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Abstract

Background: An observational multi-institutional study has been conducted aimed to evaluate the inter-observer
variability in clinical target volume (CTV) delineation among different radiation oncologists in radiotherapy treatment
of pancreatic cancer.

Methods: A multi-institutional contouring dummy-run of two different cases of pancreatic cancer treated by
postoperative and preoperative radiotherapy (RT) was performed. Clinical history, diagnostics, and planning CT
imaging were available on AIRO website (www.radioterapiaitalia.it). Participants were requested to delineate
CTVs according to their skills and knowledge. Aiming to quantify interobserver variability of CTVs delineations,
the total volume, craniocaudal, laterolateral, and anteroposterior diameters were calculated. Descriptive statistic
was calculated. The 95% Confidence Interval (95% Cl) for coefficient of variation (CV) was estimated. The Dice
Similarity Index (DSI) was used to evaluate the spatial overlap accuracy of the different CTVs compared with the
CTVs of a national reference Centre considered as a benchmark. The mean DSI (mDSI) was calculated and reported.

Results: A total of 18 radiation oncologists from different Institutes submitted the targets. Less variability was observed
for the Elective CTV rather than the Boost CTV, in both cases. The estimated CV were 28.8% (95% Cl: 21.2 - 45.0%) and
20.0% (95% ClI: 14.9 - 30.6%) for the Elective CTV, in adjuvant (Case 1) and neoadjuvant (Case 2) case, respectively. The
mDSI value was 0.68 for the Elective CTVs in both cases (range 0.19 - 0.79 in postoperative vs range 035 - 0.79 in
preoperative case). The mDSI was increased to 0.71 (Case 1) and 0.72 (Case 2) if the observers with a worse agreement
have been excluded. On the other hand, a CV of 42.4% (95% Cl: 30.1 - 72.4%) and 63.8% (95% ClI: 43.9 - 119.2%) with a
mDSI value of 044 and 0.52, were calculated for the Boost CTV in Case 1 and Case 2, respectively.

Conclusions: The CV and mDSI obtained values for Elective CTVs showed an acceptable agreement among
participants either in postoperative as well in preoperative setting. Additional strategies to reduce the variability in
Boost CTV delineation need to be found and promoted.

Background

Patients with pancreatic adenocarcinoma (PC) have a poor
prognosis. In an attempt to improve survival, chemother-
apy and radiotherapy (RT) have been used both for unre-
sectable disease as well as in the adjuvant setting [1,2].
About one third of PC patients die from local uncontrolled
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disease and lymph node metastases have been proved to be
an important prognostic factor associated with a signifi-
cantly higher rate of both local and distant recurrences [3].
Therefore, local control remains an important treatment
end-point.

Although regional nodal metastases are often found in
patients with PC, it remains debatable whether elective
nodal irradiation (ENI) should be performed. Since the
high reported frequency of lymphatic spread (60—80%)
in head pancreatic cancer [4] and the high rate of local
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and nodal failure reported in pathologic and clinical ana-
lyses (up to 75%) [5], elective ENI seems to be justified
in a curative treatment.

However, one of the major RT challenges for the upper
abdominal tumor, especially if ENI is required, is the
radio-sensibility of multiple critical structures, including
liver, kidneys, stomach, small bowel, and spinal cord.
Intensity-modulated radiation therapy (IMRT) has been
shown to reduce dose to organs at risk (OARs) [6-8]
improving planning target volume (PTV) coverage [9].

Due to the deep dose gradients between the boundary
of target volumes and OARs, more than those obtained
by conventional RT, a higher accuracy in the delineation
of the clinical target volume (CTV) become a funda-
mental prerequisite [10]. In the last decade, Brunner and
colleagues proposed guidelines for definition of ENI tar-
get volume in PC [11]. More recently, Radiation Therapy
Oncology Group consensus panel guidelines for the de-
lineation of the CTV in the postoperative treatment of
pancreatic head cancer were published [12]. In addition,
Sun et al. reviewed 18 pathological reports accounting
for 5954 PC patients treated with radical surgery. The
probability of metastasis in regional lymph nodal stations
(using Japan Pancreas Society [JPS] Classification) was cal-
culated and analyzed based on the location and other
characteristics of the primary disease. Site and probability
of metastasis were identified and suggested as a guide for
surgical treatment [13]. Based on this review, Caravatta
et al. proposed an atlas reporting criteria for CTV, includ-
ing ENI definition and delineation in the preoperative or
exclusive treatment of PC [14].

In 2012, the Gastrointestinal Study Group of the
Italian Association of Radiation Oncology (AIRO-GI)
promoted the recently published guidelines [12,14] to
National RT centres as contouring tools for RT in
PC [15]. After 1 year, in order to highlight the CTV
delineation uncertainties among different radiation on-
cologists of the available contouring guidelines, a multi-
institutional contouring dummy-run of 2 different PC
cases treated by preoperative and postoperative RT was
proposed.

Material and method

Qualitative analysis

A structured questionnaire was administered. The profes-
sional seniority, the number of per year-treated patients,
some technical details (e.g. the use of intravenous contrast-
enhanced planning CT scans and of multi modality imaging),
the existence of multidisciplinary team for contouring, were
investigated. Noteworthy, a detailed definition of the ana-
tomical sites encompassed in the CTVs in daily clinical prac-
tice was demanded, as for Gross tumor volume (GTV), as
well for tumor bed and lymph node areas, according to JPS
nomenclature [16].
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Contouring section

A national reference RT centre was identified on the
basis of per-year PC treated patients (more than 30)
and of PC expertise according to scientific publica-
tions on the topic. Contouring data from the latter
were considered as the benchmark in the comparison
analysis.

Clinical cases

Two PC cases were chosen in postoperative and in pre-
operative setting. Data on clinical history, staging, im-
aging (CT, MRI) and planning CT were available for
participants on AIRO website (www.radioterapiaitalia.it).
Participant’s centres were requested to delineate target
volumes by their own segmenting tools and clinical ex-
perience based on specific instructions in terms of guide-
lines or recommendations [15]. The planning CT scan was
obtained with a standard acquisition protocol (supine pos-
ition with the arms elevated; slice thickness of 5 mm and
reconstruction interval of 5 mm). Oral or intravenous
contrast mediums were not administered.

Case 1

In July 2012, a 69-year-old woman was hospitalized for
fatigue, progressive jaundice, pale stools, dark urine
and itch. Abdomen CT scan showed into the head and
uncinate process of the pancreas an expansive solid lesion
(maximum diameter = 27 mm) associated with dilatation
of the intrahepatic bile ducts. Some small lymph nodes
were detectable around the hepatoduodenal ligament,
celiac trunk, inter-aorto-caval and paraortic areas. At
the endoscopic ultrasound procedures a lymph node
(maximum diameter = 8.5 mm) with doubtful charac-
teristics of malignancy was also identified close to duode-
num. Since the diagnosis of pancreatic adenocarcinoma
was confirmed by fine-needle aspiration (FNA) biopsy,
the patient underwent to pancreaticoduodenectomy. The
pathology reports documented a ductal pancreatic adeno-
carcinoma, G2, with perineural invasion, extensively infil-
trating the parenchyma and extended to the subserosal
and retropancreatic adipose tissue up to the muscle layer
of the duodenal wall. Surgical margins were negative.
Lymph node metastases were recognized in two of four
resection specimens of retropancreatic area, while 8 add-
itional nodes were metastasis-free. Stage according to the
7™ edition of the AJCC TNM staging system was pT3,
pNI1. Participants were required to encompass two CTVs:
1) high risk draining lymph nodes areas (Elective CTV); 2)
tumor bed plus posterior pancreaticoduodenal lymph
nodes (Boost CTV).

Case 2
In March 2012, a 72-year-old man was hospitalized
for obstructive jaundice. Abdomen CT scan showed a
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3.0 x 25 x 35 mm hypodense solid lesion, at the uncinate
process of the pancreas, with the invasion of confluence of
superior mesenteric and portal vein. At the endoscopic
ultrasound procedure 2 lymphadenopathies with charac-
teristics of malignancy were described in the intercavoaor-
tic space and in the hepatic hilum. Patient was staged as
T3, cN1, according to the 7™ edition of AJCC TNM sta-
ging system. The diagnosis of PC adenocarcinoma was
confirmed by FNA biopsy. Participants were required to
encompass two target volumes: 1) high risk draining
lymph nodes areas (Elective CTV); 2) detectable tumor
plus positive lymph nodes (Boost CTV).

Metodology

Contoured CTVs from partecipant’s centers were loaded on
Oncentra® Masterplan Treatment Planning System (Nucle-
tron) for geometrical parameters analysis (total volume,
craniocaudal, laterolateral, and anteroposterior diame-
ters) and on Eclipse® TPS (Varian) to calculate the mean
DSI’s Similarity Index (mDSI).

As in some our previous experiences [17,18] differ-
ences in CTVs cranio-caudal extension (i.e., the number
of slices contoured multiplied by the slice thickness),
maximum latero-lateral diameter, and maximum anterio-
posterior diameter were calculated. Moreover, a compari-
son between each cranial and caudal limits of the CT'Vs,
maximum anterio-posterior diameter (extended from the
extreme anterior point to the extreme posterior point
of the CTVs), and maximum latero-lateral diameter
(extended from the extreme point on the right to the
extreme point on the left of the CTVs) were evaluated.
Descriptive statistics (minimum, maximum, mean, stand-
ard deviation, median, 25™ and 75™ percentile and coeffi-
cient of variation [CV]) was calculated for each parameter.
Scatter plots were used for the presentation of each CTV
showing median values and the 25" and 75™ percentile
range. A Shapiro-Wilk’s test was performed to evaluate
the deviation from normality distribution for each param-
eter. The 95% Confidence Interval (95% CI) for CV and
for individual predicted volume were estimated using non
central-t distribution and left-truncated normal distribu-
tion (where the fixed-point of truncation was zero), re-
spectively. The comparison between relative variations
was evaluated using the Student t distribution. Statistical
analysis was performed using SPSS® Advanced Statistical

Table 1 Qualitative analysis results
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11.0 software (SPSS Inc, Chicago, Illinois, USA) and R
open source software.

Dice Similarity Index (DSI)

The DSI was used as a statistical validation metric to
evaluate the spatial overlap accuracy of the different delin-
eations of CTVs [19,20] and compared with the contour-
ing of the reference centre considered as the benchmark.
Given two observers contouring the volumes A and B,
DSI is defined as:

DSI = 2 x AnB/A+B

The value of a DSI is a scalar coefficient ranges from 0,
indicating no spatial overlap between two sets of binary
segmentation results, to 1, indicating complete overlap.

Results

Without any predetermined selection criterion, 18 radi-
ation oncologists from different centres spontaneously
submitted the completed questionnaire and the delin-
eated targets.

Qualitative data from participating centers have been
detailed in Table 1. Senior doctors with experience on
PC longer more than 10 years were 44.4%. All respon-
dents declared to use the staging imaging (CT scan) for
the delineation of CTVs in both setting. In particular, 8
centres (44.4%) declared to never or rarely require multi-
modality imaging (RM or CT-PET) for CTVs delineation
in routine clinical practice, whereas multi-modality im-
aging was considered necessary for selected cases in 7
centres (38.9%). Co-registration with the planning CT scan
resulted routinely performed in 6 centres (33.3%). Fifteen
radiation oncologists (83.3%) stated that the collaboration
with radiologists and/or nuclear physician for CTVs delin-
eation was required only for very difficult interpretation
cases.

Concerning the definition of the Elective CTV, 15 ra-
diation oncologists stated to include 6, 8, 9,12, 13, 14 16
and 17 lymph nodes groups for head pancreatic cancer
and 6, 8, 9,10, 11, 12, 14 16 and 18 lymph nodes groups
(JPS classification) for body/tail pancreatic cancer, in
both setting. Three radiation oncologists declared to
avoid contouring of infrapyloric lymph nodes (group 6)

Professional seniority

N° tratment/year

IV contrast-enhanced
planning CT scan

Multi-Modality Imaging
(MRI or CT-PET)

Questionnaire

Senior <5years 5-10years >10years <5 5-10 10-30 >30 Never Selected Always Never Almost Selected Always
resident specialist specialist specialist cases Never cases
n 18 3 7 0 8 7 5 4 2 7 5 6 5 3 7 3
% 100 16.7 389 0 444 389 278 222 111 389 278 333 278 16.7 389 16.7

IV: intravenous.
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in both treatment setting, irrespective of primary tumor
site.

Case 1: post-operative RT

Two of the 18 centres did not delineate the Boost CTV.
The mean Elective CTV and Boost CTV volumes were
505.4 ¢cm® and 88.8 cm?, with a standard deviation (SD)
of 145.7 cm® (range 141.8 - 792.7 cm®) and of 37.7 cm®
(range 27.9 - 191.1 cm®), respectively (Table 2). Particu-
larly 4 of 18 centres delineated an Elective CTV with a
volume <424.5 cm® (25" percentile) and 4 of 18 centres
with a volume >585.3 cm® (75 percentile), whereas 3 of
16 centres delineated a Boost CTV <68.0 cm® (25™ per-
centile) and 4 of 16 centres with a volume >103.3 c¢m?®
(75t percentile) (Table 2 and Figure 1). The 95% CI for
each individual predicted volume were 432.9 - 577.9 ¢cm?
for the Elective CTV and 68.7 - 1089 cm?® for the Boost
CTV. The estimated CV% were 28.8% (95% CI: 21.2 - 45.0%)
for the Elective CTV and 42.4% (95% CI: 30.1 - 72.4%) for
the Boost CTYV, respectively. No significant difference was
detected between the CVs. The variation of both CTVs con-
cerning cranio-caudal, anterio-posterior, and latero-lateral
diameters is also shown in Table 2. Moreover, the variability
of cranial and caudal limits drawn by each observer on CT
slices is represented in Figure 2, showing as the greatest
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variability was in the caudal direction, especially for Boost
CTV. Deviation from Elective CTV and Boost CTV
volumes, evaluated by the reference centre, were —83.1 +
148.8 (range: —442.1 to 208.8) and 0.8 + 39.0 (range: —60.2
to 103.0), respectively. In both cases, 5 physicians have de-
lineated a larger volume than the reference centre. A
graphic representation on axial and coronal planes of in-
terobserver variation among 18 centres for Case 1 Elective
and Boost CTVs is shown in Figure 3.

The DSI was obtained for each centre comparing all
CTVs drawn by each observer with the CTVs drawn
by the reference centre. The mean DSI values of 0.68
(range: 0.19 - 0.79) for the Elective CTV and 0.44
(range: 0.17 - 0.65) for the Boost CTV were respect-
ively calculated (Table 3). A subsequent analysis, per-
formed after exclusion of data from a single centre
whose Elective CTV substantially diverged from the
reference, showed an improved agreement of the mDSI
value from 0.68 to 0.71.

Case 2: pre-operative RT

One of the 18 centres did not delineate the Boost CTV for
the preoperative case. The mean Elective CTV and Boost
CTV volumes were 503.9 cm® and 167.4 cm?®, with a stand-
ard deviation (SD) of 101.0 cm® (range 356.0 - 693.6 cm®)

Table 2 Volumetric and dimensional results for clinical target volumes (CTVs) of Case 1 and 2

Elective CTV Boost CTV
Case 1 Volume Laterolateral  Anteroposterior Craniocaudal Volume Laterolateral Anteroposterior Craniocaudal
(ecm3) diameter (cm) diameter (cm) diameter (cm) (em3) diameter (cm) diameter (cm) diameter (cm)
N 18 18 18 18 16 16 16 16
Mean 5054 14.1 10.2 124 88.8 7.2 6.8 5.1
SD 145.7 20 19 27 377 1.1 1.7 16
Minimum 1418 1.9 54 6.5 279 48 53 20
Maximum 792.7 19.1 150 155 1911 9.0 119 9.0
25t percentile 424.5 123 93 10.6 68.0 6.5 58 4.0
Median 510.8 136 103 127 824 73 6.3 45
75t percentile 5853 153 11.0 15.0 103.3 82 6.9 6.0
CV (%) 288 14.2 186 21.8 424 153 250 314
Elective CTV Boost CTV
Case 2 Volume Laterolateral Anteroposterior Craniocaudal Volume Laterolateral Anteroposterior Craniocaudal
(cm?) diameter (cm)  diameter (cm)  diameter (cm) (cm?) diameter (cm)  diameter (cm)  diameter (cm)
N 18 18 18 18 17 17 17 17
Mean 5039 14.2 M7 11.0 1674 86 74 7.3
SD 101.0 23 1.8 25 106.9 23 16 20
Minimum 356.0 109 87 6.5 283 4.1 45 40
Maximum 693.6 182 15.6 14.5 4589 130 99 125
25t percentile 404.3 124 106 84 855 6.8 64 6.2
Median 489.0 14.0 1.2 1.7 152.2 9.0 72 7.5
75t percentile 5887 16.7 123 13.0 2206 10.0 9.1 7.7
CV (%) 20.0 16.2 154 227 638 26.7 216 274
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Figure 1 Scatter plots of CTVs for Elective and Boost CTVs of
Case 1 and 2 delineated by each observer.
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and of 106.9 cm® (range 28.3 - 458.9 cm®), respectively
(Table 2). Particularly 4 of 18 centres delineated an
Elective CTV with a volume <404.3 cm® (25" percentile)
and 4 of 18 centres with a volume >588.7 cm® (75™ per-
centile), whereas 4 of 17 centres delineated a Boost
CTV <85.5 cm® (25" percentile) and 4 of 17 centres
with a volume >220.6 cm® (75" percentile) (Table 2
and Figure 1). The 95% CI for each individual pre-
dicted volume were 453.7 - 554.2 cm® for the Elective
CTV and 112.4 - 222.3 cm? for the Boost CTV. The es-
timated CV% were 20.0% (95% CI: 14.9 - 30.6%) for
the Elective CTV and 63.8% (95% CI: 43.9 - 119.2%)
for the Boost CTV, respectively. A statistically signifi-
cant difference between the CVs was detected (p<
0.001). The variation of both CTVs concerning cranio-
caudal, anterio-posterior, and latero-lateral diameters,
were also shown in Table 2. A representation of the
variability of cranial and caudal limits drawn by each
observer on CT slices is shown in Figure 2. As for
post-opertative case, the greatest variability has been
shown in the caudal direction, for both volumes. Devi-
ation from volume of Elective CTV and Boost CTV,
evaluated by the reference centre, were -39.7 + 103.7
(range: —185.4 to 152.2) and -16.1 + 110.3 (range: —-123.9
to 306.7), respectively. In both cases, 8 physicians have de-
lineated a larger volume than the reference centre. A
graphic representation on axial and coronal planes of
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red solid outline.

Figure 3 Graphic representation on axial (Panel A, C, E and G) and coronal (Panel B, D, F and H) planes of interobserver variation
between 18 centres for Elective (Panel A and B) and Boost (Panel C and D) CTVs of post-operative radiotherapy (Case 1) and for
Elective (Panel E and F) and Boost (Panel G and H) CTVs of pre-operative radiotherapy (Case 2). The center of reference is represented in

interobserver variation between 18 centres for Elective
and Boost CTVs of Case 2 is represented in Figure 3.

The mean DSI was calculated for all CTVs drawn by
each observer and was 0.68 (range: 0.35 - 0.79) for the
Elective CTV and 0.52 (range: 0.31 - 0.76) for the Boost
CTV, respectively (Table 3). As for Elective CTV in Case
1, only 2 centres significantly diverged from the reference.

The mDSI value excluding these centers was recalculated,
resulting increased from 0.68 to 0.72.

Discussion

Loco-regional recurrence in resected PC is a significant
problem with a reported rate of 70-80% [1-5]. Aiming
to improve tumor local control with lower toxicities by
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Table 3 DiceSimilarity Index (DSI) values for Elective and
Boost CTV for Case 1 and Case 2

Elective CTV Boost CTV

Centre Case 1 Case 2 Case 1 Case 2
1 0.66 068 063 052
2 0.74 0.6 0.25 0.39
3 0.73 0.79 0.65 0.67
4 0.74 *0.57 025 0.56
5 0.70 071 0.17 0.51
6 0.74 0.73 0.30 0.61
7 0.75 0.74 044 0.76
8 0.76 0.78 049 0.53
9 0.74 0.78 0.51 0.63
10 0.69 0.74 047 061
1 063 *0.35 041 049
12 *0.19 0.62 042 0.54
13 0.64 068 ND 031
14 RC RC RC RC
15 0.65 0.75 047 0.68
16 0.79 0.75 0.54 0.63
17 0.70 0.76 ND ND
18 0.66 0.73 0.54 0.7
mDS| 0.68 0.68 044 052
range (0.19-0.79) (035-0.79) (0.17 - 0.65) (031-0.76)

mDSI: mean DSI; RC: reference centre; ND: not delineated; centers significantly
diverged from the reference (asterisk).

conformal RT or IMRT technique, an extremely accur-
acy in definition and delineation of target volumes and
risk structures is required. The promotion of contouring
guidelines might help to achieve this goal, as well as to
reduce the observational variability [11-15] and the im-
pact that different contouring could have on the dose dis-
tribution to the CTV and the OAR [21]. Indeed, increasing
data showed that the technical quality and administration
of radiation therapy or deviations from established QA
guidelines had have a relevant impact on clinical outcomes
[22] and that standardized atlases of critical radiologic
anatomy tailored for radiation therapy and case examples
could improve protocol treatment compliance [23].

Until few years ago, the CTV definition in PC has been
referred to bone boundaries, so that resulting in conven-
tional large-field radiation treatment [24,25]. Since a con-
siderable inter-individual anatomical variability for the
abdominal vessels was shown with a substantial variability
in CTV, RT planning for regional lymphatic of the upper
abdomen should be based on identifiable anatomical re-
gions of interest [11,26]. On the basis of these consider-
ations, some CTV delineation criteria have been selected
and proposed as national guideline [12-15].
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In our study, we noted a relatively low variability of
the inter-observer delineation of the Elective CTVs, in
both cases, as expressed by the CV (28.8% and 20.0%
in post-operative and pre-operative case, respectively).
These results could be considered relevant if com-
pared with our previous evaluations in other anatom-
ical sites [17,18].

Looking the SD for the cranio-caudal, anterio-posterior,
and latero-lateral diameters of the Elective CTVs, the
greatest variation was observed in the cranio-caudal diam-
eter (2.7 and 2.5 in post-operative and pre-operative case,
respectively) (Tables 2), especially in the caudal direction
(Figure 2). These discrepancies could be related to the fact
that for head of pancreas lesions, the inferior limit of RT
standard field is often considered at the level of the second
or third lumbar vertebra (L2-L3) [24,25]. This, in some
centres, may have led to a misunderstanding compared to
than suggested by Goodman KA et al. [12] in adjuvant set-
ting (bottom of the third lumbar vertebra) and by Cara-
vatta L et al. [14] for neoadjuvant/exclusive setting (caudal
margin matches with the inferior mesenteric artery origin)
for tumors sited at the uncinate process, as in both pro-
posed cases.

The relatively low variability of the Elective CTVs, in
both cases, was confirmed by the mDSI of 0.68 in both
cases. In addition, the mDSI was increased up to 0.71
(post-operative RT) and 0.72 (pre-operative RT) when
the observers with a worse agreement with the reference
centre have been excluded. To the best of our know-
ledge there are no experiences evaluating DSI value for
the inter-observer variability in the volumes delineation
of abdominal RT. Furthermore, although values of DSI
up to 0.85 have been reported for other anatomical sites
(prostate, lung, and breast, i.e.) [20,27] it is believed that
0.68 obtained in our study can be considered a good
value, taking in account that it is referred to the delinea-
tion of lymph node areas rather than to a well-defining
organ, such as the prostate.

The significant variability in Boost CTV delineation in
the post-operative case (Case 1, Table 3) might be re-
lated to a more difficult identification of the reference
structures in the post-surgery imaging.

Otherwise, regarding pre-operative RT (Case 2), the
lack of recognized guidelines about the GTV margin to
define the CTV could be identified as the main cause of
the increased variability of the Boost CTV compared to
the Elective CTV (Table 3). Indeed, studies on patho-
logic reports suggest margins from 10 to 30 mm around
the GTV [5,28]. This might have led to the larger vari-
ability in comparison to the study by Yamazaki H et al,,
evaluating the inter-observer variance in GTV delineat-
ing in patients with unresectable pancreatic cancer. The
mean GTV of the pancreatic head cancer was 34.8 cc
(SD, 30.4 cc; median, 31.8 cc; range, 13.5-122 cc) [29],



Caravatta et al. Radiation Oncology 2014, 9:198
http://www.ro-journal.com/content/9/1/198

however in Yamazaki’s study the radiation field was fit-
ted to GTV (CTV = GTV) without ENI.

Furthermore, looking to the qualitative analysis
(Table 1), some critical issues that may have an impact
on the variability in the definition of CTVs in routine
clinical practice can be detected. The administration of
intravenous contrast during planning CT scan as well as
the merging with the staging imaging set seems not to
be a primary requisite for the identifications of the refer-
ence structures. In fact, only 6 centres (33.3%) declared
to routinely use intravenous contrast-enhanced planning
CT scan and performed co-registration of staging im-
aging with the planning CT scan. A study where
contrast-enhanced planning CT scan is used could be
rescheduled to assess a probable reduction of inter-
observer variability.

On the other hand, programs of collaboration with ra-
diologists and/or nuclear physician are not routinely ap-
plied (Table 1). In fact, 15 radiation oncologists (83.3%)
stated to require the collaboration of radiologists and/or
nuclear physician for CTVs delineation only for cases of
more difficult interpretation. Finally, 8 centres (44.4%)
reported that they never or almost never require MRI or
CT-PET for CTVs contouring in daily clinical practice.

The use of a CT-simulation without use of intravenous
contrast could be represent one limitation of this study,
but actually it was our precise choice aimed to give free-
dom in set-up defining according to own protocols and
to get as much as possible closer to routinely clinical
practice, given that in most Italian and European cen-
tres, the CT-simulation is performed without intraven-
ous contrast. In order to evaluate the possibility of
improving the results recorded in this analysis, we plan
a further study in which the interobserver variability will
be assessed on the basis of a contrast-enhanced CT and
/ or MRI image fusion with CT-simulation images.

Further limitation of our analysis is that it does not
provide information about PTV margins, because the
main aim was to evaluate the interobserver variability
only in terms of CTV. Since significant changes may be
also affected by the organ motion and more generally by
the margins from CTV to PTV, further analysis are
needed to evaluate this important potential source of
variability in the definition of the target, as well as to de-
termine the potential dosimetric impact of an incorrect
definition of the target, both with standard (3D-CRT)
and advanced (IMRT, VMAT) techniques.

Conclusions

The obtained values of CV and mDSI for Elective CTVs
showed an acceptable agreement, in both post-operative and
pre-operative case. Based on these results we can conclude
that the availability of national reference criteria has pro-
duced good results. Additional strategies to further increase
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the agreement in Elective CTV and reduce variability in
Boost CTV delineation may be sought by implementing the
routinely use of intravenous contrast-enhanced planning CT
scan and multi-modality imaging co-registration tech-
niques and by promoting collaborative multidisciplinary
programs involving radiologists and/or nuclear physician.
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