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Abstract

Background: Volumetric analysis is a novel radiological technique used in the measurement of target lesions in
three dimensions in order to estimate the lesion’s volume. Recently, it has been used for evaluation of the
remaining liver volume after partial hepatectomy and also for evaluation of the response of tumours to treatment.
It has been proven to be more accurate than the standard one or two-dimensional measurements, and it is
especially useful for the evaluation of complex tumours after radiological interventional methods when the use of
standard methods is limited. In the current study, our aim was to evaluate the value of the three-dimensional (3D)
volumetric method “Response Evaluation Criteria in Solid Tumours (VRECIST)” and to compare it with the non-
three-dimensional methods (RECIST) and modified RECIST (mRECIST) in the assessment of the therapeutic response
of hepatocellular carcinoma (HCC) after transarterial chemoembolization (TACE).

Results: A retrospective study was conducted on 50 patients with confirmed radiological or pathological diagnosis
of hepatocellular carcinoma (HCC) who underwent TACE as the only interventional procedure and follwed up by
triphasic CT 1 and 4 months after treatment. The study revealed a significant difference between mRECIST and
VRECIST in the assessment of the therapeutic response of HCC after TACE, a weak agreement was found between
both methods in the detection of complete response (CR), partial response (PR), stable disease (SD) or progressive
disease (PD). Also, there was no significant agreement between mRECIST and vRECIST regarding the assessment by
classifying the patients into responders or nonresponders.

Conclusion: Volumetric analysis is an effective method for measuring the HCC lesions and evaluating its response
to locoregional treatment with a significant difference between vRECIST and mRECIST in the assessment of
therapeutic response, which in turn help the interventional radiologist to decide the future treatments and change
the therapeutic plans. Based on these results, we recommend vRECIST to be an essential part of the assessment of
therapeutic response after locoregional therapy.
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Background

Hepatocellular carcinoma (HCC) is the commonest pri-
mary liver malignancy, second leading cause of cancer-
related mortality and the fifth most common cancer in
men and the seventh in women with over half a million
cases diagnosed worldwide every year. Chronic viral hepa-
titis due to hepatitis B virus (HBV) or hepatitis C virus
(HCV) accounts for the majority of HCC cases [1, 2].

Transplantation and resection remain the only poten-
tially curative options; however, many patients present
with either unresectable tumours or comorbidities elim-
inating these surgical treatment choices [3, 4].

Among the different staging systems for HCC, many
have adopted the Barcelona Clinic Liver Cancer (BCLC)
staging classification which recommends a treatment
strategy according to the stage of the disease [5]. In most
patients with intermediate or advanced stage of the dis-
ease, locoregional procedures like transarterial chemoem-
bolization (TACE) could be the best therapeutic option.
Proper radiological evaluation of the treatment response
after TACE is crucial for further therapeutic decisions and
plays a fundamental role in further management plans [6].

The Response Evaluation Criteria in Solid Tu-
mours (RECIST) was introduced to assess the re-
sponse of tumours to systemic chemotherapy by
measurement of the tumour size. However, consid-
ering the fact that locoregional therapies induce
tumour infarction and tissue necrosis without early
changes in the size of the lesion is considered a
main limitation to this method of assessment [2].

This deficiency in the RECIST system prompted the
development of more suitable approaches for assessment
of tumour response to therapy. The European Associ-
ation for Study of the Liver (EASL) were then intro-
duced and depends on measurement of the size of the
viable enhancing tumour only in bidimensional method
and hence reflecting the extent of tumour necrosis in-
duced by the treatment procedure. More recently, modi-
fied Response Evaluation Criteria in Solid Tumours
(mRECIST) criteria were introduced for further im-
provement of the EASL guidelines. mRECIST differs
from EASL in just the measurement of the viable com-
ponent should be done in the single long axis of the le-
sion [6].

The current one- and two-dimensional methods are
limited by high inter and intra observer variability. The
advent of new automated and semiautomated tumour
segmentation methods has contributed to the shift away
from one- and two-dimensional methods toward 3D
quantitative image analysis [6].

The aim of our study was to compare the 2D methods
(RECIST, mRECIST) with 3D quantitative method of the
index tumour as a more accurate tool for evaluation of
the response of HCC after TACE.
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Methods

A retrospective study was conducted on 50 patients with
confirmed diagnosis of hepatocellular carcinoma (HCC)
who underwent TACE as the only interventional proced-
ure which was done in the interventional unit, of the radi-
ology department at our insitution; 47 patients were
males, and 3 were females. The age ranges between 50
and 74 years with mean age of 61.68 years.

Inclusion criteria

The diagnosis of HCC was confirmed either histologi-
cally (by biopsy) or radiologically by the typical radio-
logical features of HCC including two of the major
features (arterial enhancment, delayed wash out and en-
hancing capsule). All patients were Child-Pugh A to B
and BCLC class B.

Exclusion criteria

Patients excluded from this study included those with
contraindications to the contrast medium, pregnancy,
Child-Pugh score > B, patients with contraindications
to hepatic embolization procedures (e.g. coagulopa-
thy), patients with history of other malignant disease
and patients who underwent other therpautic
procedures.

An informed consent was obtained from all partici-
pants in this study before the TACE procedure. The
study was approved by the local ethical committee. Priv-
acy of all patient's data was strictly guaranteed.

From June 2017 to December 2017, 50 patients
underwent intra-arterial therapy for hepatocellular
carcinoma with either conventional TACE or TACE
with drug-eluting beads. The follow-up CT was per-
formed after 1 and 4 months. Images are transferred
to the workstation (Vitrea Workstation, Toshiba) for
image processing and volumetric analysis. The re-
sponse of the index tumour on post TACE contrast-
enhanced CT (Siemensl6; Bayer Pharma AG,
Germany) was assessed by two expericned radiologists
in abdominal imaging with 20 and 15 years experince
by comparing pre and post TACE CT images.

Treatment response was assessed on arterial phase im-
ages by using RECIST, mRECIST and volumetric RECI
ST methods. The percentage of tumour change (TC)
was calculated using the equation:

(Mpost-Mpre)
Mpre

TC = x 100

where Mpre is the baseline tumour measurement be-
fore TACE and Mpost is the measurement at the post
TACE CT imaging.

Patients were then classified into responders or nonre-
sponders based on the percentage of TC. According to
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RECIST and mRECIST systems, a decrease by 30% or
more was considered “responder”, while less than 30%
tumour change was classified as “nonresponder”. There
are no specific published guidelines for volumetric
tumour response criteria, so we followed previous stud-
ies and used the same cutoff values of RECIST and
mRECIST for the VRECIST system in order to simplify
the response assessment. Using the formula V = 4/3mr?,
where V is the volume, r is the radius, and m is the
mathematical constant representing the ratio of a circle’s
circumference to its diameter, the decrease of 65% in
tumour volume is corresponding to a decrease of 30% in
unidimensional methods (RECIST and mRECIST) [6].

Image processing

The number and location of the lesions were evaluated.
Then using the axial plane, we draw the tumour con-
tour, starting the process by the head or upper part of
the lesion and end in the most caudal part. We mea-
sured the total volume of the lesion and also the volume
of viable parts detected as arterially enhancing areas, and
we measure the ratio viable/nonviable parts as a factor
of response to the treatment. The software processes all
the obtained cuts and represents the tumour in 3D
method. The procedure took between 20 and 30 min.

Imaging analysis for quantification of the tumour necrosis
and reduction of the tumour’s size

Tumour response by CT was evaluated on all patients 1
and 4 months after treatment, and the response of the

Table 1 Therapeutic response criteria
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Response  RECIST for mRECIST for HCC  vRECIST for HCC
HCC

Complete  Disappearance  Disappearance of Disappearance of

response of all target any intra-tumoural  any intra-tumoural

(CR) lesions arterial enhance- arterial enhance-
ment in all target ment in all target
lesions lesions

Partial At least 30% At least 30% At least 65%

response decrease in the decrease in the decrease in the

(PR) diameter of the diameter of viable  volume of the

whole lesion component enhancing
measured in the component
arterial phase of the measured in the
study arterial phase of
the study

Stable Cases not fulfilling the criteria of partial response or

disease progressive disease

(SD)

Progressive  Increase the Increase the Increase of at least

disease diameters of diameters of the 20% in the volume

(PD) target lesion by enhancing of the viable

at least 20%

component only by
at least 20%

(enhancing)
component of the
target lesions
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Table 2 Measurements of lesions by mRECIST & VRECIST both
before and after TACE and percentage of tumour change

Mean Standard

Median Minimum Maximum

deviation
Pre mRECIST 536 3.06 4.80 1.50 13.60
Post 398 262 332 00 11.80
mRECIST
% (Tc) 28 25 25 — 35- 1.00
mRECIST
Pre vRECIST 96.76 14167 52.90 2.90 570.00
Post VRECIST 9756 14346 5340 290 593.00
Viable post 3456 5379 13.25 .00 292.00
VRECIST
% (Tc) 66 24 69 — 24- 1.00
VRECIST

tumour to treatment was categorized into four groups:
complete response, partial response, stable disease, and
progressive disease. Patients with complete and partial
responses are corresponding to “responder group” while
patients with stable and progressive disease are consid-
ered “nonresponders”. The cut-off values were deter-
mined by the extrapolation of RECIST—the
extrapolation of the diameter of the lesion to the volume
of lesion of a regular spherical shape, according the cri-
teria in Table 1.

Statistical analysis

A statistical package software (SPSS) v.24 was used for
data analysis. Chi-squared test was used for comparison
of the different categorical data. Exact test was used if
the expected frequency is < 5. Kappa measure of agree-
ment was calculated to test agreement between methods
[7]. Spearman correlation coefficient was used for

Table 3 Classification of lesions according to their response
whether CR, PR, SD or PD

Count Percentage
mRECIST CR 3 6.0%
PR [ 22.0%
SD 35 70.0%
PD 1 2.0%
Responder 14 28.0%
Nonresponder 36 72.0%
VRECIST CR 3 6.0%
PR 35 70.0%
SD 1 22.0%
PD 1 2.0%
Responder 38 76.0%
Nonresponder 12 24.0%
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correlation between the different quantitative variables
with P value < 0.05 considered statistically significant.

Results

Both modified RECIST and volumetric RECIST methods
of measurements were applied for each HCC lesion be-
fore and after TACE, then percentage of tumour change
(TC) was calculated (Table 2). Then the lesions were
classified according to their therapeutic response either:
completer response (CR), partial response (PR), station-
ary disease (SD) and progressive disease (PD) following
the criteria described previously in Table 1, and whether
responder or nonresponder where CR and PR are con-
sidered responder and SD and PD are considered
nonresponder.

According to the mRECIST method, there were 3
cases showing complete response (CR), 11 cases with
partial response (PR), 35 cases with stationary disease
(SD) and 1 case with progressive disease (PD), with
overall 14 cases responders and 36 nonresponders.
While assessment of the therapeutic response accord-
ing to the VRECIST method revealed 3 cases with
complete response (CR), 35 cases with partial re-
sponse (PR), 11 cases with stationary disease (SD) and
1 case with progressive disease (PD), with overall 38
cases responders and 12 nonresponders (Table 3).

By statistical analysis of the abovementioned findings,
there is a weak agreement between both methods mRE-
CIST and VvRECIST regarding assessment of the thera-
peutic response whether CR, PR, SD or PD (Table 4)
(Figs. 1, 2, 3 and 4).

On the other hand, there's no significant agreement
between mRECIST and vRECIST regarding assessment
of the therapeutic response whether responders or non-
responders (Table 5).

Accordingly, there's significant difference between
mRECIST and vRECIST in the assessment of the thera-
peutic response whether responders or non-responders
(P < 0.001).
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Discussion

Transcatheter arterial chemoembolization (TACE) is
the optimal treatment option for patients with inter-
mediate stage HCC according to the BCLC staging
system. The aim of palliative treatment options is to
improve the survival without greatly impairing the
quality of life [8]. The goal of imaging biomarkers
used in the assessment of the tumour response is to
early identify the nonresponder patients in order to
allow for potential changes in therapeutic plans [6].

Our study showed a significant statistical difference
between mRECIST and vRECIST in the assessment of
therapeutic response after intra arterial therapy of HCC
whether responders or non-responders. It is also noted
that many lesions were diagnosed as stable disease (non-
responders) by mRECIST are classified as partial re-
sponse (responders) by vRECIST which has a great
impact on therapeutic planning and further management
of the patients.

Several approaches used for the assessment of tumour re-
sponse to treatment include RECIST, mRECIST and more
recently VRECIST. RECIST and mRECIST are widely used
methods but have some limitations when applied to TACE.
In their current form, RECIST and mRECIST methods
analyze the residual tumour only in the axial plane which
gives numerous drawbacks as they are not accurate in le-
sions with inhomogeneous enhancement, asymmetric re-
gression and multiple tumours [9, 10].

TACE may result in heterogenous tumour necrosis,
and as a result, the change in tumour enhancement and
tumour size may become heterogeneous and this could
be explained by the fact that tumours are fed by multiple
arteries that are not typically treated equally. This makes
some limitation to the mRECIST method of tumour re-
sponse assessment [11].

A large retrospective study done by Tacher et al. [6]
was done to assess the HCC response after TACE using
the uni and bidimensional (RECIST, mRECIST and
EASL) versus quantitative three-dimensional methods
(qEASL and vRECIST). The study was performed over

Table 4 Relation between mRECIST and vRECIST methods in assessment of the therapeutic response whether CR, PR, SD or PD

mRECIST
SD PR PD CR
Count Percentage Count Percentage Count Percentage Count Percentage
VRECIST SD 10 28.6% 1 9.1% 0 0% 0 0%
PR 25 714% 10 90.9% 0 0% 0 0%
PD 0 0% 0 0% 1 100.0% 0 0%
CR 0 0% 0 0% 0 0% 3 100.0%
Measure of agreement Kappa P value

244 001
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assessed by 3D images

Fig. 1 A 66-year-old male with hepatitis C cirrhosis complicated by development of right lobe HCC. Child Pugh Score: A. BCLB: B. A Pre-TACE
axial arterial phase image showing measurement of the lesion according to RECIST, B pre-TACE axial arterial phase image showing measurement
of the lesion according to mRECIST and C pre-TACE axial arterial phase image showing measurement of the lesion according to vRECIST. D
VRECIST 3D image showing the lesion’s volume, E post-TACE images showing lesion’s measurement according to RECIST, F measurement
according to mRECIST by measuring the diameter of the enhancing component only, G volumetric assessment of the viable component only, H
3D image showing the volume of the viable component, | vVRECIST of the whole lesion post TACE, and J 3D image of the whole lesion’s volume.
According to mRECIST, the lesion shows stable disease (non-responder) (< 30% decrease in the diameter of viable component), while according
to VRECIST, the lesion shows partial response (responder) (> 65% decrease in the diameter of viable enhancing component). This could be
explained by the heterogeneity of the lesion which makes it difficult to measure a single diameter of the enhancing component which is better

Region Volume (ml) Average HU &
FOCAL2 77.17 128.2 +/- 109.4

290 confirmed HCC cases that underwent TACE, and in
line with our findings, they found a significant statistical
difference between the responders and nonresponders
group when using the three-dimensional-based criteria;
on the other hand, no statically significant difference

was found between responders and nonresponders
groups when using the bidimensional methods. They
concluded that 3D methods are the criteria of choice to
predict patient survival after TACE as they clearly iden-
tify the nonresponders. This agrees with our findings.
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A

V75 NA

diameter of viable enhancing component)

Fig. 2 A 56-year-old male with hepatitis C cirrhosis complicated by development of right lobe HCC. Child Pugh Score: A. BCLB: B. A Pre-TACE
axial arterial phase image showing measurement of the lesion according to RECIST, B pre-TACE axial arterial phase image showing measurement
of the lesion according to mRECIST and C pre-TACE axial arterial phase image showing measurement of the lesion according to vRECIST, D
VRECIST 3D image showing the lesion’s volume, E post-TACE images showing lesion’s measurement according to RECIST, F measurement
according to mRECIST by measuring the diameter of the enhancing component only detected along the lateral margins of the lesion, G
volumetric assessment of the viable component only, H 3D image showing the volume of the viable component, I vRECIST of the whole lesion
post TACE, and J 3D image of the whole lesion’s volume. According to mRECIST, the lesion shows partial response (responder) (> 30% decrease
in the diameter of viable component), and also according to VRECIST, the lesion shows partial response (responder) (> 65% decrease in the

Average HU
3.8 +/- 296.3

A recent study done by Moawad et al. [12] was
conducted over 42 HCC cases, and the tumour re-
sponse assessment was done using the manual volu-
metric RECIST (M-vRECIST), automated volumetric
RECIST (A-vRECIST) and the mRECIST criteria.
They compared the diameter changes determined
through the different methods. The correlation

between tumour diameter measurement changes by
mRECIST and M-VRECIST revealed a statistically sig-
nificant difference between both methods (P < 0.001),
and this goes in line with our results. Furthermore,
they compared the M-vRECIST and A-vRECIST and
found strong linear correlation between the two
approaches.
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enhancing component)

Fig. 3 A 67-year-old male with hepatitis C cirrhosis complicated by development of left lobe HCC. Child Pugh Score: A. BCLB: B. A Pre-TACE axial
arterial phase image showing measurement of the lesion according to RECIST, B pre-TACE axial arterial phase image showing measurement of
the lesion according to mRECIST and C pre-TACE axial arterial phase image showing measurement of the lesion according to vRECIST, D vRECIST
3D image showing the lesion’s volume, E post-TACE images showing lesion’s measurement according to RECIST, F measurement according to
mRECIST by measuring the diameter of the enhancing component only during the arterial phase, G volumetric assessment of the viable
component only, H 3D image showing the volume of the viable component, I vRECIST of the whole lesion post-TACE, and J 3D image of the
whole lesion’s volume. According to mRECIST, the lesion shows stable disease (nonresponder) (< 30% decrease in the diameter of viable
component), while according to VRECIST, the lesion shows partial response (responder) (> 65% decrease in the diameter of viable

Region Volume (ml) Mean HU -
FOCAL 9.60 59.5 +/- 14 é

Region Volume {ml) Mean HU

VIABLE 3.10 104.7 +/- 47.4

n  Volume (ml) Mean HU
6.44 7

F
VIABLE 3.10
Total 9.54

Welsh et al. [13] performed a study over 17 patients
with HCC who underwent liver transplantation. The
tumour size and volume were assessed by the RECIST
and the volumetric methods, then gross pathologic mea-
surements after hepatectomy were analyzed for tumour
volumes. They found that RECIST was significantly
overestimated the tumour volume by an average of 28%,

while volumetric methods of tumour volume measure-
ment was similar to gross pathologic volume.

The assessment of therapeutic response of infiltrative
type of HCC is challenging due to its indistinct borders.
Previous studies showed high correlation between the
volumetric measurement and the pathological tumour
volume. Such studies demonstrate the superiority of
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Fig. 4 A 67-year-old male with hepatitis C cirrhosis complicated by development of right lobe HCC. Child Pugh Score: B, BCLB: B. A Pre-TACE
axial arterial phase image showing measurement of the lesion according to RECIST, B pre-TACE axial arterial phase image showing measurement
of the lesion according to mRECIST and C pre-TACE axial arterial phase image showing measurement of the lesion according to vRECIST, D
VRECIST 3D image showing the lesion’s volume, E post-TACE images showing lesion’s measurement according to RECIST, F measurement
according to mRECIST by measuring the diameter of the enhancing component only, G volumetric assessment of the viable component only, H
3D image showing the volume of the viable component, I vRECIST of the whole lesion post-TACE, J 3D image of the whole lesion’s volume.
According to mRECIST, the lesion shows stable disease (nonresponder) (< 30% decrease in the diameter of viable component) while according to
VRECIST, the lesion shows partial response (responder) (> 65% decrease in the diameter of viable enhancing component)

Volume (ml) Mean HU [
555.13 49.2 +/- 18.7 "]

Region Volume {(ml) Mean HU X
viable 98.06 55.2 +/-16.3

Region Volume (ml) Mean HU
2 4

7.9 +/-19.2
552 +/- 16.3

focal 464 .24
viable 98.06
Total 562.30

volumetric assessment in estimation of the real tumour
volume, which is more important during assessment of
treatment response [13, 14].

Lencioni et al. [15] recommends 3D volumetric ana-
lysis to be a priority in future researches. Volumetric
analysis of the tumour represents the entire volume of
viable portion of the tumour rather than measurement
in a single axial slice, and hence, VRECIST reduced the

subjectivity of 2D methods; however, such method takes
a longer time for assessment which is the major draw-
back for volumetric analysis of the tumours.

Volumetric measurement is also able to depict tumour
size changes earlier than conventional 2D methods
which is crucial in patients’ follow-up. It has already
been demonstrated that histopathologic tumour re-
sponse correlates better with tumour volume than with
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Table 5 Relation between mRECIST and vRECIST methods in assessment of the therapeutic response whether responders or non-

responders.

Response mRECIST

Responder Non responder
Count Percentage Count Percentage
Response VRECIST Responder 13 92.9% 25 69.4%
Nonresponder 1 7.1% 11 30.6%
Measure of agreement Kappa P value
154 140

axial measurements. Varzaneh et al. [16] performed a
retrospective study on 173 HCC lesions that underwent
TACE and liver transplantation done for 53 patients.
They found that Volumetric post-TACE CT may accur-
ately predict tumour necrosis in treated HCC lesions
and well correlated with pathological findings detected
after liver transplantation. They found the Mean pre-
dicted tumour necrosis in the liver transplant group was
77.6%, while at pathology was 78.7% with a statistically
significant correlation between radiologically predicted
tumour necrosis and pathological necrosis (r = 0.871, p
< 0.001).

Another study by Chapiro et al. [17] conducted on 17
patients with HCC who underwent TACE before surgery
and followed up by 3D volumetric segmentation of tar-
get lesions by MR examination before orthotopic liver
transplantation or surgical resection, and they found a
very good agreement between radiologically predicted
liver volume and that detected pathologically after
surgery.

In line with our findings, Budjan et al. [18] performed
a study over 22 HCC patients who underwent TACE
and assessed by both VRECIST and mECIST pre- and
post-TACE by MRI, and they found lower variability
and overlap errors in measuring the entire tumour vol-
ume than by measuring the enhancing components.

The study has some limitations. It was a retrospective
analysis with inherited limitations to such study design.
This study involved selected patients with certain criteria
which did not include some common lesions such as in-
filtrative HCC with portal vein thrombosis. Therefore,
further researches including higher number of cases and
variable types of tumours that underwent different
therapeutic procedures are recommended. The main
limitation of the VERCIST method is that it is a time-
consuming technique which needs more time for volu-
metric measurement and image processing.

Conclusion

Volumetric analysis is an effective method for measuring
the HCC lesions and evaluating its response to locore-
gional treatment with a significant difference between

VRECIST and mRECIST in the assessment of therapeutic
response, which in turn help the interventional radiolo-
gist to decide the future treatments and change the
therapeutic plans. Based on these results, we recommend
VRECIST to be an essential part of the assessment of
therapeutic response after locoregional therapy.
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