
Introduction
Hepatocellular carcinoma (HCC) is 
one of the most common malignan-
cies worldwide and is associated with 
a very low survival rate [1]. Because 
the majority of HCC lesions are diag-
nosed at an advanced stage, few 
patients qualify for surgical resection 
or liver transplantation [2]. Loco-
regional treatment methods, most 
commonly transarterial chemoembo-
lization (TACE), are considered the 
standard of care in patients with unre-
sectable HCC [3, 4]. Response to treat-
ment is often assessed using cross-
sectional imaging. Current guidelines 
include EASL (European Association 
for the Study of Liver Disease) and 
modified RECIST (Response Evaluation 
Criteria in Solid Tumors). Both metrics 
rely on the measurement of viable 
tumor burden in a single axial plane 
[5, 6]. However, assessment of a single 
axial slice can be misleading and may 
have low reproducibility. Furthermore, 
residual enhancement assessed by 
contrast-enhanced MRI or CT can be 
difficult to evaluate owing to the pres-
ence of changes in signal intensity 
(hyperintensity on unenhanced 
T1-weighted images) related to a com-
bination of iodized oil injection and 
hemorrhagic necrosis. 

Several recent publications have high-
lighted the advantage of volumetric 
assessment of tumor anatomy and 
function as a method of response 
assessment. Functional volumetric 
assessment of diffusion-weighted MRI 
(DWI) using apparent diffusion coeffi-
cient (ADC) maps and post-contrast-
enhancement MRI have been success-
fully applied in the brain and liver 
[7, 8]. Using a prototype software 
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Overview of MR 
OncoTreat. First patient 
DICOM data is loaded. 
The pre-treatment data 
is loaded into the 
window outlined in 
blue, while the 
follow-up MRI data is 
loaded into the window 
outlined in orange. 
After loading patient 
data an automatic data 
classification is done 
after loading which 
classifies data into six 
categories: T1W, T2W, 
DWI, ADC, DIFF and 
OTHER based on the 
protocol settings stored 
in the DICOM header. 
These settings can be 
manually overwritten.
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(MR Oncotreat*; Fig.1) developed by 
Siemens Corporation; Corporate Tech-
nology, USA and Siemens Healthcare, 
Erlangen, Germany we have published 
several recent manuscripts that out-
line the feasibility of a volumetric, 
functional assessment of treatment 
response in patients with primary  

and metastatic liver cancer [8-13]. 
This case report outlines the func-
tional, volumetric analysis of response 
to TACE in a patient with HCC.

* Work in progress: The product is still under 
development and not commercially available 
yet. Its future availability cannot be ensured.
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Patient history
The patient is a 61-year-old male with 
a history of hepatitis B, liver cirrhosis, 
and hepatocellular carcinoma. After 
diagnosis of a large lesion in the liver 
(14 cm in diameter) on CT imaging, 
he underwent one session of hepatic 
artery chemoembolization to the right 
lobe of the liver. MR imaging was per-
formed one day before TACE to more 
accurately assess the lesion. Follow-up 
MRI was done one month after TACE.

Sequence details
All images have been acquired on 
a 1.5T MAGNETOM Avanto (Siemens 
Healthcare, Erlangen, Germany). 
The patient underwent our standard-
ized clinical imaging protocol. Which 
included breath-hold diffusion-
weighted echo planar images (matrix, 
128 ×128; slice thickness 8 mm; 
 interslice gap, 2 mm; b-value, 0 s/mm2, 
750 s/mm2; repetition time (TR) 
3000 ms; echo time (TE) 69 ms; 
received bandwidth 64 kHz) as well 
as breath-hold unenhanced and con-
trast-enhanced (0.1 mmol/kg intra-
venous gadobenate dimeglumine; 
 Multihance; Bracco Diagnostics,  
Princeton, NJ, USA) T1-weighted 
three-dimensional fat suppressed 
spoiled gradient-echo images  
(field-of-view 320– 400 mm; matrix 
192 ×160; slice thickness 2.5 mm; 
TR 5.77 ms; TE 2.77 ms; received 
bandwidth 64 kHz; flip angle 10°) in 
the hepatic arterial phase (AE) (20 s), 
and portal venous phase (VE) (70 s). 

Volumetric functional 
MRI response
Image analysis was performed by 
an MRI researcher (S.B.) with 8 years 
experience in MR imaging using pro-
prietary, non-FDA approved software, 
MR OncoTreat (Siemens Healthcare, 
Erlangen, Germany). A single, treated 
HCC index lesion was selected as the 
representative index lesion for the 
patient. Figure 2 shows the arterial 
phase images of the lesion (arrow) 
before treatment. Figure 3 shows the 
same lesion after treatment.

Lesion segmentation is shown in 
 figure 4 (pre-treatment) and figure 5 

Arterial phase images of a liver with a large heterogeneously enhancing HCC 
lesion (arrows) of the same patient after loco-regional therapy.
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Arterial phase images of a liver with a large heterogeneously enhancing HCC 
lesion (arrows) in a 61-year-old male with a history of hepatitis B before loco-
regional therapy.
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Segmentation of the HCC lesion before treatment performed 
using seed placement and ‘Random Walker’, a semi-automatic  
3D segmentation technique.

4 Segmentation of the HCC lesion after treatment 
performed using seed placement and ‘Random 
Walker’, a semi-automatic 3D segmentation technique. 
No co-registration of the HCC lesion was performed 
due to the change in size and structure.
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Comparison of the ADC values before and after TACE within the entire segmented tumor volume. The upper left window and the 
blue histogram show the heterogeneous distribution of ADC values before treatment, the upper right window and the orange 
histogram show the distribution of ADC values after treatment The window in the lower left shows an overlay of the pre- and post-
treatment ADC values and their distribution, allowing for easy visual assessment of treatment induced changes in ADC.
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Comparison of the 
arterial enhancement 
(AE) values before  
and after TACE within 
the entire segmented 
tumor volume. The 
upper left window and 
the blue histogram 
show the heteroge-
neous distribution of 
AE values before 
treatment, the upper 
right window and the 
orange histogram show 
the distribution of AE 
values after treatment 
The window in the 
lower left shows an 
overlay of the pre- and 
post-treatment AE 
values and their distri-
bution, allowing for 
easy visual assessment 
of treatment induced 
changes in AE.
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Comparison of the 
portal venous 
enhancement (VE) 
values before and after 
TACE within the entire 
segmented tumor 
volume. The upper left 
window and the blue 
histogram show the 
heterogeneous distri-
bution of VE values 
before treatment, the 
upper right window and 
the orange histogram 
show the distribution 
of VE values after 
treatment The window 
in the lower left shows 
an overlay of the pre- 
and post-treatment VE 
values and their distri-
bution, allowing for 
easy visual assessment 
of treatment induced 
changes in VE.
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1, blue histogram) compared to the 
post-treatment enhancement values 
(segment 2, orange histogram).

Again, for the assessment of 
response to treatment the percent 
change in volumetric tumor AE or VE 
at follow up compared with baseline 
values can be calculated using the 
formula {(Epost – Epre)/Epre} × 100, where 
Epre represents the mean baseline vol-
umetric enhancement value and Epost 
represents the mean 3–4 weeks follow 
up volumetric enhancement value. 

Diagnosis
Figures 4–8 show the large, hetero-
geneously enhancing HCC lesion 
before and after treatment. ADC 
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1.318 × 103 mm2/s, fig. 6). Enhance-
ment values in the hepatic arterial 
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a standard deviation of 79% and 
increased after treatment (26.09% 
to 122.52%, fig. 7), while portal 
venous enhancement was also highly 
variable (standard deviation of 72%) 
and showed a slight decrease after 
TACE (131.54% to 110.26%, fig. 8). 
Together these functional parameters 
indicate that the lesion did not 
respond to treatment. The patient 
subsequently underwent treatment 
with doxorubicin eluting micro-
spheres (DEB-TACE) which resulted 
in a more favorable outcome than 
the initial TACE.

Conclusion
The case shows how functional, volu-
metric analysis of MR imaging data 
using MR Oncotreat can assist diag-
nostic and interventional radiologist 
in the assessment of treatment 
response and planning of follow-up 
treatment. 
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