

and 28 patients were females. Most of the patients  

had liver cirrhosis related to chronic viral hepatitis.  

Inclusion criteria:  

Patients included in the study were those pa-
tients who were candidates for radiofrequency  

ablation & already underwent the procedure: Both  

sexes are included. No age group predilection.  

Exclusion criteria:  
Patients with MRI incompatible devices such  

as cardiac pacemaker, metallic valves, hearing aids  

or aneurismal clips. Patients with high serum cre-
atinine (above 1.4mg%), for fear of contrast induced  

nephrogenic systemic fibrosis.  

All cases had been subjected to:  Full clinical  
assessment, revision of the patient's laboratory  

investigations including renal function tests (blood  
urea and serum creatinine), revision of the radio-
logical investigations previously done for the pa-
tients, patients were scheduled to undergo MRI  
within 1 to 3 months after TACE. In case of absent  

evidence of residual/recurrent lesions, follow-up  

arranged to be after 2 to 3 months from the first  

MRI, positive cases were scheduled to repeat the  

locoregional therapy.  

MRI protocol:  
45 cases were performed using Philips 3 Tesla  

MRI scanner (Ingenia) and the other 35 cases were  

performed using Philips open 1 Tesla MRI scanner  

(Panorama HFO).  

A- Pre-contrast imaging:  

I- Coronal ultrafast spin-echo sequence (single  

breath-hold), which serves as a localizer and pro-
vides an overview of the anatomy.  

II- Conventional MR sequences and parameters  
protocol were done as shown in (Table 1).  

Table (1): Conventional MRI sequences and parameters.  

• Axial T1 turbo field echo (TFE) 14 10 6.9 4.6 300-350 15 15 7mm  

• Axial T2 turbo spin echo (TSE) 1000 1000 80 80 300-350 90 90 7mm  

• Axial T2 spectral attenuated inversion 1000 1000 80 80 300-350 90 90 7mm  

recovery (SPAIR)  

B- Diffusion study:  

Diffusion MR imaging was performed before  
the dynamic study using respiratory triggered fat-
suppressed single-shot spin echo echoplanar se-
quence that combined the two diffusion (motion-
probing) gradients before and after the 180º pulse.  

The acquisition parameters for 1 Tesla machines  
were: TR 2270msec, TE 78msec, matrix 100 X 83  

with a field of view as small as possible, slice  
thickness 10mm, slice gap 1-2mm, scan time 4- 
5min. We used b values of 0, 400 and 800s/mm2 .  
The acquisition parameters for 1.5 Tesla machines  

were: TR 1700msec, TE 76msec, matrix 120 X 95  

with a field of view as small as possible, slice  
thickness 10mm, slice gap 1-2mm, scan time 3- 
4min. We used b-values of 0, 500 and 1000s/mm2 .  

Quantitative diffusion analysis (ADC measure-
ment):  

ADC maps were generated on the workstation.  

Calculation of the ADC value is an automated  
process available on the workstation. The ROI  

included the entire embolized area. In case of focal  
hyperintensity within or at the margins of the  
embolized lesion; its ADC value was calculated.  
The ADC was measured three times and the three  

measurements were averaged.  

C- Dynamic study:  
Dynamic study was performed after manual  

bolus injection of 0.1mmol/kg body weight of Gd-
DTPA. Dynamic imaging using 3D fat-suppressed  

T1-weighted gradient echo sequence (THRIVE i.e.  
T1 high resolution isotropic volume examination).  
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A dynamic series consisted of one pre contrast  
series followed by four successive post contrast  

series including early arterial, late arterial, and  

portal phases with 19-21 seconds intervals (17  

seconds for image acquisition with breath-holding  
and 2-4 seconds for re-breathing) this is followed  

by 5-min delayed phase imaging. All patients were  

imaged in end expiration to limit the risk of image  
misregistration. Acquisition parameters for open  

1 Tesla machine were TR 3.3msec., TE 1.6msec.,  

flip angle 10º, matrix size, 136 X 108, field of  
view 300-350mm and slice thickness 2-3mm. Ac-
quisition parameters for 1.5 Tesla machines were  
TR 4.4msec., TE 2.1msec., flip angle 10º, matrix  

size, 172 X 163, field of view 300-350mm and  
slice thickness 2-3mm.  

Dynamic study analysis:  
Arterial phase enhancement:  That should be  

confirmed by the subtraction images (to prove that  
the high signal in the arterial phase is due to en-
hancement and not due to the original pre-contrast  

high T1 signal). Contrast wash out: Decrease in  

the enhancement on delayed phase imaging com-
pared with early phase imaging.  

MR images were analyzed for the following:  

The morphological features of each lesion were  
recorded included size, border, signal characteristics  

at T1, T2 and fat saturated signal characteristics.  
Pattern of enhancement in the dynamic & subtracted  

images. Signal intensity on diffusion images with  

ADC values.  

Analysis of the MR images:  

Images were sent to the workstation (Phillips  

Extended MR Workspace) for further image  

processing. The morphological features of each  
lesion were recorded including size, border and  
signal intensity at T1, T2 and SPAIR images.  

Assessment for the presence of complications,  
residual or recurrent tumor viability.  

Statistical analysis:  
Computer software package SPSS version 15  

was used in the analysis. For quantitative variables,  

mean (as a measure of central tendency), standard  

deviation (as measures of variability) were present-
ed. Frequency and percentages were presented for  

qualitative variables. Chi-Square test was used to  

estimate differences in qualitative variables. A  
ROC (Receiver Operating Characteristic) curve  

was constructed and the area below the ROC curve  

was used to represent prediction precision. p-value  
less or equal to 0.05 was considered significant  

and less than 0.01 was considered highly significant.  

Results  

80 patients were enrolled in this study, 52 were  

males (65%) and 28 were females (35%). Age of  
these patients ranged from 45 to 81 years (mean  

age: 60). We classified the patients into two groups:  
Resolved (benign) group: No MRI signs of residual  

or recurrent viability at the treated lesion (regardless  

the presence of other lesions). Unresolved (malig-
nant) group: If there is evidence of residual or  

recurrent viability.  

46 patients (57.5%) have resolved lesions while  

34 patients (42.5%) have residual or recurrent  

lesions. The size of chemoembolized lesions ranged  

from (1.5 to 6cm) the mean and standard deviation  

for benign group (2.8 ± 1.70) cm while malignant  
(3.52± 1.30) cm. In benign group; 2 (4.3%) was  
low, 6 (13%) was isointense, 21 (45.6%) was high  
and 17 (39.9%) was heterogenous signal on T1 WI  

while 21 (45.6%) was low, 3 (19.5%) was isoin-
tense, 5 (10.8%) was high and 17 (39.9%) was  
heterogenous signal on T2 WI series.  

In malignant group; 17 (50%) was low, 7  
(20.5%) was isointense, 2 (2.9%) was high and 8  

(23.5%) was heterogenous on T1 WI series while  

2 (5.8%) was low, 4 (11.7%) was isointense, 20  
(58.8%) was high and 8 (23.5%) was heterogenous  
on T2 WI series.  

The border of benign conditions and malignant  

residuals were classified into smooth, irregular  

and nodular, 39 patients (84.7%) of benign group  

were smooth compared to 17 (50%) of malignant  
group while 4 (8.6%) patients of benign group  
were nodular as compared to 11 (32.3%) patients  
of malignant group while 6 patients of both benign  
and malignant groups were irregular (13%) &  

(17.6%) respectively.  

Dynamic study interpretation:  

Malignant group: Arterial phase enhancement  
that should be confirmed by the subtraction images  
to prove that the high signal in the arterial phase  
is due to enhancement and not due to the original  
pre-contrast high T1 signal) with washout of the  

contrast in the delayed phase. Benign group: Sug-
gested when no appreciable, progressive or persist-
ent enhancement was detected on dynamic images.  
Upon correlation of the dynamic findings to final  
diagnoses, 3 cases were found to be false negative  
(3.75%), 2 cases were false positive (2.5%), 45  
were true negative (56.25%) and 30 were true  

positive (37.5%) shown in (Table 2).  
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Based on the previous findings, dynamic MRI  

had a sensitivity of 90.9%, specificity of 95.7%,  

positive predictive value of 93.7%, negative pre-
dictive value of 93.7% and overall agreement of  

94%. Regarding two false positive results, noted  

perilesional early arterial enhancement with wash  

out on delayed phase and becoming isointense to  

surrounding liver was observed. So, it was misdi-
agnosed as a residual tumor. Yet, on repeated  

angiography, no blush was detected. Follow-up  
CT after 3 months was free. Upon reviewing the  

MRI of the patient, the arterially enhancing area  

was isointense on delayed phase of dynamic MRI  
besides no corresponding signal intensity changes  

were noted on T1, T2 and STIR weighted images  
and also showing facilitated diffusion; findings  

were in favour of chemoembolization induced  
inflammation and granulation tissue after local  

treatment.  

Regarding three false negative results related  

to inadequate breath hold by the patient led to  

motion artifact with subsequent misinterpretation  

of the perilesional residual lesion as benign reactive  

change. On follow-up study, the suspected region  

increased in size denoting residual tumoral viability.  

Diffusion MRI study interpretation:  

Viable tumor or malignant group showing re-
stricted diffusion manifested by sustained high  

signal on diffusion proper and low signal on ADC  
map images while benign group showing low signal  
or mild high signal in diffusion proper and high  

signal on ADC map images (shine through effect).  
Upon correlation of the diffusion MRI findings to  
final diagnoses, 16 cases were false positive (20%),  
30 were true negative (37.5%), 34 were true positive  
(42.5%) and no false negative result seen and that  

shown in the following (Table 3).  

Based on the previous findings, diffusion MRI  
had a sensitivity of 100%, a specificity of 65.2%,  
a positive predictive value of 68%, and a negative  

predictive value of 100% and overall agreement  

of 80%. The sensitivity, specificity, PPV & NPV  

as well as overall agreement for both dynamic and  

diffusion MRI were calculated and shown in the  
following (Table 4).  

Therefore, addition of DWI to the conventional  

MR images improves the sensitivity, but decreased  

the specificity and PPV as it increases the false  

positive cases.  

Fig. (1): 65 years old male patient with liver cirrhosis underwent TACE of left hepatic lobe segment IVa focal lesion. The  

patient underwent dynamic MRI with diffusion study one month after chemoembolization. (A, B & C) axial T1, T2 & SPAIR  

WI one month after the embolization showing treated (segment IVa) lesion displaying low T1 and high T2 and SPAIR signal.  

(D) Diffusion WIs and (E) ADC map at the same level display diffusion restriction with low ADC value. (F, G, H & I) dynamic  

post contrast arterial, arterial subtraction, portal and delayed images showing early arterial enhancement with rapid washout  

of the contrast on the portal & delayed phases of the study denoting residual tumoral activity (arrows).  
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Fig. (2): 57-Year-old female patient with liver cirrhosis underwent TACE of right hepatic lobe segment VIII focal lesion.  

The patient underwent dynamic MRI with diffusion study 1 & 3 months after the chemoembolization. (A, B & C) axial T1, T2  

& SPAIR WI 1 month after the embolization showing treated segment VIII focal lesion presenting high T1, T2 and SPAIR  

signal. (D) Diffusion WIs and (E) ADC map at the same level show no significant diffusion restriction. (F, G, H & I) dynamic  

post contrast arterial, arterial subtraction, portal and delayed images showing no significant post contrast enhancement on the  

different phases of the study denoting successful embolization (arrows). Marginal delayed enhancing rim noted denoting  

granulation tissue.  

Fig. (3): (Follow-up 3 months after intervention): (A, B & C) axial T1, T2 & SPAIR WI showing segment VIII focal lesion  

currently displaying high T1, intermediate to low T2 and SPAIR signal. (D) Diffusion WIs and (E) ADC map at the same level  

still show no significant diffusion restriction. (F, G, H & I) dynamic post contrast arterial, arterial subtraction, portal and delayed  

images still showing no significant post contrast enhancement on the different phases of the study denoting successful embolization  

(arrows). Still noted marginal delayed enhancing rim denoting granulation tissue.  
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Table (2): Correlating dynamic MRI results to the final  

diagnosis in the studied group.  

Dynamic results Number of lesions Percentage %  

False negative 3 3.75%  
False positive 2 2.5%  
True negative 45 56.2%  
True positive 30 37.5%  

Total 80 100%  

Table (3): Correlating diffusion MRI results to the final  

diagnosis in the studied group.  

Diffusion results Number of lesions Percentage %  

False negative 0 0%  
False positive 16 20%  
True negative 30 37.5%  
True positive 34 42.5%  

Total 80 100%  

Table (4): Different indices of dynamic and diffusion MRI.  

Items Dynamic MRI Diffusion MRI  

Sensitivity 90.9% 100%  
Specificity 95.7% 65.2%  
PPV 93.7% 68%  
NPV 93.7% 100%  
Overall agreement 94% 80%  

Discussion  

Assessment of tumor response to trans-arterial  

chemoembolization of hepatocellular carcinoma  
patients is the corner stone in the management as  

early favorable response generally indicates effec-
tiveness of therapy, and may result in significant  

survival benefit. Early identification of treatment  

failure is also critical in patient management, since  

a repeat treatment cycle can be performed before  

disease progression occurs. Among the 80 patients  
included in our study, 25 patient (32% of lesions)  

displayed heterogeneous signal intensity that makes  

assessment of HCC necrosis after TACE depending  

only on signal intensity of the pre-contrast sequenc-
es a conflict issue. We agreed with Vossen et al.,  

[5]  who stated that in addition to residual tumor,  

T2 hyperintensity can represent liquefactive necro-
sis, hemorrhage, or inflammatory reaction. In our  

study five lesions (10%) of the benign group dem-
onstrated high T2 signal intensity. Braga et al., [6]  
stated that dynamic MRI for unsuccessful TACE  

treatment shows focal enhanced regions after con-
trast administration admixed within necrotic re-
gions. However, the perilesional hypervascularity  
detected by dynamic MRI is not specific only for  

the recurrent lesions but also occur in benign  
conditions as a result of chemoembolization in-
duced inflammation, granulation tissue or other  

non tumorous arterioportal shunts [7] .  

Yu et al., [8]  stated that benign conditions would  
show a perilesional rind-like contour and hyperin-
tensity on delayed phase images and could be  
distinguished from a more nodular contour and  

washout of contrast material in residual lesions.  
In our study, we had relatively lower sensitivity  
of dynamic MRI compared to other studies done  

by Yu et al., [8]  and Goshima et al., [9]  as we had  
three cases in which in-appropriate breath holding  
led to motion artifact with subsequent false negative  

interpretation by the viewer. We also had two false  
positive cases due to misinterpretation of a perile-
sional post interventional reactive changes.  

Geschwind et al., [10]  reported that viable tumor  
cells have intact membranes restrict water diffusion  
in contrast to necrotic tumors which have increased  

water diffusion due to cell membrane disruption.  

The ADC reflects the intra and extracellular motion  

of water molecules in biological tissue and thus  

supplies information about the tumor microenvi-
ronment.  

Hayashida et al., [11]  and DeVries et al., [12]  
demonstrated that diffusion-weighted imaging has  

been used to differentiate between viable and  

necrotic tumor tissues and to monitor the effect of  

several treatment options. Buijs et al., [13]  and  
Vossen et al., [5]  confirmed that individuals with  
HCC who responded to chemoembolization treat-
ment reveled a significant increase in the ADC  
values after therapy.  

In our study, the difference between ADC var-
iables between the malignant and benign groups  
were statistically significant p-value 0.006. The  
best cut off that maximizes sensitivity and specif-
icity is 1.05 X 10

–3
mm

2
/s. At this ADC value, the  

sensitivity is 0.95 and specificity is 0.41. We par-
tially agreed with the studied done by Yu et al.,  

[8]  and Goshima et al., [9] , who stated that DW-
MRI is not a reliable predictor of local HCC recur-
rence after TACE as compared with gadolinium-
enhanced MR imaging.  

In the study of Yu et al., [8] , DWI increased the  
sensitivity for determining perilesional tumor re-
currence according to the increased confidence  

level for the sustaining hyperintensity with increas-
ing b factors. However, the number of false posi-
tives increased by adding DWI. Although, the  

decreased specificity compromised the increased  
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sensitivity achieved by adding DWI and there is  
a decrease in the overall diagnostic accuracy.  

In our study, we also found that diffusion MRI  
increased the sensitivity of local HCC detection  
on the expense of examination specificity due to  

increased false positives.  

Yu et al., [8]  stated that hypercellularity inter-
mingled with a fibrotic component in the inflam-
matory granulation tissue originated from perile-
sional parenchymal insults could restrict water  

diffusion, resulting in sustaining hyperintensity on  

DWI leading to increase in false positive findings.  

In our study, 16 false positive cases out of 80  
patients were misdiagnosed on diffusion-weighted  

imaging. When we reviewed the corresponding  
pattern of diffusion restriction, 76.4% of true  

positive cases exhibited focal peripheral nodular  
restriction, meanwhile 62.5% of the false positive  
cases exhibited intra-lesional heterogenous restric-
tion. So, we considered that the increase in false  

positive findings in our study is likely arising from  
intra-lesional hemorrhage or liquefactive necrosis.  

In the studies of Holtas et al., [14]  and Tung et al.,  
[15] , sterile liquefactive necrosis and intra-cavitary  

microhaemorrhage are accepted to be the cause of  

hyperintensity in diffusion-weighted MR images  
of post therapeutic necrosis of malignant lesions.  

Our results are matching with those of Yu et  
al., [8]  and Goshima et al., [9]  showing dynamic  
contrast enhanced MRI to be superior to diffusion  

weighted MRI in evaluating HCC response to  
treatment as dynamic MRI had a sensitivity of  
90.9%, a specificity of 95.7%, a positive predictive  
value of 93.7%, a negative predictive value of  
93.7% and overall agreement of 94% compared to  

100%, 65.2%, 68%, 100% and 80% respectively  
of diffusion weighted imaging.  

According to Thoeny et al., [16] , diffusion  
weighted MRI has some advantages compared to  
dynamic MRI. First, contrast medium administra-
tion is not required, and the examination is obtained  

in a relatively short time. Second, the technique is  

easy to be repeated, allowing close follow-up  

during and after tumor treatment. Also, image post-
processing is less time-consuming compared to  

dynamic contrast enhanced MR imaging. At last,  
diffusion-weighted MR imaging allows easy eval-
uation of the whole tumor especially being bene-
ficial in cases of inhomogeneity that may occur  
within tumors.  

In our study, we had some diagnostic limita-
tions. First, it was difficult to obtain pathologic  

confirmation in patients who underwent chemoem-
bolization because all of these patients were not  

subjected to surgery. Second, lesions included in  
our study were larger than 1 cm in diameter, and  

few lesions were located at the hepatic dome. The  

formentioned factors could cause selection bias  

leading to increased sensitivity of diffusion weight-
ed images since hepatic lesions close to the dia-
phragm pose a challenge to DW-MRI evaluation  
as they are more sensitive to motion and suscepti-
bility artifacts.  

Conclusion:  

MRI play a pivotal role in assessment tumor  

response after trans-arterial chemoembolization of  
hepatocellular carcinoma patients and imaging  

protocol must include both diffusion and dynamic  

MRI imaging series DW MR imaging is a rapid  
promising technique for the non-invasive evaluation  
of tumor response after TACE particularly when  

contrast medium administration is contraindicated.  

Dynamic study is the corner stone in detection of  

recurrent lesions.  
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