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Abstract

Background: Neoadjuvant radio(chemo)therapy of non-metastasized, borderline resectable or unresectable locally
advanced pancreatic cancer is complex and prone to cause side-effects, e.g., in gastrointestinal organs. Intensity-
modulated proton therapy (IMPT) enables a high conformity to the targets while simultaneously sparing the normal
tissue such that dose-escalation strategies come within reach. In this in silico feasibility study, we compared four
IMPT planning strategies including robust multi-field optimization (rMFO) and a simultaneous integrated boost (SIB)
for dose-escalation in pancreatic cancer patients.

Methods: For six pancreatic cancer patients referred for adjuvant or primary radiochemotherapy, four rMFO-IMPT-
SIB treatment plans each, consisting of two or three (non-)coplanar beam arrangements, were optimized. Dose
values for both targets, i.e., the elective clinical target volume [CTV, prescribed dose Dpres = 51Gy(RBE)] and the
boost target [Dpres = 66Gy(RBE)], for the organs at risk as well as target conformity and homogeneity indexes,
derived from the dose volume histograms, were statistically compared.

Results: All treatment plans of each strategy fulfilled the prescribed doses to the targets (Dpresrv.cryy = 100%,
DososcTv.cy) 2 95%, Daoscrvicryy < 107%). No significant differences for the conformity index were found (p > 0.05),
however, treatment plans with a three non-coplanar beam strategy were most homogenous to both targets (p <O.
045). The median value of all dosimetric results of the large and small bowel as well as for the liver and the spinal
cord met the dose constraints with all beam arrangements. Irrespective of the planning strategies, the dose
constraint for the duodenum and stomach were not met. Using the three-beam arrangements, the dose to the left
kidney could be significant decreased when compared to a two-beam strategy (p < 0.045).

Conclusion: Based on our findings we recommend a three-beam configuration with at least one non-coplanar

beam for dose-escalated SIB with rMFO-IMPT in advanced pancreatic cancer patients achieving a homogeneous
dose distribution in the target while simultaneously minimizing the dose to the organs at risk. Further treatment
planning studies on aspects of breathing and organ motion need to be performed.
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Background

Neoadjuvant treatment in non-metastasized, borderline
resectable or unresectable locally advanced pancreatic
cancer (LAPC) aims at downsizing the tumor achieving
a tumor-free resection margin in order to increase both
local progression-free and overall survival rates since
surgical resection (RO) is the only curative treatment ap-
proach in LAPC. In current clinical practice, neoadju-
vant chemotherapy with FOLFIRINOX (fluorouracil,
leucovorin, irinotecan, and oxaliplatin) is standard of
care. In a recent systematic review and patient-level
meta-analysis by Suker et al. [1], the median overall
survival following FOLFIRINOX was reported to be
24.2 months as opposed to 6—13 months following gemci-
tabine monotherapy. In the 11 studies reporting outcome
measures, the authors noted varying numbers of patients
undergoing a subsequent tumor resection or radio(che-
mo)therapy. Therefore, the authors pledge for a prospect-
ive randomized clinical trial addressing the questions on
effectiveness and safety of FOLFIRINOX as well as on op-
timal patient-tailored subsequent treatment.

In the era of three-dimensional conformal radiother-
apy (3D-CRT), radiotherapy doses for LAPC patients
were hampered by radiosensitive organs at risk (OARs)
in proximity of the pancreas thus prohibiting an ad-
equate dose to the target volume. Technical radiation
delivery developments in the field of photon-based
radiotherapy, i.e., intensity-modulated radiation therapy
(IMRT) or stereotactic body radiotherapy (SBRT), enable
conformal dose distributions to complex target volumes
and, the first, also simultaneous integrated boost (SIB)
concepts [2-8]. In the most recent clinical study on
dose-escalation to a total dose of 66Gy to the boost tar-
get using an IMRT-SIB technique with Tomotherapy,
Zschaeck et al. [6] have reported small numbers of pa-
tients suffering from acute radiation-induced grade 3
(nausea, abdominal pain and fatigue) or grade 4 (gastro-
intestinal bleeding) toxicities in a cohort of 28 patients.
Meanwhile, results of the prospective phase III PREO-
PANC study, a randomized, controlled, multicentric su-
periority trial combining hypofractionated radiotherapy
(15 x 2.4Gy) with gemcitabine (1000 mg/m?®) on days 1,
8, 15, preceded and followed by a modified course of
gemcitabine, are eagerly awaited [9].

In recent years charged particles (protons and carbon
ions), have been suggested to enable the delivery of a
higher radiation dose to the target while at the same
time reducing dose to the normal tissues [10]. The phys-
ical properties of this alternative radiation modality with
a low entrance dose, the maximum dose deposition at
the Bragg-Peak, and a steep dose fall-off distant to the
Bragg-Peak may further improve the therapeutic possi-
bilities in the anatomical setting of the pancreas with its
close-by OARs. Indeed, in the past, different studies
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reported that a dose-escalated, passively scattered proton
therapy (PSPT) of 59.4Gy(RBE) to 70.2Gy(RBE) to the
planning target volume (PTV) with concomitant chemo-
therapy (gemcitabine) enabled a resection for initially
borderline resectable pancreatic cancer patients, with fa-
vorable survival rates and freedom from local progres-
sion [11-15]. A very recent publication on a phase II
clinical study (in total 44 patients) combining (4—8 cycles
of) neoadjuvant FOLFIRINOX with short-course radio-
therapy [5 x 5Gy(RBE) with PSPT (N =15) or 10 x 3Gy
with photons (N =12) depending on availability] in
clearly resectable disease without vascular involvement
or long-course radiotherapy (28 x 1.8Gy with photons;
N =17) in the remaining non-metastasized patients, re-
ported remarkable outcome [16]. An RO-resection was
achieved in 65% of the evaluable patients with a median
progression-free survival of 14.7 months and a 2-year
overall survival of 56%. Only 6% of the patients experi-
enced an isolated locoregional recurrence as the initial
site of treatment failure.

In previously published comparative treatment plan-
ning studies for PSPT and pencil-beam scanning (PBS)
for treatment of pancreatic cancer, the dosimetric advan-
tage of proton therapy over photons could be shown.
However, varying numbers and directions of the applied
fields were used due to the complex abdominal anatomy
and the lack of consensus guidelines [17-23]. In order
to reduce dose to the OARs and enabling sufficient dose
to the complex target of the pancreas and elective lymph
nodes, intensity-modulated proton therapy (IMPT) with
PBS is of great advantage. Moreover, multi-field
optimization (MFO) for IMPT provides a high degree of
dose modulation by optimizing all spots and their ener-
gies of each field taking into account the OAR dose con-
straints. One of the major challenges in proton beam
therapy, in particular of pencil beam scanning, is its high
sensitivity to changing anatomy caused by, i.e., organ
motion, density changes, and positioning errors. How-
ever, to tackle these uncertainties, the number of beams,
the beam direction, and robust treatment planning
algorithms can improve the robustness of an IMPT plan.
Robust treatment planning algorithms take into account
setup and density uncertainties resulting from setup
errors due to patient positioning or from converting the
computed tomography (CT) number into stopping
power ratios, respectively [24, 25]. Thus, the proton
treatment technique as well as the beam directions
should both be chosen cautiously.

The aim of this retrospective, in silico treatment
planning study was to prove the feasibility of robust
multi-field optimized IMPT (rMFO-IMPT) treatment
planning for the SIB technique with dose escalation in
the gross tumor volume in pancreas while meeting the
OARs dose constraints.
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Methods

Patient and tumor characteristics

Six patients with a non-resectable LAPC or locally recur-
rent pancreatic cancer (LRPC) having received primary or
adjuvant radiochemotherapy with Tomotherapy-based
photon therapy at the Charité Universititsmedizin Berlin
were selected for this comparison (Table 1) [6]. For each
patient, a free-breathing treatment planning CT (Sensa-
tion Open, Siemens Healthineers, Erlangen, Germany) in
supine position had been acquired with a 2 mm slice
thickness.

Dose prescription and treatment planning

On the treatment planning CT, the gross tumor volume
(GTV), serving as target volume for the boost, consisted
of the primary or recurrent tumor, and the CTV in-
cluded the putative microscopic tumor extension and
the regional lymph nodes [6]. Furthermore, the following
OARs were contoured: spinal cord, liver, right and left
kidney, stomach, duodenum, small bowel and large
bowel. In all patients, the OARs overlapped with the
GTV and/or CTV (Table 1) resulting in careful balan-
cing of the maximum tolerable dose versus coverage of
the target volume (no planning risk or integrated protec-
tion volumes were generated). For each patient, four dif-
ferent rMFO-IMPT plans with a SIB were generated
using the treatment planning system RayStation Re-
search V5.99 (RaySearch Laboratories AB, Stockholm,
Sweden). The treatment plans were optimized to deliver
at least 95% of the prescribed doses (DpresiaTv, cTV) =
100% relative dose) of 66Gy(RBE) and 51Gy(RBE) to
95% of the GTV and the CTV (Dgsy, = 95%), respectively.
The near dose maximum in 2% of the volume (Dyy) was
not to exceed 107% of the Dy, in each target. The plan
objectives and weights in the plan optimizer for the
OARs were chosen taking into account the institutional
guidelines and QUANTEC dose constraints as summa-
rized in Table 2 [26]. It has to be mentioned that reduc-
tion of the dose to the overlapping OARs such as
duodenum and parts of the stomach and the small bowel
were of less priority due to the pancreatoduodenectomy

Table 1 Patient, tumor and treatment characteristics
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Table 2 Dose constraints for the organs at risk adhering to the
local guidelines and QUANTEC [26]

OAR Dose constraint
Spinal cord Dinax <45 Gy
Liver Dinean <30 Gy
V3oay < 30%
Kidney Dinean <18 Gy
Viagy < 55%
Vooay < 32%
Stomach Diax < 54 Gy
Vsogy < 2%
Vasay < 25%
Duodenum Dinax <55 Gy
Vasay < 25%
Large Bowel Visgy <120 ccm
Small Bowel Visgy £ 120 ccm

Abbreviations: Dpqa maximum dose, Dyeqn mean dose, Vg, volume
receiving x-Gy

after radiotherapy. To guide the dose fall-off from the
GTV to the CTV within a range of 10 mm, an auxiliary
ring structure (GTViomm; Additional file 1: Figure S1)
was used. A further auxiliary structure termed CTVyy,
defined as the CTV minus the GTV and the GTVopmm
[CTVgqa =CTV - (GTV + GTVipmm)], was created in
order to lead the optimizer to a homogeneous dose dis-
tribution to this remaining CTV and to exclude the high
dose gradient volume for evaluation. Several auxiliary
structures were used to reduce the dose to the OARs
and to avoid hot spots outside the target volumes. Fur-
thermore, more than 100 iterations were performed for
an adequate plan optimization using the pencil beam al-
gorithm. Since a CTV-based treatment planning concept
was used, robust optimization was applied to account
for a random setup uncertainties of 3 mm in each or-
thogonal direction and a systematic range uncertainties
of 3.5% in the optimization for both target volumes. In
all treatment plans the Dyea, Of the boost target (GTV)
was normalized to Dp,es = 66 Gy(RBE).

Four different field-setups were generated, while beam
angles were chosen individually taking into account the
patient’s anatomy [27]:

Patient Gender Primary tumor TN Treatment intent

Resection of Volume [ccm]  OARs within or immediately

location Classification duodenum GV TV adjacent to targets

1 M head pT3 pNO primary yes 254 2044  Small bowel, large bowel, liver, left kidney

2 M head pT2 pNO primary yes 899 2863 Small bowel

3 F head cT3 cNO primary yes 582 1442  Small bowel, liver

4 M body cT4 cN1 primary no 1230 356.7 Duodenum, small bowel, liver, large bowel

5 M body + tail pT3 pNO adjuvant no 390 5773  Duodenum, small bowel, liver, stomach,
(individualized treatment) large bowel

6 M body cT4 cN1 primary no 90.7 1977  Duodenum, small bowel, stomach,

large bowel
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(S1) two posterior oblique beams,

(S2) a lateral right beam and a left posterior oblique
beam,

(S3) two oblique posterior beams plus a right-sided
non-coplanar beam, and

(S4) three non-coplanar beams from posterior and the
right side.

All  beams
algorithm.

For the dose calculation, the beam model of the IBA
universal nozzle of the University ProtonTherapy Dres-
den without a range shifter was used. The distance of
the nozzle to the gantry isocenter was fixed to 50 cm.
The spot size sigma (in air) of the pencil beam ranged
from 4 mm for 230 MeV to 8 mm for 100 MeV. The
dose distribution, calculated in a dose grid of 3 mm x
3 mm x 3 mm with the pencil beam algorithm, was a
superposition of all pencil beam spots of protons with a
RBE of 1.1, whereas positions and spot distances were
set by the treatment planning system.

were weighted by the optimization

Treatment plan evaluation

For each patient and planning strategy, the dose dis-
tribution and the dose volume histograms (DVH) of
the targets and the OARs were approved and deemed
clinically acceptable by a radiation oncologist based
on the predefined dose constraints, as listed in Table
2, using the RayStation evaluation tool. Due to
varying ratios of the CTV-GTV and the CTV,.,, the
dose distributions of both structures were evaluated
(Additional file 1). Furthermore, Paddick’s conformity
index of both target volumes, GTV and CTV, were
calculated [28]. The homogeneity index (HI), defined
as (Dso-Dosy/Dpres) x 100, was determined for the
GTV and the CTV ..

In order to prove the robustness of the targets, the
dose distributions of eight possible scenarios were calcu-
lated based on the nominal treatment plan considering
displacements of the patient in each orthogonal direc-
tion (x,y,z = +3 mm) and density errors of +3.5%. We de-
fined a treatment plan as robust if the dose coverage in
each scenario met at least the target dose constraints of
Dosy, = 95% and Dy, < 107%.

Statistical analyses

The non-parametric Friedman test (@ = 0.05, significance
at p < 0.05) was performed to detect statistically significant
differences among the four strategies regarding the me-
dian values for doses to targets and OARs, or target CI
and HI. In case of statistical significance, the respective
median values were compared using the non-parametric
post hoc test of Dunn with a Bonferroni correction (a =
0.05, significance at p <0.05). Statistical analyses were
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performed using IBM® SPSS® Statistics (Version 25.0.0.1,
IBM Corp., Armonk, NY, USA). For subgroup analysis of
less than six patients, no statistical evaluation of dose
values was performed.

Results

The results of the patient individual beam angles of the
four different planning strategies are shown in Fig. 1 and
in Additional file 2. The beam directions were chosen ir-
respective of the primary target location in the pancre-
atic head or tail.

All treatment plans fulfilled the prescription dose re-
quirements of Dyean, Dosy, and Do, to the GTV as well
as Dosy, to the CTV and to the CTV-GTV (Fig. 2a,
Additional file 2). The Dean and Dyo, dose constraints
were met for the CTV,., however, the Dyy of the
CTV-GTV always exceeded the preset dose value of
107% due to the dose gradient (D, >125.9% of 51Gy,
Additional file 2). Comparing the four strategies in terms
of median values to the GTVs, the Dgso and D, of S2
were lowest and highest, respectively, in particular when
compared to S4 (p =0.002 and p =0.01, Additional file
3). The median D,,,, to the CTV,,, varied between the
four beam configurations, but only with a significant dif-
ference between S1 and S2 (p =0.005). The median CI
of the dose distribution to the GTV (S1: 0.68, S2: 0.74,
S3: 0.70, S4: 0.66) and the CTV (S1: 0.68, S2: 0.74, S3:
0.70, S4: 0.66) were similar among the four planning
strategies (p = 0.09 and p = 0.102, Fig. 2b, Additional file
2, Additional file 3). The median HI of the GTV statisti-
cally significantly differed between S2 and S4 (p =0.002)
and between S1 and S3 or S4 (p = 0.044 and p =0.01).

Depending on the chosen beam combination, the
doses to the OARs differed for the four treatment strat-
egies (Table 3, Fig. 2). For the stomach and duodenum
none of the beam configurations were favorable in terms
of lowest dose distributions to these OARs. Since half of
the patients had undergone a pancreatoduodenectomy,
the dose distribution to the duodenum could only be
evaluated for three patients (Table 1). In these patients,
the Dy« and the V456, dose constraints were not met
for any of the in silico treatment plans, respectively. For
the stomach the median Dy, per beam configuration
was also exceeded, but the median results of each strat-
egies were within the constraints for the near maximum
dose Dyy, and the volume parameters Vysg, and Vsogy
(Table 3, Fig. 2c). Slightly increased doses to the stomach
were found for targets located within the pancreatic
body (Additional file 4).

Although the large and small bowel were located
within or immediately adjacent to the GTV and CTV, il-
lustrated by the high Doy values, the median V,5¢, of
the small and large bowel met the pre-specified dose
constraint (Fig. 2d). While the median volumes of
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Fig. 1 Overview of the beam configurations and resulting dose distribution of the four different treatment planning strategies (51-54) evaluated
in this in silico treatment planning study. Coplanar beam directions are marked in white, non-coplanar beam directions in green. Moreover, the

range of applied beam and couch angles in the six patients is given per beam direction. For patient 2, the resulting dose distribution to the CTV
(violet) and GTV (orange) is shown as color wash superimposed on the planning CT

% of 66.00 Gy
110

Visgy <120ccm for the small bowel were similar for all
beam combinations, a statistically significantly increased
median value for the large bowel was found for S2 com-
pared to S1 (p =0.005). Furthermore, the median irradi-
ated volume to the large bowel for tumors within the
pancreatic body were higher for all strategies (Additional
file 4: E). Noteworthy, the median irradiated volumes of
the small bowel were not influenced by the different
treatment strategies for the subgroup of the pancreatic
body, whereas for the pancreatic head S4 reduced those
median irradiated volumes when compared to the other
strategies (Additional file 4: E).

The median Dyean, Vi2gy and Viogy to the kidneys
were met by all treatment planning strategies (Fig. 2e).
For the left kidney, the median values of these dose con-
straints were statistically significant lower for the
three-beam strategies (S3 and S4) compared to the
two-beam posterior-oblique strategy (S1, p <0.045).
For the right kidney, S2 resulted in statistically signifi-
cantly reduced doses to all dose constraints when
compared to S1 (p< 0.004), even though S3 and S4
also spared the radiation dose to the right kidney well
(not significant).

Regarding the spinal cord, the Dy,,, constraint (as well
as the D,y) was met by each planning strategy, albeit
that the median D,,, of S2 was statistically significantly
lower compared to the other strategies (p <0.001, Fig.
2f), respectively. The median Dyean and the Vo, of the

liver were within limits for all strategies, with the lowest
median dose value for S1 (Fig. 2f).

The robustness of the coverage of the CTV was reached
for all treatment plan of each strategy (Additional file 5:
E-H). Single scenarios did not fulfill the robustness con-
straint Dgsg for the GTV and D,y for the CTV,, (Add-
itional file 5: A-D), however, the dosimetric values were all
close to the minimum volume level for the coverage.

Discussion

In our feasibility study we compared dosimetric parame-
ters of four different robust multi-field optimized
IMPT-SIB strategies for dose escalation to 66Gy(RBE) in
locally advanced pancreatic cancer patients scheduled to
undergo adjuvant or primary radio(chemo)therapy. The
results show that treatment planning using a robust,
multi-field optimized proton technique with simultan-
eous integrated boost is possible using a two-beam- or a
three-beam-configuration. While the preset dose pre-
scriptions for the GTV as well as the CTV were reached
by all strategies, sparing of the OAR depended on the
number of beams chosen as well as on the primary
tumor location.

For radiation treatment of pancreatic cancer, treat-
ment planning of a SIB with an escalated dose inside
the boost using rMFO-IMPT is highly challenging for
several reasons:
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Fig. 2 Box-and-whisker-plots showing the dose parameters of the targets (a, b) and the organs at risk (c-f) of all treatment plans sorted by the
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Other: Spinal Cord and Liver.

First, the sizes of both target volumes, i.e., GTV and
CTV, were small (median GTV: 74.1 ccm [range: 25.0—
123.0 ccm], median CTV: 245.4 ccm [range: 144.2—-356.7
ccm]; see Table 1) and their interdependence large in
comparison to IMPT-SIB treatment plans in head
-and-neck cancer patients [ie., median CTVI1: 152.5
ccm (range: 96.8—-20.6 ccm), median CTV2: 264.9 ccm
(range: 218.5-426.7ccm), median CTV3: 220.2ccm
(141.8-282.3ccm); [29]]. Consequently, the relative tar-
get coverage is more sensitive to under- or over-exposed

volumes, even for the dose coverage (Dgsy). Despite the
steep distal dose gradient of the proton beams and the
usage of auxiliary structures, reducing the distance of
the high dose gradient between both targets is limited
when maintaining the robustness of the treatment plans.
Thus, if the distance between the GTV and CTV was
small (<10 mm), the dose gradient reached into the
normal tissue in five of the six cases causing high dose
regions [> 51Gy(RBE)] in the close-by OARs. For our
study, we used a setup uncertainty value of 3 mm
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assuming an image-guided clinical workaround. Never-
theless, it cannot be ruled out that an increased setup
uncertainty value, ie, of 5 mm, may generate an en-
larged Dgsy, volume around the target volumes resulting
in increased dose to the OARs in direct proximity and
in an expanded high-dose gradient region. Balancing the
gradient and the robustness also has taken into account
in the robustness evaluation. Single scenarios of the
GTV did not reach the Dgso constraint, however, they
are very close to the minimum dose coverage level. Since
they occurred when a perturbed dose distribution with a
setup uncertainty was calculated, they can be disre-
garded. Such random uncertainties will be smeared out
after all fractions. The Dy, of the CTV.,a also has to
evaluate with care since the dose gradient in the differ-
ent scenarios may be expanded into the CTV,y,.

Second, the literature on proton beam therapy for
pancreatic cancer differs regarding the number of beams
and beam directions due to the lack of consensus guide-
lines. Commonly, the usage of two or three coplanar
beams is preferred depending on the treatment planning
modality (passive scattering or active scanning) [17-23].
In our in silico treatment planning feasibility study on
rMFO-IMPT for a dose-escalated SIB, the number of
beams and their directions in S1-S4 were cautiously
chosen based on the experience of the aforementioned
studies to keep the dose to radiation-sensitive organs at
risk as low as possible and to ensure a homogenous and
conform dose coverage of both targets. Despite a pos-
sible improvement in the target conformity, the low dose
to the OARs in the beam entrance and, in the robust-
ness of the dose distribution, more than three beams are
not advisable considering the complex anatomy of the
close-by OARs and the impact of inhomogeneities, i.e.,
the continuously gas movement of the bowel, to the
range of the protons [30].

A two-beam arrangement with at least one beam from
the anterior direction may reduce the dose to the kid-
neys, however, this beam direction does not take into ac-
count the impact of the continuously changing filling of
the bowel and motion of the abdominal wall to the pro-
ton range [17-19, 30]. Therefore, we employed a com-
bination of two oblique beams (S1), particularly sparing
the bowel and reported to be robust against
inter-fractional motion in carbon ions, and a combin-
ation of one left oblique and one right lateral beam (S2)
in order to minimize the dose to the kidneys [21, 31].
Here, S1 resulted in the lowest dose to the large bowel
and the liver. However, the doses to both kidneys and to
the spinal cord were rather high almost reaching the
maximum dose constraint. S2 offered the possibility to
spare one kidney completely, but conversely, this beam
arrangement may result in clinically relevant doses to
the large bowel. Compared to IMRT and PBS-IMPT
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treatment plans (left lateral oblique, posterior oblique)
reported by Ding et al. [21] with a D,s of 50.4Gy to the
PTV (without a SIB) our dose to the kidneys and the
small bowel were mainly lower, e.g., small bowel Vi5cy:
269.5ccm (IMRT) vs. 174.2ccm (PBS) vs. 67.9ccm (S1)
vs. 75.0ccm (S2).

Moreover, we investigated two three-beam configura-
tions. Although more than two beams increase the low
dose volume in the normal tissue surrounding the target,
the strategies S3 and S4 offer more degrees of freedom
to reduce the dose to the normal tissue to clinically ac-
cepted values and to cover the complex targets more
homogeneously. Consequently, S3 and S4 spare the
bowel while simultaneously keeping the dose to the
remaining OARs low. Nichols et al. [20] dosimetrically
compared IMRT and a PSPT plans, the latter with two
oblique posterior fields and one left lateral field, to a
prescribed dose of 50.4Gy to the boost (PTV: 45Gy) and
reported a statistically significant reduction of radiation
dose to the right kidney, the small bowel and the stom-
ach in the PSPT plans. Taking into account the previous
experience using non-coplanar beams for IMRT plans,
we chose a non-coplanar right lateral direction (S3)
attempting to reduce the dose to the gastrointestinal or-
gans [32]. The last beam arrangement (S4) was based on
previous work by Thompson et al. [22], the first to com-
pare IMRT plans with PSPT and PBS treatment plans,
using three non-coplanar proton beams (Dpresprv =
55@Gy, gantry: ~ 160°, ~ 170°, ~ 215° with unknown coach
angle). With this beam approach, Thompson et al. [22]
compared to Nichols et al. [20] showed a reduction of
the dose to the small bowel (V;ogy: 9.8% vs. 15.4%, Visgy:
4.2% vs. 8.4%) with a non-clinically relevant dose increase
to the stomach (Viogy: 11.1% vs. 2.3%, Visgy: 5.8% vs.
0.1%) despite a higher prescribed dose to the target com-
pared to the first. When using rMFO-IMPT with SIB and
even prescribing a higher dose to the boost, our results
were even lower than those by Thompson et al. [22] (small
bowel: Vjoay = 6.2%, Visgy = 2.5%; stomach: Vyogy = 6.4%,
Visgy =0.8%). Counter intuitively, the positive effect of
utilizing non-coplanar beams for a dose reduction to the
gastrointestinal organs was only found for the small bowel
if the tumor was located in the head of the pancreas
(Additional file 4: E).

To summarize, each beam configuration has several
dosimetric advantages and disadvantages. However, the
three-beam configurations are of clinical relevance show-
ing the potential to reduce the normal tissue complication
probability of the OARs in an intensified treatment while
increasing the homogeneity of the dose distribution. The
comparison to PTV-based proton and photon treatment
plans is certainly not precise, however, CTV-based, robust
optimized photon and proton treatment planning studies
are missing for pancreatic cancer in the literature.
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Third, the proximity or overlap of the OARs, i.e., duo-
denum and stomach, with the target volumes is a major
issue in treatment planning for pancreatic cancer. Bou-
chard et al. [33] postulated a required distance of ap-
proximately 20 mm between the OARs and the GTV for
safe dose escalation to 72Gy(RBE) with PSPT for pancre-
atic target volumes. Due to the complex abdominal anat-
omy, this distance is rarely applicable to tumors in the
pancreatic region. Thus, overlapping or immediately sur-
rounding structures are difficult to protect. To accom-
plish this, Brunner et al. [34] suggested a simultaneous
integrated protection (SIP) area, which contains the
intersection volume of the OARs with the target vol-
umes, reducing the dose within the SIP to the respective
dose constraint of the affected OAR. Although this
method was proposed for IMRT, this method should
also be tested for IMPT in further studies.

Fourth, the non-coplanar beam configuration faces
technical challenges. The couch angles are limited by
the construction of the nozzle and the distance to the
isocenter. Furthermore, the CT images need to be of suffi-
cient length to allow a correct dose calculation of the
treatment plan with non-coplanar beams. It needs to be
considered that a non-coplanar beam could extend the
path of the beam through the patient leading to potential
uncertainties of the proton range. Lastly, non-coplanar
treatment setups are more difficult for the treatment plan-
ner during the treatment planning process (e.g., spatial ap-
titude, sources for collision) and for the radiation
treatment technologists during the actual irradiation (e.g.,
collisions, time). Thus, non-coplanar beams should only
be used if the benefit of sparing normal tissue and avoid-
ance of density inhomogeneities is increased.

Finally, the quality of treatment plans depends on the
experience of the treatment planner, the treatment tech-
nique and the optimization algorithm. In our study we
used an objective weighted optimization for IMPT, of
which the results are systematically influenced by the
interaction of each objective weight chosen by the treat-
ment planner. Thus, it may well be that a better dose
distribution may be reached, e.g., by a multi-criteria
optimization algorithm. Furthermore, due to the compu-
tation time of robust optimization with a small voxel
resolution in a Monte Carlo algorithm, we decided to use
a dose calculation grid with an acceptable resolution as
well as the pencil beam algorithm for this study. Consider-
ing large homogeneity differences as well as the proximity
of radiation-sensitive abdominal organs, a robust Monte
Carlo optimization and an adequate grid resolution are
recommended for clinical proton therapy plans.

Apart from the above stated some limitations of our
presented study need to be taken into account. Since
only a limited number of patients was investigated in
this in silico treatment planning study, further studies
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need to confirm our findings and to verify the results for
each tumor location group, in particular for the duode-
num. Four-dimensional CT scans were not available for
this retrospective study, since they were not acquired for
clinical routine in Tomotherapy. Hence, the intrafrac-
tional movement of the target and the OARs could not
be considered although this is an important issue in pro-
ton therapy. Breathing can result in undesirable over-
and undershooting in target volumes (interplay effect) or
even in increased dose to the normal tissue [35, 36].
Using dose escalation approaches, the impact of intra-
as well as interfractional organ motion is of highly clin-
ical relevance. To overcome this, additional treatment
planning studies are underway to estimate the influence
of breathing and organ motion on the dose distribution
and the consequential robustness of the treatment plans.

Conclusion

Disregarding the influence of inter- and intrafractional
organ motion on the dose distribution, simultaneous
dose escalation to the high dose volume is feasible using
rMFO-IMPT treatment strategies of two or three beams.
Based on our findings, we recommend a three-beam
configuration with at least one non-coplanar beam for
rMFO-IMPT-SIB in advanced pancreatic cancer patients
achieving a homogeneous dose distribution in the target
while simultaneously minimizing the dose to the organs
at risk. Further studies on the influence of the interplay
effect on the dose distribution in dose-escalated SIB
strategies have to be performed.

Additional files

Additional file 1: lllustration of the targets and the auxiliary structures.
(PDF 311 kb)

Additional file 2: Table of beam parameters and doses to the target.
(PDF 547 kb)

Additional file 3: Statistical analysis. (PDF 511 kb)
Additional file 4: Subgroup analysis. (PDF 487 kb)
Additional file 5: Robustness evaluation. (PDF 415 kb)

Abbreviations

(4D-)CT: (4-dimensional) computed tomography; ccm: Cubic centimeter;
CTV: Clinical target volume; Dag,: Near dose maximum; dose received by 2%
of the volume; Dy, Maximum dose; Dean: Mean dose; Dyyes: Prescribed
dose; Dyg,: Dose received by X% of the volume; GTV: Gross tumor volume;
Gy: Gray; IMPT: Intensity-modulated proton therapy; IMRT: Intensity-
modulated radiotherapy (with photons); LAPC: Locally advanced pancreatic
cancer; OAR: Organ at risk; PBS: Active pencil beam scanning; PSPT: Passive
scattering proton therapy; PTV: Planning target volume; p-value: Probability
value; RBE: Relative biological effectiveness; IMFO: Robust multi-field
optimization; S1: Strategy 1, etc,; SIB: Simultaneous integrated boost;

vs.: Versus; Vyg,: Volume receiving x-Gy

Acknowledgements
The authors thank Dr. Maximilian Rehm for re-contouring the CT data.


https://doi.org/10.1186/s13014-018-1165-0
https://doi.org/10.1186/s13014-018-1165-0
https://doi.org/10.1186/s13014-018-1165-0
https://doi.org/10.1186/s13014-018-1165-0
https://doi.org/10.1186/s13014-018-1165-0

Stefanowicz et al. Radiation Oncology (2018) 13:228

Funding
Not Applicable.

Availability of data and materials
Further information and data sets are available from the corresponding
authors on reasonable request.

Authors’ contributions

SS performed the study design, treatment planning, data analysis, generated
figures and was a major contributor in writing the manuscript. KS
participated in the study design and edited the manuscript. SZ collected the
patients’ data, performed the delineation in the CT images and edited the
manuscript. AJ participated in the study design and edited the manuscript.
ET participated in the study design, performed the delineation in the CT
images, approved the plans and contributed in writing and editing the
manuscript. All authors read and approved the final manuscript.

Ethics approval and consent to participate

The study was approved by the ethics committees of the University Hospital
Dresden (EK 98032017) and of the Charité Universitatsmedizin Berlin (EA1/
236/16).

Consent for publication
Patients treated at the Charité Universitdtsmedizin Berlin consented in
writing for the use of their anonymous data for research.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details

'OncoRay - National Center for Radiation Research in Oncology, Faculty of
Medicine and University Hospital Carl Gustav Carus, Technische Universitét
Dresden, Helmholtz-Zentrum Dresden — Rossendorf, Dresden, Germany.
“Department of Radiotherapy and Radiation Oncology, Faculty of Medicine
and University Hospital Carl Gustav Carus, Technische Universitat Dresden,
Dresden, Germany. 3Helmholtz-Zentrum Dresden - Rossendorf, Institute of
Radiooncology — OncoRay, Dresden, Germany. “German Cancer Consortium
(DKTK), Partner Site Dresden, and German Cancer Research Center (DKFZ2),
Heidelberg, Germany. *National Center for Tumor Diseases (NCT), Partner Site
Dresden, Germany: German Cancer Research Center (DKFZ), Heidelberg,
Germany; Faculty of Medicine and University Hospital Carl Gustav Carus,
Technische Universitat Dresden, Dresden, Germany, and; Helmholtz
Association / Helmholtz-Zentrum Dresden - Rossendorf (HZDR), Dresden,
Germany. ®Department of Radiation Oncology, Charité Universititsmedizin
Berlin, Berlin, Germany.

Received: 24 July 2018 Accepted: 30 October 2018
Published online: 22 November 2018

References

1. Suker M, Beumer BR, Sadot E, Marthey L, Faris JE, Mellon EA, et al.
FOLFIRINOX for locally advanced pancreatic cancer: a systematic review and
patient-level meta-analysis. Lancet Oncol. 2016;17(6):801-10. https.//doi.org/
10.1016/51470-2045(16)00172-8.

2. Ben-Josef E, Schipper M, Francis IR, Hadley S, Ten-Haken R, Lawrence T, et al.

A phase I/l trial of intensity modulated radiation (IMRT) dose escalation
with concurrent fixed-dose rate gemcitabine (FDR-G) in patients with
unresectable pancreatic cancer. Int J Radiat Oncol Biol Phys. 2012;84(5):
1166-71 DOI: https//doi.org/10.1016/}ijrobp.2012.02.051.

3. Huguet F, Hajj C, Winston CB, Shi W, Zhang Z, Wu AJ, et al. Chemotherapy
and intensity-modulated radiation therapy for locally advanced pancreatic
cancer achieves a high rate of RO resection. Acta Oncol. 2017;56(3):384-90
DOI: https://doi.org/10.1080/0284186X.2016.1245862.

4. Krishnan S, Chadha AS, Suh Y, Chen HC, Rao A, Das P, et al. Focal radiation
therapy dose escalation improves overall survival in locally advanced
pancreatic cancer patients receiving induction chemotherapy and

20.

21.

Page 10 of 11

consolidative chemoradiation. Int J Radiat Oncol Biol Phys. 2016,94(4):755—
65 DOI: https://doi.org/10.1016/}.ijrobp.2015.12.003.

Chung SY, Chang JS, Lee BM, Kim KH, Lee KJ, Seong J. Dose escalation in
locally advanced pancreatic cancer patients receiving chemoradiotherapy.
Radiother Oncol. 2017;123(3):438-45 DOI: https://doi.org/10.1016/j.radonc.
2017.04.010.

Zschaeck S, Blimke B, Wust P, Kaul D, Bahra M, Riess H, et al. Dose-escalated
radiotherapy for unresectable or locally recurrent pancreatic cancer: dose
volume analysis, toxicity and outcome of 28 consecutive patients. PLoS
One. 2017;12(10):e0186341 DOI: https://doi.org/10.1371/journal.pone.
0186341.

Brunner TB, Nestle U, Grosu AL, Partridge M. SBRT in pancreatic cancer:
what is the therapeutic window? Radiother Oncol. 2015;114(1):109-16 DOI:
https://doi.org/10.1016/j.radonc.2014.10.015.

Petrelli F, Comito T, Ghidini A, Torri V, Scorsetti M, Barni S. Stereotactic body
radiation therapy for locally advanced pancreatic cancer: a systematic
review and pooled analysis of 19 trials. Int J Radiat Oncol Biol Phys. 2017;
97(2):313-22 DOI: https//doi.org/10.1016/jijrobp.2016.10.030.

Versteijne E, van Eijck CH, Punt CJ, Suker M, Zwinderman AH, Dohmen MA,
et al. Preoperative radiochemotherapy versus immediate surgery for
resectable and borderline resectable pancreatic cancer (PREOPANC trial):
study protocol for a multicentre randomized controlled trial. Trials. 2016;
17(1):127 DOI: https.//doi.org/10.1186/513063-016-1262-z.

Nichols RC, Huh S, Li Z, Rutenberg M. Proton therapy for pancreatic cancer.
World J Gastrointest Oncol. 2015;7(9):141-7 DOI: https.//doi.org/10.4251/
Wjgo.v7.i9.141.

Hong TS, Ryan DP, Blaszkowsky LS, Mamon HJ, Kwak EL, Mino-Kenudson M,
et al. Phase | study of preoperative short-course chemoradiation with
proton beam therapy and capecitabine for resectable pancreatic ductal
adenocarcinoma of the head. Int J Radiat Oncol Biol Phys. 2011;79(1):151-7
DOI: https://doi.org/10.1016/].ijrobp.2009.10.061.

Sachsman S, Nichols RC, Morris CG, Zaiden R, Johnson EA, Awad Z, et al.
Proton therapy and concomitant capecitabine for non-metastatic
unresectable pancreatic adenocarcinoma. Int J Particle Ther. 2014;1(3):692-
701 DOI: https.//doi.org/10.14338/1JPT.14-00006.1.

Nichols RC Jr, George TJ, Zaiden RA, Awad ZT, Asbun HJ, Huh S, et al. Proton
therapy with concomitant capecitabine for pancreatic and ampullary cancers is
associated with a low incidence of gastrointestinal toxicity. Acta Oncol. 2013;
52(3):498-505 DOI: https.//doi.org/10.3109/0284186X.2012.762997.

Terashima K, Demizu Y, Hashimoto N, Jin D, Mima M, Fuijii O, et al. A phase
I/l study of gemcitabine-concurrent proton radiotherapy for locally
advanced pancreatic cancer without distant metastasis. Radiother Oncol.
2012;103(1):25-31 DOI: https://doi.org/10.1016/j.radonc.2011.12.029.
Hitchcock KE, Nichols RC, Morris CG, Bose D, Hughes SJ, Stauffer JA, et al.
Feasibility of pancreatectomy following high-dose proton therapy for
unresectable pancreatic cancer. World J Gastrointest Surg. 2017,9(4):103-8
DOI: https://dx.doi.org/10.4240%2Fwjgs.v9.i4.103.

Murphy JE, Wo JY, Ryan DP, Jiang W, Yeap BY, Drapek LC, et al. Total
neoadjuvant therapy with FOLFIRINOX followed by individualized
chemoradiotherapy for borderline resectable pancreatic adenocarcinoma: a
phase 2 clinical trial. JAMA Oncol. 2018;4(7):963-9 DOI: https://doi.org/10.
1001/jamaoncol.2018.0329.

Zurlo A, Lomax A, Hoess A, Bortfeld T, Russo M, Goitein G, et al. The role of
proton therapy in the treatment of large irradiation volumes: a comparative
planning study of pancreatic and biliary tumors. Int J Radiat Oncol Biol
Phys. 2000;48(1):277-88 DOI: https://doi.org/10.1016/S0360-3016(00)00522-8.
Hsiung-Stripp DC, McDonough J, Masters HM, Levin WP, Hahn SM, Jones
HA, et al. Comparative treatment planning between proton and x-ray
therapy in pancreatic cancer. Med Dosim. 2001,26(3):255-9 DOI: https://doi.
0rg/10.1016/50958-3947(01)00072-3.

Kozak KR, Kachnic LA, Adams J, Crowley EM, Alexander BM, Mamon HJ,

et al. Dosimetric feasibility of hypofractionated proton radiotherapy for
neoadjuvant pancreatic cancer treatment. Int J Radiat Oncol Biol Phys. 2007;
68(5):1557-66 DOI: https://doi.org/10.1016/jijrobp.2007.02.056.

Nichols RC Jr, Huh SN, Prado KL, Yi BY, Sharma NK, Ho MW, et al. Protons
offer reduced normal-tissue exposure for patients receiving postoperative
radiotherapy for resected pancreatic head cancer. Int J Radiat Oncol Biol
Phys. 2012:83(1):158-63 DOI: https/doi.org/10.1016/jijrobp.2011.05.045.
Ding X, Dionisi F, Tang S, Ingram M, Hung CY, Prionas E, et al. A
comprehensive dosimetric study of pancreatic cancer treatment using
three-dimensional conformal radiation therapy (3DCRT), intensity-modulated


https://doi.org/10.1016/S1470-2045(16)00172-8
https://doi.org/10.1016/S1470-2045(16)00172-8
https://doi.org/10.1016/j.ijrobp.2012.02.051
https://doi.org/10.1080/0284186X.2016.1245862
https://doi.org/10.1016/j.ijrobp.2015.12.003
https://doi.org/10.1016/j.radonc.2017.04.010
https://doi.org/10.1016/j.radonc.2017.04.010
https://doi.org/10.1371/journal.pone.0186341
https://doi.org/10.1371/journal.pone.0186341
https://doi.org/10.1016/j.radonc.2014.10.015
https://doi.org/10.1016/j.ijrobp.2016.10.030
https://doi.org/10.1186/s13063-016-1262-z
https://doi.org/10.4251/wjgo.v7.i9.141
https://doi.org/10.4251/wjgo.v7.i9.141
https://doi.org/10.1016/j.ijrobp.2009.10.061
https://doi.org/10.14338/IJPT.14-00006.1
https://doi.org/10.3109/0284186X.2012.762997
https://doi.org/10.1016/j.radonc.2011.12.029
https://dx.doi.org/10.4240/wjgs.v9.i4.103
https://doi.org/10.1001/jamaoncol.2018.0329
https://doi.org/10.1001/jamaoncol.2018.0329
https://doi.org/10.1016/j.ijrobp.2007.02.056
https://doi.org/10.1016/j.ijrobp.2011.05.045

Stefanowicz et al. Radiation Oncology

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

(2018) 13:228

radiation therapy (IMRT), volumetric-modulated radiation therapy (VMAT),
and passive-scattering and modulated-scanning proton therapy (PT). Med
Dosim. 2014;39(2):139-45 DOI: https://doi.org/10.1016/jmeddos.2013.11.005.

Thompson RF, Mayekar SU, Zhai H, Both S, Apisarnthanarax S, Metz JM, et al.

A dosimetric comparison of proton and photon therapy in unresectable
cancers of the head of pancreas. Med Phys. 2014;41(8):081711 DOI: https://
doi.org/10.1118/1.4887797.

Dreher C, Habermehl D, Ecker S, Brons S, El-Shafie R, Jakel O, et al.
Optimization of carbon ion and proton treatment plans using the raster-
scanning technique for patients with unresectable pancreatic cancer. Radiat
Oncol. 2015;10:237 DOI: https://doi.org/10.1186/513014-015-0538-x.

Lomax AJ. Intensity modulated proton therapy and its sensitivity to
treatment uncertainties 1: the potential effects of calculation uncertainties.
Phys Med Biol. 2008,53(4):1027-42 DOI: https://doi.org/10.1088/0031-9155/
53/4/014.

Lomax AJ. Intensity modulated proton therapy and its sensitivity to
treatment uncertainties 2: the potential effects of inter-fraction and inter-
field motions. Phys Med Biol. 2008;53(4):1043-56 DOI: https://doi.org/10.
1088/0031-9155/53/4/015.

Marks LB, Yorke ED, Jackson A, Ten Haken RK, Constine LS, Eisbruch A, et al.
Use of normal tissue complication probability models in the clinic. Int J
Radiat Oncol Biol Phys. 2010;76(3 Suppl):S10-9 DOI: https://doi.org/10.1016/
jijrobp.2009.07.1754.

Stefanowicz S, Zschaeck S, Rehm M, Jakobi A, Stltzer K, Troost EGC. EP-
1867: comparison of robust optimized proton planning strategies for dose
escalation in pancreatic cancer. Radiother Ocol. 2018;127(Suppl 1):51008-9
DOI: https://doi.org/10.1016/50167-8140(18)32176-5.

Paddick I. A simple scoring ratio to index conformity of radiosurgical
treatment plans. Technical note. J Neurosurg. 2000;93(Suppl 3):219-22.
Quan EM, Liu W, Wu R, Li Y, Frank SJ, Zhang X, et al. Preliminary evaluation
of multifield and single-field optimization for the treatment planning of
spot-scanning proton therapy of head and neck cancer. Med Phys. 2013;
40(8):081709 DOI: https://dx.doi.org/10.1118%2F1.4813900.

Kumagai M, Hara R, Mori S, Yanagi T, Asakura H, Kishimoto R, et al. Impact
of intrafractional bowel gas movement on carbon ion beam dose
distribution in pancreatic radiotherapy. Int J Radiat Oncol Biol Phys. 2009;
73(4):1276-81 DOI: https.//doi.org/10.1016/}.ijrobp.2008.10.055.

Batista V, Richter D, Combs SE, Jékel O. Planning strategies for inter-
fractional robustness in pancreatic patients treated with scanned carbon
therapy. Radiat Oncol. 2017;12(1):94 DOI: https://doi.org/10.1186/513014-
017-0832-x.

Chang DS, Bartlett GK, Das IJ, Cardenes HR. Beam angle selection for
intensity-modulated radiotherapy (IMRT) treatment of unresectable
pancreatic cancer: are noncoplanar beam angles necessary? Clin Transl
Oncol. 2013;15(9):720-4 DOI: https://doi.org/10.1007/512094-012-0998-5.
Bouchard M, Amos RA, Briere TM, Beddar S, Crane CH. Dose escalation with
proton or photon radiation treatment for pancreatic cancer. Radiother
Oncol. 2009;92(2):238-43 DOI: https://doi.org/10.1016/j.radonc.2009.04.015.
Brunner TB, Nestle U, Adebahr S, Gkika E, Wiehle R, Baltas D, et al.
Simultaneous integrated protection: a new concept for high-precision
radiation therapy. Strahlenther Onkol. 2016;192(12):886-94 DOI: https://doi.
0rg/10.1007/500066-016-1057-x.

Batista V, Richter D, Chaudhri N, Naumann P, Herfarth K, Jakel O.
Significance of intra-fractional motion for pancreatic patients treated with
charged particles. Radiat Oncol. 2018;13(1):120 DOI: https://10.1186/513014-
018-1060-8.

Dolde K, Naumann P, David C, Gnirs R, KachelrieB M, Lomax AJ, et al. 4D
dose calculation for pencil beam scanning proton therapy of pancreatic
cancer using repeated 4DMRI datasets. Phys Med Biol. 2018,63(16):165005
DOI: https://10.1088/1361-6560/aad43f.

Page 11 of 11

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1016/j.meddos.2013.11.005
https://doi.org/10.1118/1.4887797
https://doi.org/10.1118/1.4887797
https://doi.org/10.1186/s13014-015-0538-x
https://doi.org/10.1088/0031-9155/53/4/014
https://doi.org/10.1088/0031-9155/53/4/014
https://doi.org/10.1088/0031-9155/53/4/015
https://doi.org/10.1088/0031-9155/53/4/015
https://doi.org/10.1016/j.ijrobp.2009.07.1754
https://doi.org/10.1016/j.ijrobp.2009.07.1754
https://dx.doi.org/10.1118/1.4813900
https://doi.org/10.1016/j.ijrobp.2008.10.055
https://doi.org/10.1186/s13014-017-0832-x
https://doi.org/10.1186/s13014-017-0832-x
https://doi.org/10.1007/s12094-012-0998-5
https://doi.org/10.1016/j.radonc.2009.04.015
https://doi.org/10.1007/s00066-016-1057-x
https://doi.org/10.1007/s00066-016-1057-x
https://10.0.4.162/s13014-018-1060-8
https://10.0.4.162/s13014-018-1060-8
https://10.0.4.64/1361-6560/aad43f

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Patient and tumor characteristics
	Dose prescription and treatment planning
	Treatment plan evaluation
	Statistical analyses

	Results
	Discussion
	Conclusion
	Additional files
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

