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Abstract

Purpose There has been increasing use of external beam
radiotherapy for localized treatment of hepatocellular carci-
noma (HCC) with both palliative and curative intent. Qual-
ity control of target delineation in primary HCC is essential
to deliver adequate doses of radiation to the primary tumor
while preserving adjacent healthy organs. We analyzed in-
terobserver variability in gross tumor volume (GTV) delin-
eation for HCC.

Patients and methods Twelve radiation oncologists spe-
cializing in liver malignancy participated in a multi-insti-
tutional contouring dummy-run study of nine HCC cases
and independently delineated GTV on the same set of pro-
vided computed tomography images. Quantitative analysis
was performed using an expectation maximization algo-
rithm for simultaneous truth and performance level estima-
tion (STAPLE) with kappa statistics calculating agreement
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between physicians. To quantify the interobserver variabil-
ity of GTV delineations, the ratio of the actual delineated
volume to the estimated consensus volume (STAPLE), the
ratio of the common and encompassing volumes, and the
coefficient of variation were calculated.

Results The median kappa agreement level was 0.71 (range
0.28-0.86). The ratio of the actual delineated volume to
the estimated consensus volume ranged from 0.19 to 1.93
(median 0.94) for all cases. The ratio of the common and
encompassing volumes ranged from 0.001 to 0.56 (median
0.25). The coefficient of variation for GTV delineation
ranged from 8 to 57 % (median 26 %).

Conclusion The interobserver variability in target delin-
eation of HCC GTV in this study is noteworthy. Multi-in-
stitution studies involving radiotherapy for HCC require ap-
propriate quality assurance programs for target delineation.
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Interobservervariabilitit in Abgrenzung zum
makroskopischen Tumorvolumen fiir
hepatozellulire Karzinome

Ergebnisse der Korean Radiation Oncology Group 1207
Study

Zusammenfassung

Ziel Die externe kurative Strahlentherapie ist zunehmend
bei der lokalisierten Behandlung hepatozelluldrer Karzino-
me (HCC) in palliativer und kurativer Absicht in Gebrauch.
Eine Qualitédtskontrolle der Zielabgrenzung beim primiren
HCC ist entscheidend, um die passende Dosis fiir die Pri-
mértumorbestrahlung zuzufiihren und gesunde benachbarte
Organe zu schonen. Wir analysierten die Interobserverva-
riabilitdt in Abgrenzung zum makroskopischen Tumorvo-
lumen (GTV) beim HCC.

Patienten und Methoden 1In einer institutsiibergreifenden
konturierenden Teststudie mit 9 HCC-Fillen beschrieben
12 Strahlentherapeuten das GTV anhand des gleichen Sat-
zes von zur Verfiigung gestellten Computertomogrammen.
Die quantitative Analyse wurde unter Verwendung eines
Expectation-Maximization-Algorithmus fiir die ,,Simulta-
neous Truth and Performance Level Estimation® (STAPLE)
in Verbindung mit einer zwischen den Arzten vereinbarten
Berechnung von Kappa-Statistiken durchgefiihrt. Um die
Interobservervariabilitdt der GTV-Abgrenzung zu bestim-
men, wurden das Verhiltnis des tatsdchlich abgegrenzten
Volumens zum geschitzten Konsensvolumen (STAPLE),
das Verhiltnis des gemeinsamen Volumens zum umfassen-
den Volumen sowie der Variationskoeffizient berechnet.
Ergebnisse Das mediane Kappa-Agreement-Level betrug
0,71 (Spanne 0,28-0,86). Das Verhiltnis des tatsdchlich
abgegrenzten Volumens zum geschitzten Konsensvolumen
lag in sdmtlichen Fillen zwischen 0,19 und 1,93 (Mittel-
wert 0,94). Das Verhiltnis des gemeinsamen Volumens zum
umfassenden Volumen lag zwischen 0,001 und 0,56 (Mit-
telwert 0,25). Der Variationskoeffizient fiir die GTV-Ab-
grenzung lag im Bereich von 8-57 % (Mittelwert 26 %).
Schlussfolgerung Die Interobservervariabilitit in der Ziel-
abgrenzung des HCC-GTV ist in dieser Studie bemerkens-
wert. Institutsiibergreifende Studien fiir eine HCC-Strahlen-
therapie erfordern geeignete Qualitétssicherungsprogram-
me fiir die Zielabgrenzung.

Schliisselworter Risikoorgane - Strahlentherapie -
Chemoembolisation - Radiofrequenzablation -
Qualitétssicherung

There has been increasing use of external beam radiother-
apy (EBRT) for localized treatment of hepatocellular car-
cinoma (HCC) with both palliative and curative intent [1].
EBRT has also been used in combination with transarte-
rial chemoembolization (TACE) and radiofrequency abla-
tion (RFA) [2]. Quality control of target delineation in pri-
mary HCC is essential to deliver adequate doses of radiation
to the primary tumor, while preserving adjacent healthy or-
gans [2]. However, there is no clear consensus on how to
delineate target volumes in radiotherapy for HCC. In a re-
cently published interobserver variability study, near-per-
fect or substantial agreement was seen in contouring gross
tumor volume (GTV) in three case scenarios: HCC with-
out portal vein thrombus (PVT), HCC with extensive PVT,
and HCC with minor branch PVT (kappa values of 0.82,
0.80, and 0.71, respectively) [3]. It still remains to be ver-
ified whether contouring agreement would still hold when
a variety of clinical cases are presented.

The purpose of this multi-institution dummy-run study
was to quantify the interobserver variability in GTV delin-
eation for nine HCC cases presenting with various tumor
characteristics.

Patients and methods

In November 2012, the Korean Radiation Oncology Group
(KROG) established a multicenter study to analyze the in-
terobserver variability in GTV delineation for primary HCC
in EBRT (KROG 1207). Twelve radiation oncologists spe-
cializing in HCC EBRT from 12 institutions participated in
the study.

Diagnostic liver magnetic resonance imaging (MRI),
multiphasic computed tomography (CT; Somatom Sensa-
tion 64; Siemens Medical Solutions, Forchhein, Germany),
and planning CT images were provided through the study
website using Digital Imaging and Communications in
Medicine (DICOM) format files. All datasets were fully
anonymized before being delivered to the participating
centers.

This study protocol conformed to the ethical guidelines
outlined in the 1975 Declaration of Helsinki and was ap-
proved by the Institutional Review Boards of participating
institutions.

Case histories

Clinical information of nine selected patients is presented
in supplementary table 1. Patients 1, 2, 3, and 6 had been
treated with TACE prior to EBRT. Right main PVT was
observed in patients 3, 4, 5, and 9. An infiltrative and ill-
defined tumor margin was present in patients 4, 5, 6, and 9.
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Diagnostic multiphasic CT images were provided in four
cases, whereas MRI images were provided for all patients.

Image acquisition

The planning CT scan was obtained using a standard ac-
quisition protocol (arterial phase contrast-enhanced, supine
position, both arms above the head, free breathing, and
slice thickness of 5 mm) using a SOMATOM Sensation
Open (Siemens Medical, Erlangen, Germany) CT scanner
[4]. The slice thickness was 3 mm in patients 1 and 2.
Two-dimensional (2D) fluoroscopy was acquired in every
HCC patient to evaluate respiratory movement of the di-
aphragm. Four-dimensional (4D) CT simulation using Res-
piratory Gating System 3.0 (Anzai Medical, Tokyo, Japan)
was acquired in the case of hypofractionated radiotherapy or
respiratory movement of the diaphragm on 2D fluoroscopy
over 1-1.5 cm. An abdominal compression device was
used in the case of hypofractionated radiotherapy or res-
piratory movement of the diaphragm on 2D fluoroscopy
over 1-1.5 cm. If there was no improvement of respiratory
movement of the diaphragm on 2D fluoroscopy with an
abdominal compression device, an abdominal compression
device was not applied in that case. In the present study,
four cases (cases 1, 2, 4, and 6) underwent 4D-CT simu-
lation. An abdominal compression device was used in six
cases (cases 1, 2, 3, 5, 6, and 9). Diagnostic liver MRI
(MAGNETOM Tim Trio, Siemens Healthcare; Achieva,
Philips Healthcare, Eindhoven, Netherlands) in gadolinium-
enhanced T1-weighted volumetric interpolated breath-hold
examination (VIBE) at arterial phase (20-35 s) and T1-
weighted VIBE at hepatobiliary delayed phase (20 min)
were provided for all nine patients.

Target delineation

Patient histories and the official radiographic interpretation
of MRI were provided to the panelists to aid decision mak-
ing in identification of GTV. All physicians obtained de-
tailed instruction, which is provided in the KROG 1207
study protocol, for definition of the GTV as follows:

1. The visible extent of hepatic parenchyma primary tumor
and portal vein invading lesion in the soft tissue window.

2. Fusion of MRI and planning CT was recommended.

3. Respiratory motion of the gross tumor was not consid-
ered in GTV delineation.

It was possible to contour the primary tumor and portal
vein-invading lesion as separate structures. The limits for
the soft tissue window levels could be chosen by the partic-
ipants. The magnification factor was left to the physician’s
discretion. Sagittal and coronal CT reconstructions were
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available to allow orientation in the craniocaudal direction
[5]. Contouring was performed independently without the
information of other physicians. Normal structures (liver,
stomach, duodenum, bowel, spinal cord, and kidney) were
provided to the panelists. Physicians also completed a short
survey of their clinical experience with irradiation of HCC.

Interobserver variability analysis

The completed contours were centrally collected in DICOM
format and loaded onto the Eclipse™ (Varian, Palo Alto,
CA, USA) treatment planning system. Each case was then
imported into the Computational Environment for Radio-
therapy Research program (CERR version 4.4) run through
MATLAB version 7.8 (MathWorks Inc., Natick, MA, USA)
for analysis [6]. Quantitative analysis on expert agreement
was performed using an expectation maximization algo-
rithm for Simultaneous Truth and Performance Level Esti-
mation (STAPLE) [7]. Kappa statistics were used to assess
agreement between contouring observers [8]. Perfect agree-
ment between physicians would equate to a kappa value
of 1, and a value of O represents no agreement. Estimated
consensus contours for the GTV were generated at a 95 %
confidence level (S95) based on STAPLE analysis from the
12 overlaid contours from each case. The contours created
by the radiation oncologist (J.S.) with the highest volume
of cases in conjunction with a diagnostic radiologist were
defined as the reference contours. The S95 of each case
was compared to the reference contours and scored using
Dice’s coefficient, defined as the intersection of volumes/
average volume as a similarity metric (volumes in cm?),
with higher values indicating greater agreement (median
0.83, range 0.41-0.93). The S95 was then finalized as the
consensus contour [3]. Ratios of the true contoured GTV
of individual observers to the S95 for each of case were
calculated. The dimensionless coefficient of variation (%),
defined as the ratio between the standard deviation and the
mean, was calculated to measure the relative data scatter
with respect to the mean [9]. The ratio between a common
volume (i. e., a volume on which all observers agreed) and
an encompassing volume (i.e., the smallest volume that
included all observers’ volumes) was also calculated [10].

Results

Four panelists adhered to the recommendation to use CT-
MRI fusion for delineating all 12 cases. Among these pan-
elists, two used the deformable registration method in reg-
istering the CT images of the liver with those from the
MRI. The rest of the panelists did not use CT-MRI fusion;
however, all panelists thoroughly reviewed the MRI images
before delineating the GTV. The main reason for not us-
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Table 1 Variations in the contouring of gross tumor volume (GTV) of each case

Statistics 1 2 3 4 5 6 7 8 9
Vmax (ml) 7 19 547 100 288 103 538 160 2365
Vmin (ml) 0.7 9 259 35 204 25 416 53 1274
Vavg (ml) 3 13 366 69 238 52 492 101 1753
Vsp (ml) +1.8 +3 +106 +20 +23 +26 +43 +26 +317
Vmax/Vmin 10.1 2.1 2 2.8 1.4 4 1.3 3 1.6
Comm (ml) 0.01 1 159 20 165 8 355 46 1207
Encom (ml) 9 29 624 158 358 126 632 177 2544
C/E 0.001 0.04 0.25 0.13 0.46 0.07 0.56 0.26 0.47
COV (%) 57 25 28 30 10 50 8 26 18
STAPLE volume (ml) 3 15 390 72 231 80 498 100 1668
Kappa 0.28 0.58 0.71 0.60 0.82 0.60 0.86 0.71 0.81

SD standard deviation, Vmax maximum volume, Vmin minimum volume, Vmax/Vmin ratio of Vmax to Vmin, Vavg average volume, Comm the
largest volume common to all the individual GTVs, Encom the smallest volume encompassing all the individual GTVs, C/E ratio of common to
encompassing volume, COV coefficient of variation (SD/mean), STAPLE simultaneous truth and performance level estimation
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Fig. 1 Box-and-whisker plots of the ratio of true contoured gross tu-
mor volume (GTV) to the 95 % confidence level (S95) for each of nine
patients. The box spans the first to the third quartile; the line inside

each box shows the median values and the upper and lower whiskers
indicate the range

ing CT-MRI fusion for GTV delineation was the positional
difference of the liver between CT and MRI images. One
panelist contoured the primary lesion and vessel-invading
lesion as separate structures. The coefficient of variation
ranged from 8 to 57 % (median 26 %). The median kappa
agreement level was 0.71 (range 0.28-0.86; Table 1). Ra-
tios of the true contoured volume to the S95 for each patient
ranged from 0.19 to 1.93 (median 0.94; Fig. 1).

The largest variability was observed in patient 1. The
recurrent lesion was adjacent to the previous TACE site
(lipiodol uptake site). Four observers contoured the GTV
including the lipiodol uptake site, and the others contoured
the GTV excluding the lipiodol uptake site (supplementary

figure 1). Diagnostic liver multiphasic CT images were not
provided. Due to the small volume, small inaccuracies in
outlining the tumor had an amplified impact on the ulti-
mately delineated GTV.

In patient 2, residual tumor after incomplete TACE did
not show clear enhancement on the contrast-enhanced arte-
rial phase planning CT scan. Coregistered MRI images did
not align well with planning CT images due to differences
in patient positioning during image acquisition, resulting in
noteworthy liver deformation (supplementary figure 2).

In patient 4, ill-defined and infiltrative perivascular mass
formation (in the right upper anterior PVT) likely con-
tributed to the variability. One observer (blue line) de-
lineated a triangular zone of subtle arterial enhancement
(nearly same as normal liver parenchyma) that was narrow
medially and widened laterally adjacent to PVT on MRI
(Fig. 2).

In patient 6, two observers delineated the previous RFA
site (low signal intensity on delayed hepatobiliary phase on
MRI) adjacent to the recurrent tumor, medially and poste-
riorly. There was a site of lipiodol uptake from previous
TACE adjacent to the recurrent tumor. Five observers de-
lineated the GTV including this lipiodol uptake site. The
tumor in patient 6 was located in segments 2 and 3, adjacent
to the pyloric portion of the stomach inferiorly, and adjacent
to the heart superiorly. Additional inaccuracies may have
been attributed to partial volume averaging, which enlarges
with increasing slice thickness (Fig. 3).

Variations in delineation of the distal aspect of a tumor
thrombus were observed in patient 3 with extensive PVT
(supplementary figure 3) and patient 9 with inferior vena
cava invasion (supplementary figure 7). It was difficult to
discriminate the extent of benign thrombi contiguous with
malignant thrombi.
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Fig. 2 Patient 4. The 95 % confidence level (S95) is shown in thicker red line

The smallest variability was observed for patient 7. The
tumor had a relatively well-demarcated margin. Diagnos-
tic multiphasic CT images were provided (supplementary
figure 5).

Observers 3, 5, 7, and 9 contoured the GTV 20 % smaller
than the S95 in six, four, six, and four cases, respectively.
Observer 3 contoured the GTV 10 % smaller than the S95
in all nine cases. Observers 1, 4, and 8 contoured the
GTV 20 % larger than the S95 in five, four, and four cases,
respectively. This tendency was irrespective of the extent of
lifetime irradiation experience of HCC cases. Observers 1,
3,7, 8, and 9 had experience with more than 100 cases of
HCC irradiation in their lifetime.

Discussion

All institutions that participated in the current study are lo-
cated in HCC-endemic areas, and the radiation oncologists
had abundant clinical experience in treating HCC. Nonethe-
less, our results indicate substantial variation in GTV de-
lineation among radiation oncologists from different insti-
tutions, especially in four cases.

Factors that may have been associated with the largest
variation include absence of diagnostic multiphasic CT, tu-
mor location adjacent to the previous treatment with TACE
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or RFA, ill-defined infiltrative tumor margin, extensive
PVT, and small tumor size.

Diagnostic multiphasic CT images were provided for pa-
tients 2, 5, 7, and 9. The coefficient of variation for GTV
in these four patients ranged from 8 to 25 % (mean 15 %).
The coefficient of variation for GTV ranged from 26 to
57 % (mean 38 %) in the other five cases.

Hong et al. reported near-perfect or substantial agree-
ment in contouring the primary HCC GTV [3]. In contrast
to this, our study included four patients with previous treat-
ment with TACE and RFA. In patients 1 and 6, tumors were
located adjacent to the previous treatment area with TACE
or RFA. Previous treatment with TACE or RFA likely con-
tributed to the greater variability in these patients.

Lieven et al. reported the influence of size and win-
dow setting on measured volume in a phantom study. In
his study, the selection of window center had an important
influence on the measured volume. The effect of window
setting on measured object volume was much more impor-
tant in the case of small object size. This may be explained
by the predominant effect of volume averaging in small
objects [11]. In the future, provision of specific contour-
ing guidelines will reduce interobserver variability, such as
requirement of diagnostic multiphasic CT images and win-
dow setting. Target contouring education before multi-in-
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Fig. 3 Patient 6. The 95 % confidence level (S95) is shown in thicker red line. Lipiodol deposit after transarterial chemoembolization (TACE)
presented with high-density nodule

stitution study and consensus meeting discussion may help
in improving frequent errors and disagreements [12].

Another issue is utilization of imaging studies in target
delineation. Coregistration of MRI improved the accuracy
of GTV delineation greatly in radiotherapy for many tu-
mors, including prostate cancer [13], head and neck cancer
[14], and brain tumors [15]. MRI improved diagnosis and
definition of HCC tumor extent [16], and MRI images were
provided to assist target delineation for all patients in the
current study. However, unlike delineating tumors in the
brain, respiration-dependent motion of the liver poses limits
to the use of MRI for HCC GTV delineation. Several mo-
tion management strategies are employed in order to com-
pensate for the respiratory-dependent motion of the liver,
including abdominal compression to reduce the breathing
motion, treating during repeated breath holds, gating radio-
therapy, and real-time tumor tracking [17]. In designing
a radiotherapy protocol for a multi-institution study, it is
important to minimize technical requirements, while main-
taining quality control of the treatment protocol. Investi-
gators need to be aware of the technologies available at
participating institutions.

Recent studies have shown that the MRI deformable reg-
istration technique for liver can improve the accuracy of
tumor delineation [18]. Further investigations of liver MRI
deformable registration may help in improving the accuracy

of target delineation related to the respiratory motion and
MRI acquisition position.

Consultation with a diagnostic hepatobiliary radiologist
is encouraged to improve the accuracy of target delineation
[3]. In particular, discussion with a diagnostic radiologist
may help in targeting recurrent tumor adjacent to the previ-
ous TACE and RFA treatment area, as well as tumor with
extensive PVT.

Introduction of 4D-CT has improved respiratory man-
agement of tumors in the abdomen and thorax [19, 20].
However, acquiring 4D-CT images with intravenous (IV)
contrast is not practical, since 4D-CT may take up to 1 min
or more and administration of multiple doses of IV con-
trast may be necessary. In a protocol developed by Beddar
et al., CT scans for treatment planning were acquired free
of contrast agents while the patient breathed freely. 4D-
CT scanning was performed only in the region containing
the liver in cine mode for at least one complete breathing
cycle, while the IV contrast was synchronized with the 3D
image acquisition [21]. However, this protocol is unlikely
to be universally accepted since many institutions rely on
conventional planning CT images.

The current study has several limitations. Diagnostic
multiphasic CT images were not provided for all sample
patients. The impact of multiphasic CT images may have
been more pronounced for tumors with less clear margins
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and may have further reduced interobserver variability. De-
tailed treatment histories were also not provided for the
cases for practical reasons. However, many clinicians take
into consideration treatment history and the current status
of the patient and disease. The quality of planning CT
images was not optimal. To reduce interobserver variabil-
ity for future prospective studies, a protocol for acquiring
high-quality planning CT images in addition to implement-
ing the breath-hold technique and reduced slice thickness,
is required. Lastly, we did not evaluate target delineation of
the clinical target volume (CTV) of primary HCC. Delin-
eation of CTV can vary among physicians. Future research
is needed to investigate interobserver variability of CTV for
primary HCC.

Hong et al. were able to provide consensus guidelines
for workflow in the GTV definition of HCC [3]. We added
the following recommendations based on the results of our
study.

1. Small slice thickness (< 3 mm) is recommended for
simulation CT, especially for small HCCs.

2. Use of a respiratory motion-restricting method, such as
abdominal compression, is recommended in addition to
4D-CT for patients with large (over 1-1.5 cm) respira-
tory movement.

3. Diagnostic multiphasic CT imaging is essential for con-
touring GTV.

4. MRI fusion is strongly recommended for HCC with fea-
tures including hypovascularity, ill-defined tumor mar-
gin, and PVT. Vascular structures can be used as refer-
ence points for image fusion.

5. Consensus on inclusion of previous TACE site in GTV is
inconclusive; however, inclusion of initial TACE site is
recommended when marginal recurrence was observed.
A multidisciplinary team approach is recommended for
deciding the treatment volume.

6. Consensus meeting is encouraged to discuss guidelines
for contouring GTV, CTV, and PTV prior to developing
multi-institutional study protocols involving radiother-
apy for HCC.

Conclusion

In the current study, the interobserver variability in the tar-
get delineation of GTV for primary HCC was noteworthy.
To reduce this variability, the authors plan to evaluate the
variability further and come up with a consensus guideline
as an extension to this study in the near future. In designing
a multi-institution study of radiotherapy for primary HCC,
clear guidelines and appropriate quality assurance of target
delineation are necessary.
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