
Abstract. Background/Aim: The optimal imaging test for
delineation of the gross tumor volume (GTV) in hepatocellular
carcinoma has not been defined. The hypothesis is that magnetic
resonance imaging (MRI) allows for better visualization of the
extent of tumor and will optimize the accuracy of tumor
delineation for liver stereotactic radiotherapy compared with
computed tomography (CT) only. We evaluated the interobserver
agreement in GTV of hepatocellular carcinoma in a multicenter
panel and compared MRI and CT in GTV delineation. Materials
and Methods: After the institutional review boards approved the
study, we analyzed anonymous CT and MRI obtained from five
patients with hepatocellular carcinoma. Eight radiation
oncologists at our center used CT and MRI to delineate five
GTVs of liver tumors. In both CT and MRI, the GTV volumes
were compared. Results: The median GTV volume on MRI was

2.4 cm3 (range=0.59-15.6 cm3) compared to 3.5 cm3

(range=0.52-24.9 cm3) on CT (p=0.36). The GTV volume as
defined on MRI was larger or at least as large as the GTV
volume on CT in two cases. Variance and standard deviation
between observers in CT and MRI were minor (6 vs. 7.87 cm3,
and 2.5 vs. 2.8 cm3 respectively). Conclusion: In cases with well-
defined tumors, CT is easier and reproducible. In cases with no
defined tumor in CT, other tools are needed and MRI can be
complementary. The interobserver variability in target delineation
of hepatocellular carcinoma in this study is noteworthy.

The definition of the gross tumor volume (GTV) or macroscopic
tumor in hepatocellular carcinoma sometimes requires the use of
magnetic resonance imaging (MRI) complementary to planning
computed tomography (CT), which can improve the precision in
tumor delineation (1). There are publications that try to resolve
the most important doubts in the delineation of hepatocellular
carcinoma, but there is still no consensus (2, 3). The absence of
consensus on the best imaging test to use to define treatment
volumes in hepatic tumors requires studies to clarify this issue.
Therefore, an observational study was designed to analyze the
interobserver variability in CT and MRI of hepatocellular
carcinoma. 

Materials and Methods
The study was approved by the center’s Ethics Committee (no.
227/17). For this purpose, we compared the tumor size in the volume
delineated in each of the imaging tests used, analyzed the usefulness
and ease of use of CT and MRI in the delineation, and finally
determined the best imaging test for the delineation of tumor volumes.
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The patients included in the study were patients over 18 years of
age, with a diagnosis of hepatocellular carcinoma, and with
available triphasic CT and MRI performed in their diagnostic
process within routine clinical practice. The images were obtained
by an Aquileon® multislice helical CT (64 slices) (Toshiba, Tokyo,
Japan), and with an Achieva® 1.5 Tesla MRI (Philips Healthcare,
Amsterdam, the Netherlands). All images were transferred from the
Picture Archiving and Communication System to the Pinnacle3
planning system (Philips Healthcare) and anonymized. 

Eight radiation oncologists participated in the study. The
oncologists were blinded to each other’s defined contours. The
specialists had the patient’s medical history and the
corresponding radiological report of each test to assist them in
the delineation of the GTVs. The documentation provided
included a hepatic scheme by segments indicating the segment
where the lesion was located. The CT and MRI were merged in
the Pinnacle3 planning system (Philips Healthcare). The window
level was not preset, and the oncologist was able to adjust the
width and the window level in the planner, being advised to use
the abdomen window. Craniocaudal and coronal reconstructions
were available in the planner. Delineation of organs at risk was
not performed. 

Statistical analysis. The GTV volumes (in cm3) of the delineated
contours in each patient in each of the imaging tests were
calculated by determining the maximum volume, minimum
volume, median volume, variance and standard deviation. The
difference between the delineated volumes in each imaging test was
analyzed for each of the lesions. The overlap ratio was defined as
the proportion of overlapping volume in the delineations made by
the different observers. A perfect agreement between the two GTVs
is indicated by a value of 1. The ratio was 0 when at least one of
the oncologists had contoured at a location with no overlap with
the others.

To establish the ideal test in each of the cases, the index of
variability obtained in each of the tests was assessed by calculating
the variance and standard deviation, the overlap ratio and the
correlation coefficient.

A qualitative analysis was included by means of a questionnaire
showing the difficulties expressed by the radiation oncologists in
tumor delineation. Those statements in which the specialists
agreed on ≥80% of the answers were taken into account, and the
questions that reached this level were considered to represent
consensus.

Results 

We included five males with radiological or histological
diagnosis of hepatocellular carcinoma. The mean age of the
patients was 64.8 years (range=55-78 years). The location of
the liver tumors was: segment II in two lesions,  segment IV
in one, segment V in one, and segment VI lesion in one. 

The median volume in CT and MRI of each patient, their
difference and the percentage variation between radiation
oncologists were analyzed. The median GTV volume on MRI
was 2.4 cm3 (range=0.59-15.6 cm3), compared to 3.5 cm3
(range=0.52-24.9 cm3) on CT (p=0.36). The GTV as defined

on CT was larger or at least as large as the GTV on MRI in
two cases. Variance and standard deviation between observers
in CT and MRI were minor (6 vs. 7.87 cm3, and 2.5 vs. 2.8
cm3, respectively).

Differences between CT and MRI greater than 20% were
found in three patients (Table I). The largest difference
between median volumes from the different tests was seen
in patient 2, where the contours were at disparate sites, with
a 37.3% difference between volumes delineated by CT and
MRI. In patient 3, there was a difference in volumes of
35.1% between oncologists in CT versus MRI (Table II). The
lowest variance was observed for patient 1, despite their
having a small tumor. Of note, patient 5, with previous
transcatheter arterial chemoembolization (TACE) and
remaining tumor was well defined by all oncologists, with
low variance in CT (Figure 1, showing contouring of tumor
in patient 5). 

The overlap ratio between the different observers in each
imaging test was calculated (Table II). For all patients there
was a lower overlap ratio with CT. For patient 3, there was
no overlap for either of the imaging modalities used. The
overlap ratio was low for patients 1 and 4 in CT. With these
results, we analyzed the possible causes of the greater
differences between the oncologists. In the CT of patients
2 and 4, poor contrast uptake of the lesion was observed.
In case 3, an oncologist identified as tumor an anfractuous
and heterogeneous mass in hepatic segment IVb, in close
relation with left portal branch, predominantly hypodense
in all phases and with peripheral nodular enhancement,
compatible with chronic thrombosis of the left portal
branch with data for revascularization and portal
cavernomatosis (Figure 2).

Quantitative data were compared using variance and
overlap ratio and qualitative data using the survey conducted
by the oncologists included information related to the grade
of difficult of contouring cases (Table III). For the
quantitative study, the imaging test with the lowest variance
and the test with the best overlap ratio were included.
Correlation between quantitative and qualitative analysis was
observed for only three patients (patients 1, 4 and 5).  
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Table I. Median gross tumor volume by computed tomography (CT) and
magnetic resonance imaging (MRI) compared.

                                         Median volume, cm3         Median difference

Patient       Segment         By CT          By MRI           cm3               %

1                      II                  0.52              0.59             0.07             11.9
2                      V                24.9              15.6             –9.3             –37.3
3                      II                  3.7                2.4             –1.3             –35.1
4                    VIII                0.9                1                  0.1               10
5                      VI                 3.5                5.4               1.9               35.2



Discussion

Our results indicate considerable variations in the delineation
of GTVs among the participating radiation oncologists. The
greatest variability between CT and MRI was observed in
patient 2 (median CT volume 24.9 cm3 and median MRI
volume 15.6 cm3). The oncologists consensually chose CT
as the best imaging test for tumor delineation for this patient.
Analyzing the images in detail, uptake of intravenous
contrast by the atypical lesion and large motion artifact on
MRI were observed, which would explain these differences
and the oncologist’s selection of CT as the test of choice. 

In case 4, there was not much variability when comparing
the median volumes in CT and MRI, however, an adequate
overlap ratio was not achieved in either CT or MRI. In CT,
this might have once again been due to contrast uptake of
the lesion. In MRI, it was probably due to motion artifact
because the lesion was located in the hepatic dome, a very
mobile area. The delineation of volumes in simple MRI was
subjectively considered and MRI was established by the
oncologists as the one of the best imaging tests for tumor
delineation. 

On the other hand, patient 1 presented little variability in
CT and MRI (median volume in CT 0.52 cm3 and median
volume in MRI 0.59 cm3), with similar overlap ratio (median
volume in CT 0.17 cm3 and median volume in MRI 0.16
cm3), and in the subjective evaluation of the oncologists, CT
allowed easier delineation, the lesion being more visible than
in MRI. This may be due to the fact that despite being a
small lesion, it presented typical contrast uptake, that the
imaging test most used and to which radiation oncologists
are most accustomed is CT, and that MRI of small lesions or
very mobile regions can be complex to interpret. The same
occurred with patient 5, whose data presented adequate
correlation with typical contrast uptake.

These results are in agreement with available data, where
the authors demonstrated that delineation was better and
showed a greater consensus in lesions with a typical pattern
of contrast uptake (4, 5). We must take into account that

hepatic deformations range from 2.8 to 10.7 mm according
to studies on rigid registration in CT and MRI. Vásquez
Osorio et al. studied vessel-guided image registration and
concluded that deformable registration is necessary to
achieve adequate alignment in abdominal compression or
free breathing (6). The use of deformable image registration
algorithms can help improve liver alignment from different
sets of images when liver deformation occurs (7). Moreover,
images should be fused as closely as possible to the target
region based on both liver contouring and, potentially,
vascular anatomy, in the same way as was done in this study.
In our study, the alignment of the entire liver was poor, being
optimal in the tumor region, because of the limitations of the
registration algorithms. The behavior of the liver is complex
and this has an impact on its registration, which is why some
authors have advised against the use of MRI (2, 3).
Furthermore, it is advisable that the immobilization used to
restrict respiratory movement in CT also be used to acquire
the MR image, avoiding differences in position and changes
due to breathing (8); this was not possible in our study due
to the incompatibility of the immobilization system and the
MRI. In our study, we used images which were not always
acquired for abdominal stereotactic body radiotherapy,
making this fusion difficult. Another factor that can influence
the measured volume is the window configuration, which is
more important for small lesions (2). Some authors have
compared the results of MRI and CT with contrast with
histopathological data after resection, showing that MRI was
better for delimiting tumors <2 cm but not for tumors ≥2 cm,
which would indicate that it may play a role in small lesions,
as was the case in patients 1 and 4, and may explain the
important variability between one test and another in the
contouring of the rest of the patients. Other studies show
high sensitivity of MRI (8-10) and it can be the test of choice
for the delineation of lesions; however, the lack of
concurrence between contour volumes in our study suggests
that they are complementary tests.

In addition to the problems with contrast uptake of the
lesions and image fusion, in patient 3 there was no overlap
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Table II. Variance, standard deviation and overlap ratio of gross tumor volume determined by five oncologists by computed tomography (CT) and
magnetic resonance imaging (MRI).

Patient                                                         CT                                                                                                               MRI

                         Variance                Standard deviation                Overlap ratio                 Variance                  Standard deviation               Overlap ratio

1                          0.017                             0.13                                   0.17                            0.087                                 0.29                                 0.16
2                          45.46                             6.75                                   0.45                              7.87                                 2.8                                    0.21
3                          927.9                           30.46                                   0                                  1742                               41.7                                    0
4                                 6                              2.5                                      0                                      0.4                                 0.64                                 0.5
5                            0.16                             0.4                                      0.58                            10.29                                 3.2                                    0.18



in any of the imaging tests, probably due to the confusion of
an arterial thrombus with a tumor thrombus. This situation
led to the delineation of a non-tumorous alteration as a
tumor. In addition, in this patient there were important

differences in the median volume between CT and MRI. In
spite of this, the oncologists agreed that MRI was the simpler
technique. This is in agreement with the data from the study
by Hong et al., who analyzed interobserver variability in
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Figure 1. Delineation of the gross tumor volume in patient with hepatocellular carcinoma previously treated with transcatheter arterial
chemoembolization (case number 5). Each color represents the evaluation by one assessor.

Figure 2. Patient with hepatocellular carcinoma and chronic portal thrombosis, by computed tomography (upper row) and magnetic resonance
(lower row) images (case number 3). Each color represents the evaluation by one assessor.



hepatocellular carcinoma with or without portal venous
thrombosis; fewer false-negative contours of hepatocellular
carcinoma were observed in MRI than in multiphase CT
(17% vs. 30% of the total of 83 lesions, respectively) (2).

One of the factors related to difficulty and variability in
contouring is delineation after previous TACE, and there is
no consensus on the treatment volume (3). The inclusion of
the tumor area previously treated with TACE as a GTV is
recommended when the recurrence is marginal; in all other
situations, the treatment volume should be assessed in a
multidisciplinary manner. Our study showed great
concordance probably due to imaging being performed more
than 1 month after TACE. 

In our series, the factors related to variability in
delineation in hepatocellular carcinoma were the poorly
defined tumor margin due to contrast uptake or tumor size,
the location of the tumor and its impact on image fusion due
to movement, and the presence of non-tumor thrombosis. In
our study, CT contouring can be considered the standard test,
with MRI support being necessary for small lesions, lesions
with atypical contrast uptake, or for patients with portal
invasion. In these cases, MRI acquisition under the same
conditions as the planning CT is recommended.

MRI was shown to underestimate tumor size in a surgical
cohort with radiological and pathological correlation (11,
12). In our study, MRI images did not align well with
planning CT images due to differences in patient positioning
and movement during testing.

Some uncertainty in the delineation of GTV is
unavoidable. Some studies have suggested compensating for
this uncertainty by using the clinical target volume to address
the possible microscopic extent of the tumor on the static
planning image. The magnitude of the expansion needed to
create the clinical target volume might vary depending on
the oncologist’s uncertainty in identifying the GTV, although
these studies do not recommend its routine use, this being
very controversial (11, 13).

Limitations. One of the most important problems described
and observed in our study is the image registration system,

for which one solution would be the use of CT- and MRI-
compatible fiducials to aid in registration. However, MRI is
often prior to consultation in radiation oncological, or may be
artifactual with the use of fiducials. In addition, our radiation
oncologists were not experts in abdominal stereotactic body
radiotherapy, therefore it would be interesting to identify a
series in which the tumor is best visualized and consult with
a hepatobiliary radiologist, promoting contouring education
with discussion in consensus meetings (4, 14). Other
solutions to improve and reduce interobserver variability in
contouring are the use of simulation CT with slices every 3
mm, especially for small tumors; the use of a respiratory
motion restriction method, and 4D CT for patients with large
respiratory motion (more than 1-1.5 cm); the use of
multiphase CT; the use of fusion MRI using vascular
structures as landmarks; the use of an abdominal window in
CT and reviewing the sagittal and coronal planes; and
avoiding delimiting perfusion abnormalities.

Conclusion

In contouring in hepatocellular carcinoma, in patients with
well-defined tumors, CT is easier and reproducible. In cases
with no defined tumor in CT, other tools are needed and MRI
can be complementary. The interobserver variability in target
delineation of hepatocellular carcinoma in this study is
noteworthy. This study identifies interobserver variability as a
relevant limitation in delineating hepatocellular carcinoma
lesions when SBRT is planned by less-experienced oncologists. 
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Table III. Quantitative and qualitative analysis comparing contouring by imaging modality for each patient according to consensus in oncologists’
questionnaire responses.

Patient                Lower variance                  Higher overlap ratio                    Quantitative                        Qualitative                             Concordance

1                                    CT                                          CT                                          CT                                      CT                                            Yes
2                                  MRI                                         CT                                     MRI/CT                                  CT                                Yes, MRI support
3                                    CT                                            -                                            CT                                     MRI                                           No
4                                  MRI                                        MRI                                       MRI                                    MRI                                          Yes
5                                    CT                                          CT                                          CT                                      CT                                            Yes

CT: Computed tomography; MRI: magnetic resonance imaging.
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Simón de Blas R: Recomendaciones de la Sociedad Española
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