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Aim: Aim of this study was to perform a planning feasibility analysis of a 3-level dose
prescription using an IMRT-SIB technique.

Background: Radiation therapy of locally advanced pancreatic cancer should administer a
minimum dose to the duodenum and a very high dose to the vascular infiltration areas to
improve the possibility of a radical resection.

Materials and methods: Fifteen patients with pancreatic head adenocarcinoma and vascular
involvement were included. The duodenal PTV (PTVd) was defined as the GTV overlapping
the duodenal PRV. Vascular CTV (CTVv) was defined as the surface of contact or infiltration
between the tumor and vessel plus a 5mm margin. Vascular PTV (PTVv) was considered as
the CTVv plus an anisotropic margin. The tumor PTV (PTVt) was defined as the GTV plus a
margin including the PTVv and excluding the PTVd. The following doses were prescribed:
30Gy (6 Gy/fraction) to PTVd, 37.5Gy (7.5 Gy/fraction) to PTVt, and 45 Gy (9 Gy/fraction) to
PTVv, respectively. Treatment was planned with an IMRT technique.

Results: The primary end-point (PTVV Dmean>90%) was achieved in all patients. PTVv
Dogy, >90% was achieved in 6 patients (40%). OARs constraints were achieved in all patients.
Conclusions: Although the PTVv Dgsy, >95% objective was achieved only in 40% of patients, the
study showed that in 100% of patients it was possible to administer a strongly differentiated
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mean/median dose. Prospective trials based on clinical application of this strategy seem to
be justified in selected patients without overlap between PTVd and PTVv.

© 2016 Greater Poland Cancer Centre. Published by Elsevier Sp. z o.0. All rights reserved.

1. Introduction

Pancreatic carcinoma is one of the neoplastic diseases with
the worst prognosis. Radiation therapy has been used both as
adjuvant and curative treatment. However, the ability to use
effective doses is limited by the presence of the surrounding
radiosensitive organs (kidney, intestine, stomach, liver, spinal
cord). Hence, it is difficult to administer to the tumor a high
dose of radiation. This is probably one of the reasons for the
disappointing clinical results, with a median survival around
10-12 months in patients with advanced disease’? and around
20-24 months in patients with resectable disease.’

Recently, it has been proposed by some authors to use
stereotactic body radiation therapy (SBRT) for the treat-
ment of these tumors.*'® The use of stereotactic techniques
is theoretically useful to administer high doses of radia-
tion to the tumor with optimum sparing of organs at risk
(OARSs). Furthermore, SBRT treatment has other advantages
and particularly its brevity. This enables an easy integra-
tion with chemotherapy and the improvement of patients
quality of life. Three recent reviews of the literature,’??
focused on the few experiences available in the scientific
literature, highlighted that (1) treatment with radiosurgery
of pancreatic tumors produces survival results similar to
those recorded in series based on prolonged chemoradia-
tion; (2) the main limitation of this technique is the high
incidence of duodenal complications (bleeding, ulceration,
perforation).

More recently, the possibility of administering SBRT treat-
ments with intensity-modulated techniques (IMRT) based on
the use of a Simultaneous Integrated Boost (SIB) has been
proposed.”’ This method allows to simultaneously administer
different doses of radiation within the target. Therefore, the
use of this technique may allow the administration of a high
radiation dose to the target, while delivering a reduced dose
to the Planning Target Volume (PTV) subvolume overlapping
the duodenal wall.?>?3

Furthermore, several authors proposed the use of radio-
therapy as preoperative treatment.”*?® The reason is that
most patients have a locally advanced and, therefore,
unresectable tumor at diagnosis. Typically, the reason for
unresectability is the infiltration of the blood vessels close to
the pancreas (mainly the superior mesenteric artery and vein
and the celiac trunk). Some studies on the use of preopera-
tive radiotherapy and chemoradiation showed the possibility
to achieve a radical resection even in patients with initially
unresectable disease. However, the success rate is still low
(about 25-30%)?’ because of the limits in the radiation dose
that can be safely administered in this anatomical region.

In view of this problem, some authors proposed once again
the use of IMRT-SIB, because of the opportunity to administer
a safe dose to the PTV and a higher dose to the tumor region

invading the blood vessels.?® This technique has the potential
to achieve a greater regression in this critical area of the tumor.

Both these strategies (sparing the duodenum and increas-
ing the dose to the vessels) seem reasonable and promising.
Therefore, it would be interesting to combine both of them. In
fact, a combination of these dose modulations into a 3 level
dose prescription can be hypothesized, with a lower dose to
PTV overlapping the duodenum, a high dose to vascular inva-
sion and an intermediate dose in the remaining PTV. However,
the mean diameter of locally advanced pancreatic carcinoma
being around 40-45 mm,?® the possibility to vary the dose in
such a small volume had never been hypothesized and tested
in these patients.

Therefore, the aim of this study was to perform a planning
feasibility analysis of a dose prescription in 3 levels within
a pancreatic tumor treated by SBRT. More specifically, using
the IMRT-SIB technique with 3 markedly different doses (in 5
fractions) was tested and evaluated.

2. Material and methods
2.1. Study design

A planning study was performed on a sample of 15 patients
with a histologically proven pancreatic head adenocarcinoma
deemed unresectable due to vascular involvement.

2.2. End-points

The primary end-point of the study was the rate of patients
in whom, respecting all OARs constraints and the constraint
PTVV Dyg, < 115%, the constraint Dmean >90% of the prescribed
dose was achieved for the 3 different PTVs. Secondary end-
points were the percentage of patients in whom, respecting
all OARs constraints and the constraint PTVv Dyy <115%, a
PTVv near minimum dose (Dggy,) > 90%, @ PTVV Dgse, > 95%, and
a median dose (Dsgy) > 95% were achieved.

2.3. Treatment simulation

The stereotactic body frame (SBF, Elekta, Crawley, UK) was
used for patients immobilization. It is an immobilization
device that defines a stereotactic system of coordinates for
the target position instead of basing on the anatomical land-
marks such as bony structures or skin markers.%3! To reduce
involuntary abdominal movements due to respiration, an
abdominal compressor is attached to the SBF by a rigid arc,
aiming at minimizing the mobility of targets close to the
diaphragm by mechanically pressing the patients epigastrium.
Organ motion due to residual respiratory movements, result-
ing in target displacement, was measured by performing
30 axial CT scans on the same slice during free breathing.
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Acquisition of axial images necessary for stereotactic local-
ization and plan optimization were taken by 3-mm scans
CT-simulation using the spiral technique. For small bowel
visualization, 2cc of oral Gastrografin, diluted in %2 liter of
water were given to each patient, 30 min before CT scans
acquisition.

2.4.  Volumes of interest definition and delineation

The following definitions for target volumes were used (Fig. 1).
A duodenal PTV (PTVd) was defined as the GTV overlapping
the duodenal PRV plus an anisotropic margin (5mm cranio-
caudal direction and 3 mm in the other directions). A vascular
CTV (CTVv) was defined as the surface of contact or infil-
tration between tumor and vessel plus 5mm margin around
the vessel (including the whole circumference of the vessel).
The vascular PTV (PTVv) was considered as the CTVv plus an
anisotropic margin (5mm craniocaudal direction and 3mm
in the other directions). The tumor PTV (PTVt) was defined
as the GTV plus an anisotropic margin (5mm craniocaudal
direction and 3mm in the other directions) including the
PTVv and excluding the PTVd. Target and OARs contouring
was performed by a radiation oncologist with the aid of a
radiologist using a CT-simulation performed in the arterial
phase. Practically, target delineation was performed as fol-
lows. As the first step, the GTV was contoured. Then, the
duodenum was delineated from the pylorus to the duode-
nojejunal junction. Then, the duodenum-PRV was defined
by adding 5mm in craniocaudal direction and 3mm in the
other directions. After identification of the overlap between
GTV and duodenum-PRV, the same margins (3-5mm) were
added to this volume and the volume defined in this way
was considered as PTVd. Then, the site of vascular infiltration
was identified and the involved vessel was contoured, with
a circumferential margin of 5 mm, for the whole craniocaudal
extension of infiltration or contact between GTV and vessel (or
vessels, in case of the involvement of more than one vascular
structure). This volume was defined as CTVv. Adding the same
margins (3-5mm), the resulting volume was defined as PTVv.
Finally, the remaining GTV, plus the margins indicated above,
was defined as PTVt including all the PTVv and excluding the
PTVd. The organs at risk were delineated as indicated in the
RTOG atlas. More specifically, the kidneys (the two entire vol-
umes, separately) and the liver (including the entire volume)
were considered and contoured. Stomach, small bowel, colon
and spinal cord were also outlined from 20 cm above the GTV
cranial margin to 20 cm below the caudal GTV margin. PRVs
of these OARs were defined by adding an isotropic margin
of 5mm.

2.5. Dose levels and dose-volume constraints

The following doses were prescribed as the median dose (to a
total of 5 fractions to be delivered within a week) to the differ-
ent PTVs: 30 Gy (6 Gy/fraction) to PTVd, 37.5 Gy (7.5 Gy/fraction)
to PTVt and 45 Gy (9 Gy/fraction) to PTVv, respectively. In order
to facilitate a comparison with RT treatments performed with
conventional fractionation (2 Gy/fraction), these doses were

Table 1 - Patient characteristics.

No. %
Gender
M 7 46.7
F 8 53.3
Age, median (range) 65 (48-73)
Involved vessel
Celiac trunk 5 333
Superior mesenteric artery 8 53.3
Portal vein 2 13.3
Superior mesenteric vein 4 26.7
Tmor stage
T3 3 20.0
T4 12 80.0
Nodal stage
NO 9 60.0
N1 6 40.0
Tumor diameter, median (range), cm 3.8 (2.4-5.2)

recalculated in terms of “Equivalent Dose in 2-Gy fractions”
(EQD?2), using the formula:

d+ ;}
2+ 5
with «/B ratio of 10. The EQD2 to PTVd, PTVt, and PTVv
were equal to 40Gy, 54.7Gy, and 71.2Gy, respectively.
The dose-volume constraints were based on the AAPM
TG101 recommendations: Dmax 0f PRVgyodenum <32.0Gy,

Dmax Of PRVgpinalcord <30.0GY, Dmax Of PRVsiomach <32.0Gy,
D700cc liver <21.0 GY» D2o0cc kidneys < 17.5 GY'

EQD2 =D

2.6. Planning technique

Treatment for each patient was planned with a step and
shot IMRT technique, based on the class solution proposed
by Bouchard and colleagues.®” Briefly, a six-beams orienta-
tion technique was used, with gantry angles for five coplanar
incidence at 90°, 150°, 225°, 310°, and 350° with couch at
0°, while a gantry angle of 330° was with couch at 90°. This
last beam arrangement has the potential to decrease bilat-
eral kidney dose, a useful choice for patients with risk factors
for treatment related kidney dysfunction. Treatment planning
calculation was based on the following setting: maximum
number of segments/plan: 60, minimum segment area: 3 cm?,
minimum number of monitor units/segment: 2. All treatments
were planned for delivery using 6 MV photons produced by an
Elekta Precise linear accelerator equipped with a MLCi multi-
leaf collimator (1 cm leaf projected thickness at isocenter) and
capable of on board kilovoltage orthogonal planar imaging.
All plans were generated with Oncentra Masterplan treatment
planning system (Elekta, Crawley, UK). Dose specification and
nomenclature were according to the ICRU report 83.3° Dose
calculation was performed using the pencil beam algorithm
with inhomogeneity correction and a dose grid resolution of
0.2cm. An example of treatment planning with dose distribu-
tion and DVH is shown in Fig. 1a and b.
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Fig. 1 - (a) Axial, sagittal and coronal slice isodose distribution of SBRT (IMRT-SIB) respecting all constraints (OARs, PTVv
D¢, and Dmean). The following volumes are shown: Duodenum (blue), PTVd (clear blue), PTVt (red) and PTVv (violet). (b)
Dose-volume histogram for PRVd, PTVd, PTVt, PTVv of the same patient respecting all constraints (OARs, PTVV Dsy,, Dmean)-

2.7.  Plan evaluation and statistical analysis

Dosimetric parameters of the PTVs (PTVd, PTVv, PTVt) and
PRVs (duodenum, spinal cord, stomach, liver and kidneys)
were evaluated using data from tabular cumulative dose-
volume histograms (DVHs). Results are reported as a mean
value and ranges of each dosimetric parameter.

3. Results
3.1. Patients characteristics

Fifteen patients with pancreatic head carcinoma, unresectable
due to vascular infiltration, were included in this study. Patient
characteristics are shown in Table 1. In all patients the target
motion, measured as previously described, was <5 mm in the
cranio-caudal direction and <3 mm in the other directions.

3.2.  Planning results

The planning results are shown in Table 2, while Fig. la
shows an example of contouring and isodose distribution in
one patient and Fig. 1b shows the DVH of the same patient,
whereas Fig. 2 illustrates the overall planning results graphi-
cally. Overall, the primary end-point (PTVV Dmean >90%) was
achieved in all patients. Both PTVv Dggy >90% and PTVv
Dgsy, >95% were achieved in 6 patients (40%). OARS Dmax CcOn-
straints were achieved in all patients. Also volume-constraints
for parallel OARs were well within objectives: for the liver
mean Dygocc Was 0.9 Gy (range: 0.0-2.3 Gy) and for kidney mean
Dooocc Was 3.0Gy (range: 0.3-7.6 Gy). PTVv Dy, was <115% in
all patients. Finally, in all patients Dgg, Was >95% of the pre-
scribed dose for the 3 different PTVs. The mean number of
segments per plan was 58 (range: 54-60). Mean number of
monitor units was 1732 (range: 1335-1995).
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Table 2 - Planning results (Gy).

Objectives Mean (range)
PTVu (45.0 Gy)
Dmean 45.0 45.9 (41.5-48.0)
Bl >40.5 36.9 (28.4-44.9)
B >427 38.7 (29.7-45.3)
Dsgo, 450 46.5 (42.8-48.6)
Dy, <49.5 49.7 (48.8-51.1)
PTVt (37.5 Gy)
Dinean 375 42.5 (38.8-45.2)
Dogy, >33.8 31.4 (27.5-33.5)
Dos, >35.6 33.1 (28.1-35.7)
Dsgos 37.5 42.6 (37.8-46.5)
PTVd (30.0 Gy)
Dmean 30.0 30.4 (29.0-32.1)
Dosy, >27.0 28.0 (24.8-30.2)
Dosg, >28.5 28.5 (26.5-30.4)
By 30.0 30.1 (28.5-31.9)
Duodenum (PRV)
Dmax <32.0 31.6 (30.2-32.0)
Dy 29.5 (28.0-30.3)
Spinal cord (PRV)
Dinax <300 14.5 (6.2-29.6)
Bl <30.0 13.8 (5.2-29.0)
Stomach (PRV)
Dimax <32.0 23.4 (1.6-31.8)
Das, <30.0 19.2 (0.9-27.8)
Liver
Byiiee <21.0 0.9 (0.0-2.3)
Dserm Minimize 3.1 (1.0-5.6)
Kidneys
D2ooce <17.5 3.0 (0.3-7.6)
Dmean Minimize 5.5 (3.4—8.2)

4. Discussion

Locally advanced pancreatic carcinomas represent a difficult
therapeutic challenge. In these patients, RT has been used
both for symptomatic relief and to increase the probability of
radical surgical resection. SBRT is an emerging RT technique
for pancreatic tumors, based on high dose irradiation in few
fractions on the primary tumor alone, unlike traditional tech-
niques including prophylactic nodal irradiation. The omission
of nodal irradiation could be considered as a negative issue,
given the high incidence of nodal metastases in pancreatic
carcinoma. However, this choice may be acceptable assum-
ing that: (1) RT to advanced pancreatic tumors has usually
a palliative purpose; (2) lymph node metastases rarely cause
symptoms.

As explained before, in some cases treatment may have a
neoadjuvant purpose, with the aim to promote tumor down-
staging, especially in cases of vascular infiltration. In fact,
vessels involvement is usually the reason for unresectabil-
ity, unlike nodal metastases. Moreover, it has to be considered
that in case of surgery, lymph node metastases are generally
removed. Most importantly, even if clinical experience of SBRT
is still preliminary, the survival results seem similar to those
of standard concurrent chemoradiation.?

Therefore, there are two different aims in RT of
advanced pancreatic cancer: treatment either for palliative or

Mean dose

I3

.E ¥ Dmean>90%
_% ¥ Dmean>55%
e * Dmean>100%

PTVV PTVt PTVd
Near-minimum dose

&

2 ¥ D98%>70%
2 ¥ D98%>80%
[

& " D98%>90%

PTVV PTVt PTVd
Target coverage

I

8 " D95%>80%
. = D95%>90%
(1]

& D95%>95%

PTVV PTVt PTVd

Fig. 2 - Graphical illustration of the overall planning results.

neoadjuvant purposes. The different intentions obviously lead
to varying RT prescriptions. In palliative treatments, a mod-
erate dose should be prescribed to avoid radiation induced
toxicity since the goal of therapy is to improve the quality of
life. In neoadjuvant treatments, it is preferable to use a high
dose, since the risk of duodenal toxicity is avoided by surgi-
cal removal of the duodenum. The choice of treatment aim in
some cases is quite obvious. For example, in a patient with a
complete inclusion of the celiac trunk, it is difficult to expect
a downstaging effect able to allow radical surgery. However, in
many other cases, the choice is not that obvious. In fact, only
after the response evaluation it is possible to know whether
the achieved RT effect was only palliative or able to achieve
a radical surgical resection. Therefore, in clinical practice, the
choice of the treatment goal cannot always be clearly defined.

Our study question originated from these practical clinical
considerations. Is a treatment feasible which simultaneously
guarantees to most patients a palliative effect without seri-
ous toxic effects, with the highest possibility to undergo
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radical resection? Therefore, an original scenario based on
the combination of two strategies (more dose to the vascular
involvement and less dose to the duodenum) was hypothe-
sized. To achieve this result a strongly inhomogeneous dose
distribution was accepted and actually pursued. If SBRT, unlike
standard RT, is based on a higher dose to the target center to
improve the dose gradient at target periphery, in this specific
study an extreme dose inhomogeneity had the supplemen-
tary goal to achieve two different but contemporary clinical
objectives.

The study was based on the use of a dose of 45 Gy in 5 frac-
tions for PTVv, and 30 Gy in 5 fractions for PTVd. This choice
was based on several considerations. A dose of 45Gy in 9Gy
fractions corresponds to an equivalent dose in 2 Gy (EQD2) of
71.2 Gy for acute responders tissues as the tumor («/g ratio:
10). This is a dose markedly higher compared to preopera-
tive RT studies and, therefore, potentially more effective than
standard regimens. The dose of 30Gy to PTVd corresponds
to a EQD; for the late effects of 54 Gy, using an «/f ratio of
3. In this case it is a dose lower (even if close) to the maxi-
mum tolerable dose for the duodenum (55 Gy). At the same
time, it corresponds to an EQD, of 40Gy for acute respon-
ders tissues (as the tumor) using an «/g ratio of 10. This dose
can be considered sufficient to achieve a palliative effect. In
fact, in our previous pilot study, a dose of 30 Gy in 10 fractions
(3 Gy/fraction; EQD;: 32.5Gy) produced a complete response
of pain in 50% of patients with a partial response in a further
25% of patients.?” Finally, the administration of a higher dose
(37.5 Gy, 7.5 Gy/fraction, EQD5: 54.7 Gy with o/ ratio of 10) to
part of the tumor could increase the palliative effect.

In this study, from GTV to PTV margins, for planning
purpose in all patients a radial margin of 3mm and a
cranio-caudal margin of 5mm were used. Although in pre-
vious studies of stereotactic radiation therapy lower margins
(2-4mm) were used,*'*'® we considered that these larger
margins were more reasonable and prudent, with the aim
of avoiding marginal misses. In fact, based on the results of
a study on organ motion in patients with locally advanced
adenocarcinoma of the pancreas, margins of GTV to 10 mm,
7mm, and 6 mm in the cranio-caudal, anterior-posterior and
medial-lateral direction were recommended, respectively.*>
Furthermore, in a study on the effect of abdominal compres-
sion, it was observed that with the use of this technique, a
cranio-caudal margin of 5 mm is sufficient in 93% of cases.*

Furthermore, in this study we defined the vascular CTV by
using a 5mm margin around the infiltrated vessels. Vascu-
lar infiltration by pancreatic adenocarcinoma derives from the
invasion of perivascular lymphatic vessels and from perineu-
ral extension around the vascular wall.>® In order to obtain an
adequate plan for surgical resection we considered as reason-
able the delivery of an ablative dose to a 5Smm thick tissues
surrounding the vascular wall.

We must admit that the choice of the Diean as the primary
objective of the study is not totally conventional. In fact, the
ICRU report 83 recommends the use of multiple dose-volume
constraints (Dmean, Dog%, Dos%, Dos).>¢ However, in the same
report it was stated that the desired absorbed dose might be
difficult to achieve, particularly in case of overlapping volumes
(between PTV and PRV) and conflicting absorbed-dose objec-
tives. In these cases, the ICRU 83 report suggests the use of two

different methods. One is represented by dividing the PTV in
different segments, some of which contain the overlapping
volumes. In the other strategy “the absorbed-dose objectives
for planning are relaxed for one or more of the contoured
volumes that exhibit overlap regions”.>® In some way, by con-
temporarily using different PTV and prioritizing the objective
of the mean target dose, we tried to achieve “a controlled
underdosage of a volume inside the PTV”.%®

We believe that this choice may be clinically acceptable,
considering that the proposed treatment does not have the
aim of an exclusive therapy but a palliative and/or neoad-
juvant purpose. Moreover, it should be emphasized that
the achievement of the Dmean and Dsgy, Objectives was not
obtained at the expense of an extreme overdosing in PTV sub-
volumes. In fact, in all patients the constraint PTVv Dy¢, < 115%
was respected.

Furthermore, it can be observed that our dosimetric results
were recorded using widely available MLCs (10 mm leaf thick-
ness) and commonly used setting parameters (segment/plan
< 60). These results could have been improved by using 5 mm
leaf thickness and a larger number of segments.

In conclusion, even if the objective of PTVv Dgsy, >95% was
achieved only in 40% of patients, the study showed that in
100% of patients it was possible to administer a strongly dif-
ferentiated mean and median dose, and in particular a low
dose to the overlap region between the target and duodenum,
a high dose to the site of vascular infiltration, and an interme-
diate dose to the remaining target volume. Finally, it should be
stressed that median dose (Dsgy) to PTVv was 42.8-48.6 Gy in
5 fractions, corresponding to an EQD, of 66.2-79.9 Gy (median:
71.2Gy). This equivalent dose is probably underestimated
since it does not take into account that treatment is performed
in a shorter time compared to standard treatments. Further-
more, this dose is definitely higher compared to standard
preoperative treatment of locally advanced pancreatic tumors
(median: 50.2 Gy, range: 45-55.8 Gy).”

Based on these results, prospective trials based on a clin-
ical application of this strategy seem to be justified, at least
in selected patients without overlapping between PTVd and
PTVv, to evaluate the clinical efficacy of this technique in the
setting of locally advanced pancreatic carcinoma.
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