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Inter- and intrafraction dose
variations in robotic stereotactic
body radiation therapy (SBRT) for
perihilar cholangiocarcinoma in
the prospective phase |

STRONG trial
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Using fiducial-marker-based robotic respiratory tumor tracking, we treated
perihilar cholangiocarcinoma patients in the STRONG trial with 15 daily
fractions of 4 Gy. For each of the included patients, in-room diagnostic-quality
repeat CTs (rCT) were acquired pre- and post-dose delivery in 6 treatment
fractions to analyze inter- and intrafraction dose variations. Planning CTs (pCTs)
and rCTs were acquired in expiration breath-hold. Analogous to treatment, spine
and fiducials were used to register rCTs with pCTs. In each rCT, all OARs were
contoured, and the target was rigidly copied from the pCT based on grey values.
The rCTs acquired were used to calculate the doses to be delivered through the
treatment-unit settings. On average, target doses in rCTs and pCTs were similar.
However, due to target displacements relative to the fiducials in rCTs, 10% of the
rCTs showed PTV coverage losses of >10%. Although target coverages had been
planned below desired values in order to protect OARs, many pre-rCTs
contained OAR constraint violations: 44.4% for the 6 major constraints. Most
OAR dose differences between pre- and post-rCTs were not statistically
significant. The dose deviations observed in repeat CTs represent opportunities
for more advanced adaptive approaches to enhancing SBRT treatment quality.
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1 Introduction

Perihilar cholangocarcinoma (pCCa) is the most frequent type
of cholangiocarcinoma (CCa), and accounts for 50-70% of all cases
(1). The standard treatment for unresectable pCCa is chemotherapy
(2-4).

The recent addition of PDLI inhibitors has shown good results
for both OS and PFS (5, 6). Promising local control rates have also
been shown by the few studies that investigated stereotactic body
radiation therapy (SBRT) for cholangiocarcinoma (7-14). A recent
retrospective study also proved that SBRT has good local control
and overall survival without increased toxicity (15). Even though
this data is not specific for pCCa, these results warrant further
studies in this category of patients.

pCCa tumors are subject to respiratory motion and have
extensions outside the liver that are close to many sensitive
organs at risk (OARs). To the best of our knowledge, no
published studies have investigated the dosimetric impact of
inter- and intra-fraction anatomy variations for these tumors.

The STRONG study (NCT03307538) was the first prospective
trial designed to evaluate the feasibility and toxicity of SBRT after
first-line chemotherapy in patients with unresectable pCCa (16, 17).
Its secondary endpoints were local control, progression-free
survival, overall survival, and quality of life (QoL). No dose-
limiting toxicity was observed; at a median follow-up of 14
months, 12-month local control was 80%; and QoL did not
change (16). An important aspect of the trial was study of the
dosimetric impact of inter- and intra-fraction anatomical variations
through daily acquisition of repeat CTs (rCT) with an in-room CT
on-rails, both pre- and post- daily dose delivery. In this paper we
report deviations of delivered target and OAR doses in rCT
anatomies from planned doses established with the planning CT
(pCT). Furthermore, pre-rCT and post-rCT doses were mutually
compared to assess intra-fraction dose variation in the investigated
patient population.

2 Materials and methods
2.1 Patients and clinical workflow

The six patients (three male and three female) in the STRONG
trial were included in this study. All had stage ¢T4 disease, with
three cNO and the other three cN1. The median tumor size was 26
mm, which ranged from 21 to 36 mm. Five of the six patients had a
stent in the biliary tree that passed through the GTV.

Patients were treated with SBRT using Synchrony® respiratory
tracking with the robotic M6 CyberKnife® (Accuray Inc.,
Sunnyvale, CA, USA), which was equipped with an Incise MLC.
To this purpose, two fiducial markers (Tornado® Embolization
Coils, Bloomington, USA) were implanted in the liver of each
patient, close to the intrahepatic component of the tumor. Both
during acquisition of pCTs and rCTs) and during dose delivery,
patients were immobilized in a vacuum mattress. The total dose was
delivered in 15 fractions of 4 Gy prescribed at the 80% isodose line.
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To establish planning contours, we acquired not only a 4DCT
scan but, after patient instruction, also voluntary expiration and
inspiration CT scans with IV contrast. In the expiration CT we
contoured all OARs (healthy liver, heart, spinal cord, kidneys,
gallbladder, central biliary tract, stomach, esophagus, duodenum,
bowel, liver). After contouring the first patient, OARs close to the
target were also contoured in the inspiration CT. To avoid
constraint violations in the two scans, account was taken of these
contours during planning. Contouring of the GTV = CTV on the
expiration CT was supported by additional information acquired by
a gadolinium-enhanced liver MRI, and the contour was reviewed
with an expert radiologist. For all patients we used a PTV margin of
7 mm, which was established using 4DCT scans, taking account of
the distances observed between the fiducials’ center-of-mass and the
target center (18).

The planning aim was to cover 95% of the PTV with the
prescribed 4Gy per fraction. However, during planning, priority
was given to avoiding violations of the OAR constraints, which
might reduce PTV coverage. The OAR planning constraints applied
are described in detail in the study protocol and in Table 1 (16, 17).
During treatment, the same planning CT (pCT) was used to make a
new plan for two of the six patients.

Before each treatment fraction, skin marks were used to
position the patient on the robotic treatment couch. Next, the
patient was further aligned using two orthogonal kV images to
perform a spine match with the pCT, consisting of translations and
rotations. Finally, patient setup was further adjusted on the basis of
a fiducial match consisting of only translations. During tracking,
correspondence models were updated every 150 sec.

On treatment days, patients were asked not to consume solid
food two hours before treatment. To maximize anatomical
consistency, radiotherapy was delivered whenever possible in the
time slot that was also used to acquire the pCT.

2.2 Acquisition of rCTs

Per patient, we acquired a pre-rCT and post-rCT in 6 of the 15
treatment fractions. For this we used an in-room on-rail
SOMATOM Definition AS CT scanner (Siemens Healthcare,
Forchheim, Germany) that was integrated into the stereotactic
treatment unit together with a common robotic treatment couch
(19). Scans were acquired in treatment position in expiration
without IV contrast. Information collected from the rCTs was not
used for actual treatments.

2.3 Target and OAR contours in rCTs

For our analyses, pCTs with the clinical contours, and acquired
rCTs were imported in MIM version 6.9 (MIM Software Inc
Cleveland OH). Due to the lack of IV contrast in rCTs, we
considered manual contouring of GTVs in rCTs to be unfeasible.
We therefore mapped pCT-GTVs on rCTs, based on automatic
rigid rCT-pCT translation-rotation registrations on grey values in
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TABLE 1 1st data column: Mean dosimetric GTV, PTV and OAR plan parameter values in the pCT for the 6 study patients. 2nd data column: Plan

parameter differences between pre-rCTs and corresponding pCTs.

Structure pCT parameter value

parameter + constraint* mean + SD, range

pre-rCT — pCT
mean = SD, range

pre-rCT — post-rCT
mean + SD, range

P-value

P-value

GTV 91.1 + 5.8, [82.2,98.6]
V60Gy (%)

GTV 98.3 + 2.5, [93.6,100]
V45Gy (%)

GTV 50.6 + 7.9, [40.0,61.8]
D98% (Gy)

2.5 +33[-82,8.1]
<0.0001

0.6 + 1.0 [-0.37,4.3]
0.002

2.8 +38[-11,8.7]
0.0001

22 +3.0 [-2.1,9.8]
0.0002

0.7 + 1.4 [-0.7,5.1]
0.006

2.0 + 209, [-3.3,14.0]
0.0004

GTV 72.7 + 14, [70.4,74.2] 2.0 £ 1.6, [-0.9,7.1] 0.37 £ 1.7, [-1.1,9.7]
D2% (Gy) <0.0001 02
PTV 83.1 + 5.2, [75.8, 90.0] 0.8 + 4.4 [-18.0,4.2] 2.1 £ 3.9, [-35,12.9]

V60Gy (%)

0.3

0.003

PTV 95.0 + 3.6 [89.0,99.3]
V45Gy (%)

PTV 423 +3.7,[38.549.1]
D98% (Gy)

0.77 + 2.1 [-5.9, 4.1]
0.04

1.0 + 4.4, [-14,13.4]
0.2

1.9 £ 3.3 [-1.7,13.4]
0.002

3.1 +6.1[-2.8,23.7]
0.005

PTV 72.4 + 1.2, [70.8,73.6] 1.85 + 1.6, [-0.97,7.84] 0.07 £ 0.57, [-1.3,1.1]
D2% (Gy) <0.0001 0.4
Stomach 1.6 + 1.6, [0.0,3.8] 2.0 + 3.1, [-1.5,8.8] 0.0005 0.64 + 1.7, [-3.6,4.7]
V41Gy <5 cc 0.03
Stomach 46.1 + 9.8 [29.3,57.3] 3.9 +10.4 [-30,21.9] 0.3 + 6.4 [-28,12.3]
Dmax < 57 Gy 0.03 0.8
Duodenum 2.8 £ 1.3 [1.0,4.5] 1.3 + 3.8 [-2.5,10.8] 0.5+ 2.1 [-4.2,5.7]
V41Gy <5 cc 0.05 0.1
Duodenum 53.0 + 4.4 [47.0,57.9] 4.5+ 9.3 [-7.5.21.5] -0.14 + 5.8 [-9.4,13.1]
Dmax < 57 Gy 0.008 0.9
Gallbladder 59.3 + 6.1 [48.9,63.6] 2.6 £ 8.3, [-34,14.4] 1.2 £ 10.5, [-34,26.3]
Dmax < 63 Gy 0.1 0.5

Central biliary tract 68.2 + 1.9 [64.4,69.7]

DO0.5cc < 70 Gy

*Constraints were used only for OARs.

0.95 + 2.7 [-7.4,8.2]
0.05

-0.2 £ 1.3, [-3.1,3.0]
0.3

3rd data column: plan parameter differences between daily pre-rCTs and post-rCTs. P-values <0.05 are indicated in bold. The planning aim for PTV V60Gy was 95%.

the PTV. After a pCT-GTV contour had been copied into an rCT, a
7 mm PTV margin was added, as in clinical planning. The validity
of the copied GTVs was verified by checking the position of the
stents and the surrounding tissues.

OARs were manually contoured in rCTs using the contours in
the corresponding pCT as visual reference. Although, in principle, a
stent positioned in the biliary tract was contoured as part of the
biliary tract, we considered the stent and cystic duct in each of the 5
patients who had stents to be integral to the central biliary tract. All
OARs were first contoured by a radiation oncologist (CP) and later
reviewed and possibly adjusted in discussions with a second expert
radiation oncologist (AMR).

2.4 rCT dose calculations
Before doses were calculated in the rCTs, the rCTs were

registered to their respective pCTs in a two-step procedure
similar to the daily tumor setup procedure (see above), in which a
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spine match (translations and rotations) was followed by a match of
fiducials (translations only). To determine which dose had actually
been delivered during treatment, we used a standalone version of
the clinical dose engine to calculate the rCT dose distributions
for the planned Cyberknife settings (such as MLC segment
shapes, MUs, and beam angles) (20, 21). The clinical and
standalone dose engines had slight differences in beam models.
To establish a correction factor for the doses calculated with the
standalone engine, the clinical planning CT dose distributions
were first recalculated with the standalone engine, and the
applied correction factor was then based on the requirement
of equal PTV coverage at 60 Gy for clinical and standalone
dose distributions.

2.5 Evaluation of rCT doses

The rCT dose distributions were evaluated for dosimetric
parameters that were also used for treatment planning, with

frontiersin.org


https://doi.org/10.3389/fonc.2023.1114737
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Paronetto et al.

highlights on differences between pCT's and pre-rCTs, and between
pre-rCTs and post-rCTs, and on violations of OAR planning
constraints. If inhale and exhale OAR contours had both been
used for planning (see M&M), rCT OAR dose parameters were
compared only with the corresponding pCT values pertaining to the
exhale scan.

2.6 Statistical analyses

The data were summarized using descriptive statistics. A T test
was used to test the differences between pre-CT and plan CT, and
pre- and post-treatment measures.

3 Results

Supplementary Table S1 summarizes all treatment plan
parameter values for all patients, including GTV, PTV and OARs
for the pCT, pre-rCTs, and post-rCTs. As the doses in the heart,
kidneys, spinal cord, bowel, esophagus and healthy liver were
consistently far below constraint levels, the OAR analyses in the
remainder of this paper focus on the central biliary tract,
gallbladder, stomach and duodenum.

According to the STRONG study protocol, rCTs should have
been acquired on days 1, 3, 6, 9, 12 and 15, but due to scheduling
issues this was not always possible. The planned number of rCT's
was nonetheless achieved for all patients: 6 pre-rCTs and 6 post-
rCTs per patient. Due to incorrect couch height, two of the 72 rCTs
had been wrongly acquired and were therefore discarded (patient 1,

10.3389/fonc.2023.1114737

fraction 3, pre- and post-treatment), leaving 70 rCTs and 6 pCT's
for analysis.

The correction factor needed to correct rCT doses to account
for small differences in beam models between the clinical and the
standalone dose calculation engine was 2.0%. Before the dosimetric
analyses, all calculated rCT doses were therefore scaled with
this value.

3.1 Target-dose deviations

Table 1 (1st data column) and Figure 1 show that the PTV
coverage aims could not always be met during planning. On
average, PTV V60Gy was 83.1 £ 52% in pCTs, with minimum
and maximum values of 75.8% and 90% respectively, instead of the
aimed 95%. Neither were the GTVs always fully covered with 60 Gy
in pCTs: the mean GTV V60Gy was 91.1%, with an inter-patient
range of [82.2,98.6]. Average PTV and GTV V45Gy in pCTs were
95.0% and 98.3%, respectively. Here, too, the respective ranges
[89.0,99.3] and [93.6,100] show that inter-patient spreads were
substantial (Table 1).

On average, deviations from planning of pre-rCT PTV (Table 1,
2nd data column) and GTV plan parameters (data rows 1-8, and
Figure 1) were small (and, in percentage terms, much smaller than
for OARs; see below). For example, analysis of all acquired 35 pre-
rCTs together showed that, on average, PTV V60Gy was reduced by
0.8+ 4.4% relative to planning (Table 1). Figure 1 shows the inter-
patient and day-to-day variations between pre-treatment scanning
and planning for eight target-plan parameters. Comparisons of the
last two data columns in Table 1 and Figure 1 show that the
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FIGURE 1

Pan2 — Am

For all 6 study patients (P;, i=1..6), re-calculated GTV (upper panels A-D) and PTV (lower panels E-H) doses in pre- and post-rCTs (markers)
compared to planning (horizontal lines). During the fractionated treatment, the initial treatment plan for patients 3 and 5 (plan 1, blue) was updated
(plan 2, green). Rj (j=1,...6): rCT in the j-th fraction in which rCTs were acquired. Each panel describes an aim for the GTV and PTV as per STRONG

study (see Table 1).
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magnitude of differences between pre-rCT and post-rCT target plan
parameters were similar to the magnitudes of difference between
pre-rCT and pCT parameters.

Figure 2 presents deviations in rCT PTV V60Gy from planning
as a function of target displacement in a rCT relative to the center-
of-mass of the corresponding fiducial. It shows clearly that greater
target displacements led to greater coverage losses. Target
displacements were likely caused by non-rigid anatomy changes
between pCT's and rCTs, although the possibility of some marker
migration cannot be excluded.

Two of the greatest coverage losses were observed for patient 5
in the last treatment fraction (18.0% in pre-rCT and 17.7% in post-
rCT). Inspection of the scans showed that these target losses were
related to significant increases in the gallbladder volume during
treatment (7.6 cc in the pCT vs. 61.3 in the pre-rCT and 79.8 cc in
the post-rCT). Due to this effect, the fiducials were pushed further
away from the target than in planning, causing a partial mismatch
between the rCT PTV and the high dose volume
delivered (Figure 3).

3.2 OAR dose deviations

Table 2 shows an overview of the constraint violations observed.
Although the Ist data column of Table 2 suggests that there were
some minor constraint violations for pCTs (< 1Gy), these violations
were not present in the clinical plans generated and calculated with
the Precision TPS. They were attributed to our use of the MIM
software for data analysis, and were possibly related to small
differences between MIM and Precision in DVH generation
(M&M). Notwithstanding the relatively low planned target
coverages (intended to protect OARs; see Figure 1 and Table 1),
pre-rCTs showed frequent and large OAR constraint violations for
all OAR plan parameters (2nd data column of Table 2 and Figure 4).
For each of the main OAR plan parameters, 10 or more violations
were recorded in the pre-rCTs; with a maximum of 21 violations

20

15

10

-5

PTV coverage loss in repeat CT-scan [%]
192}

-10

0 2 4 6 8 10 12
PTV displacement in repeat CT-scan [mm]

FIGURE 2

PTV coverage loss in repeat CT scans as a function of PTV
displacement relative to fiducials. Each data point refers to one of
the repeat scans of one of the included patients (70 data points in
total). The dotted line is a linear fit.
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out of 29 for the gallbladder Dmax (one patient did not have a
gallbladder). On average, the six OAR plan parameters had
constraint violations in 44.4% of pre-rCTs. There were
considerable inter-patient differences.

Differences relative to planning in dosimetric OAR dose values
were as large for pre-rCTs as they were for post-rCTs. Differences
relative to planning were similar for pre- and post- rCTs (compare
pre- and post-rCTs in Figure 4). This similarity is also visible in the
last column of Table 1, which shows that the difference between pre-
and post-rCT's was statistically significant only for stomach V41Gy.

4 Discussion

This is the first study to analyze inter- and intrafraction
variations in doses delivered to targets and OARs in patients with
pCCa. Patients were treated with robotic SBRT using implanted
fiducials for respiratory tracking. Daily dose variations were
assessed with an in-room diagnostic CT-scanner integrated into
the treatment unit. Overall, planned target coverages were on
average 11.9% below the intended 95%. Although, overall, the
target doses in the rCTs deviated only slightly from the planned
values, some PTV coverage losses were >10%. These differences in
rCTs were related to displacements of the targets relative to the
fiducials (non-rigid motion). Although the rCTs had many
considerable OAR constraint violations, these were highly patient
dependent. Differences between OAR pre- and post-rCTs were also
patient dependent, and generally not statistically significant.

As differences between pre- and post-rCTs in OAR plan
parameters were mostly not statistically significant while
deviations between pre-rCTs and pCTs were frequently
statistically significant and large, daily plan adaptation based on
an acquired pre-rCT could be an interesting option to further
explore. Daily plan adaptation has already been investigated for
other abdominal tumors, such as those in the liver and pancreas (22,
23). It was shown in a recent study in which liver tumors were
treated on an MR-Linac with and without daily replanning (24) that
daily replanning led to a lower dose to the OARs and a higher target
coverage. This procedure would need careful investigation, as it
would increase the total treatment time, possibly resulting in (more)
anatomical changes after scanning. This problem has already been
highlighted for the MR-Linac, showing that the long intervals
between scanning and treatment delivery may cause the position
and filling status of healthy tissues to change, thereby reducing the
target coverage and increasing the dose delivered to the OAR (25).

To our knowledge, no timing studies for daily re-segmentation
and plan adaptation for pCCa have yet been performed, either for
the Cyberknife or MR-linacs, or for the Ethos system for daily
adaptive treatment, which was presented recently, and is based on
cone beam CT scans (Varian Medical Systems, Inc) (26). Current
MR-linac systems and the Ethos system are equipped with options
for breath-hold treatment, but not for tracking. Compared to
tracking (as available with the Cyberknife robotic treatment unit),
this would enhance treatment time. The VMAT dose delivery of
Ethos systems may help to deliver treatment faster than static beam
treatments on MR-linacs. The Cyberknife uses a large number of
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7 Planning CT with Liver,
Gallbladder and GTV contour

Fraction 15 post rCT with
Liver, Gallbladder and GTV
contour

Planning CT with contours
from fraction 15 post rCT

FIGURE 3

Example of a large PTV coverage loss (17.7%) in the post-rCT of the last fraction of patient 5, compared to pCT. The increased gallbladder volume
pushed the fiducial away from the target, leading to less efficient tracking and considerable underdosage of the target.

non-coplanar beams to treat tumors, meaning that treatment times
are relatively long. With regard to liver SBRT, convincing evidence
has been found for enhanced dosimetric plan quality with non-
coplanar configurations (27-29). Planning studies comparing
coplanar with non-coplanar treatment for pCCa have not yet
been published.

For treatment accuracy, the optimal system for external beam
photon therapy for pCCa would probably be a unit that has both
on-line MR-guidance and options for non-coplanar dose delivery
and fast and high-quality daily plan adaptation. Such a system is
currently not available. Due to favorable beam characteristics of
proton beams, adequate dose distributions could possibly be
generated with proton therapy, without a need for non-coplanar
beams. For image-guidance, also here MR would be preferable, and
developments on integration of MR are on-going (30). There is also

Frontiers in Oncology

work on going on fast and accurate plan adaptation in proton
therapy, (31).

As an alternative to daily replanning, the Cyberknife system has
an option named “dose shift,” which makes it possible to shift the
full treatment plan if displacement of the target relative to the
fiducials is detected; see Figure 2 (19). While in principle this could
avoid replanning, it might also result in undesired increases in OAR
doses. To verify OAR doses, resulting dose distributions could be
calculated in the acquired pre-rCT. Unfortunately, the dose shift on
the Cyberknife cannot currently be used in combination with
respiratory tracking, as needed for pCCa.

For tracking, this study used fiducial markers implanted close to
the intrahepatic part of the tumor. Our analyses showed
considerable target underdosages in rCTs, which were related to
target displacements relative to these fiducials. While this may have
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TABLE 2 OAR constraint violations in planning and in repeat CTs in the patient population.

Structure pCT pre-rCT post-rCT
parameter + constraint violations/N violations/N violations/N
mean violation + SD, mean violation + SD, mean violation + SD,
range range range
Stomach 0/6 13/35 9/35
V41Gy < 5 cc 3.0+2.0, [0.14,6.9] 2.8 + 1.6, [0.9,5.7]
Stomach 1/6 12/35 10/35
Dmax < 57 Gy 0.28 10.1+ 5.9, [0.03,18.7] 10.3 + 6.8, [0.7,18.7]
Duodenum 0/6 10/35 10/35
V41Gy < 5 cc 5.50 + 2.71, [1.24,9.51] 3.7 + 1.6, [1.8,6.6]
Duodenum 1/6 15/35 17/35
Dmax < 57 Gy 0.9 9.0 + 5.1, [0.5,17.3] 8.0 + 5.0, [0.7,18.1]
Gallbladder 2/6 21/29 19/29
Dmax < 63 Gy 04 + 0.3, [0.15,0.6] 4.5+27,(07,103] 3.9 +2.1,[02,83]
Central biliary tract 0/6 18/35 17/35
D0.5cc < 70 Gy 1.8 + 1.6, [0.01,6.9] 2.1+ 1.7,[03,5.7]

pCT, planning CT; pre- and post-rCT, repeat CT-scans acquired in daily fractions before and after dose delivery. Mean values and ranges only include scans that had a violation. N is the total
number of observations.

Stomach V41Gy [cc] Stomach Dmax [Gy]
A
24 24
: ; )
x & O o
21 £ - s Sh———o—F —3
¥ v Py 2K R : o ¢ - ° g
0 AT o —
w 1 3
R o 14 v 8
6 I M X ey
of— % —s 3 ? (B — [ PE BRSNS BN
22333 3222 2 2233 3 2RI
SRR SRR ENEEEER R R R RE
Ducdenum V41Gy [cc] Duodenum Dmax [Gy]
Cc D
24 A R
¥ aiea
o b - 2 3 3
#1 e 5% LI - o
o 5 O 3 1 ° 2 3 S
4+ a
w i
x [ ~ R <
x o 6_% i ° A 31 4 fey —_— ; : Y
R_ P o
o4 ¢ = ¥ i H 2 1 o
22382 2PXPREE O223RBRIIIRRGEIG
E - - 3838 3 3 3% 3 383 E 3R O3 OZ
a 3 2 2 2 4 2 2 2 2
Gallbladder Dmax [Gy] Central Biliary Tract D0.5cc [Gy]
E
) § - Byl $g 7] ; ; 5
x v i
8 R J RO x
o }_$ A
g Oyro ] v
N 2 IS
<
p—_ mmm___rwni IS EEEW DR e R R R
2 2R 83 2z g 3?335‘31’% g o Rl o RR 4 RI VR +RS xRS
i ey st e
FIGURE 4
For all 6 study patients, P;, re-calculated stomach, duodenum, gallbladder and central biliary tract dose in repeat CT-scans, Rj, acquired pre- and
post-dose delivery, compared to planned dose and planning constraints. For patients 3 and 5 there was an updated treatment plan during the
fractionated treatment (Plan 2). Each panel analyzes a major constraint as described in the STRONG study (see Table 2).
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been caused by non-rigid anatomy changes related to relatively
large distances between fiducials and targets, it might also have been
caused by inaccuracies in our rigid translation-rotation mapping of
targets from pCTs onto rCTs (Materials and Methods section). To
verify the quality of these mappings, we visually inspected the rCTs
with mapped targets. In the five patients with a stent, there was both
an excellent overlap between stents, and between soft tissues around
the mapped GTV. These observations suggest that the observed
large target underdosages were indeed caused by longer-range, non-
rigid anatomy variations, and not by inaccuracies in the rigid
mapping of targets with stents. With this excellent mapping of
targets with stents, one option for further exploration — and thus a
topic for further research - is tracking based on these stents rather
than on implanted fiducials further away.

The only clinically relevant toxicity that was recorded in the
STRONG trial was grade 3 cholangitis, which, despite the use of
very strict planning constraints (32), was reported in five of the six
patients (16). The only patient who did not experience this toxicity
during the follow-up time of the study was patient 5, who had the
lowest planned central biliary tract D0.5cc and even lower D0.5¢cc in
most rCTs (Figure 4F). As a recent study has suggested, one possible
explanation for the lack of toxicity in this patient is the absence of
the stent itself (33).

Interestingly, although some patients had rather large and
frequent constraint violations for duodenum, stomach, and gall
bladder in rCTs, these did not result in dose-limiting toxicity (16)
The constraints applied for planning were apparently strict enough
for these patients to avoid toxicity. To confirm this absence of dose-
limiting toxicity, larger clinical studies should be conducted.

This study had the following limitations. The first, which is
related to the concept of the STRONG phase I clinical trial, is that
only six patients were available for evaluation. However, as pre- and
post- rCTs were acquired in six treatment fractions for each of these
patients, a total of 70 evaluable scans were produced. Second, with
regard to the dose deviations from planning in the rCTs, many of
which were large, with very high percentages of constraint
violations for OARs, we believe that our study clearly indicates
the challenges involved in SBRT for pCCA, but also the options for
further technical improvement. Third, although all repeat imaging
in this study was performed with an in-room diagnostic CT-
scanner, higher segmentation accuracy may have been achieved
by in-room MR imaging. In-room CT-scans were acquired without
IV contrast, which rendered target segmentation in rCTs unfeasible
and OAR delineation more challenging. Fourth, as also described
above, mapping of targets from pCTs to rCTs appeared to be
accurate. Although tracking effectively compensated for intra-
fraction respiratory motion, the lack of continuous imaging
means that the intra-fraction dose variations unrelated to
breathing should be regarded as lower limits. Fifth, only
dosimetry in exhale was investigated. Finally, although the beam
models used in the clinical dose engine and the standalone dose
engine differed slightly, it was possible to resolve this difference with
a minor correction of the calculated rCT doses.
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5 Conclusions

During treatment for perihilar cholangiocarcinoma using
robotic SBRT with respiratory tumor tracking, reductions in
target coverage were greater than planned. These were attributed
to non-rigid anatomy variations. Moreover, many of the daily OAR
doses delivered were considerably higher than planned, indicating
significant constraint violations. For most OAR plan parameters,
intra-fraction changes were not statistically significant. The
divergences between the doses delivered and those planned
indicate opportunities for using advanced adaptive and motion-
management approaches to enhance treatment quality.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material. Further inquiries can be
directed to the corresponding author.

Ethics statement

The studies involving human participants were reviewed and
approved by Erasmus MC Medical Ethical Committee. The
patients/participants provided their written informed consent to
participate in this study.

Author contributions

Conceptualization: AM and BH. Methodology: BH, CP, AM,
MM, RB. Software: WD, MM. Validation: CP, WD, MM, YV, RB,
BH, AM. Formal analysis: CP, WD, MM, YV, BH, AM.
Investigation: CP, WD, MM, YV, BH, AM. Resources: AM, BH.
Data curation: CP, WD. Writing—original draft preparation: CP.
Writing—review and editing: CP, WD, MM, YV, RB, BH, AM.
Visualization: CP, WD, YV, BH. Supervision: AM, BH. Project
administration: AM. All authors have read and agreed to the
published version of the manuscript. All authors contributed to
the article and approved the submitted version.

Acknowledgments

To J.J.MLE. Nuyttens, from the Department of Radiotherapy,
Erasmus MC Cancer Institute, for reviewing the radiotherapy
treatment plans; and to the Outcome Unit of the department of
Radiotherapy, Erasmus MC Cancer Institute, for the data
management of the study.

frontiersin.org


https://doi.org/10.3389/fonc.2023.1114737
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Paronetto et al.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated

References

1. Weiss MJ, Cosgrove D, Herman JM, Rastegar N, Kamel I, Pawlik TM.
Multimodal treatment strategies for advanced hilar cholangiocarcinoma. Langenbecks
Arch Surg (2014) 399:679-92. doi: 10.1007/s00423-014-1219-1

2. Valle J, Wasan H, Palmer DH, Cunningham D, Anthoney A, Maraveyas A, et al.
Cisplatin plus gemcitabine versus gemcitabine for biliary tract cancer. N Engl | Med
(2010) 362:1273-81. doi: 10.1056/NEJM0a0908721

3. Lamarca A, Palmer DH, Wasan HS, Ross PJ, Ma YT, Arora A, et al. Second-line
FOLFOX chemotherapy versus active symptom control for advanced biliary tract
cancer (ABC-06): A phase 3, open-label, randomised, controlled trial. Lancet Oncol
(2021) 22:690-701. doi: 10.1016/S1470-2045(21)00027-9

4. Shin DW, Kim M]J, Lee JC, Kim J, Woo SM, Lee WJ, et al. Gemcitabine plus
cisplatin chemotherapy prolongs the survival in advanced hilar cholangiocarcinoma: A
Large multicenter study. (2020) 43(6):422-427. doi: 10.1097/COC.0000000000000682

5. Oh D-Y, He AR, Qin S, Chen L-T, Okusaka T, Vogel A, et al. A phase 3 randomized,
double-blind, placebo-controlled study of durvalumab in combination with gemcitabine
plus cisplatin (GemCis) in patients (pts) with advanced biliary tract cancer (BTC): TOPAZ-
1. ] Clin Oncol (2022) 40, no. 4_suppl:378-8. doi: 10.1200/JCO.2022.40.4_suppl.378

6. Wang N, Huang A, Kuang B, Xiao Y, Xiao Y, Ma H. Progress in radiotherapy for
cholangiocarcinoma. Front Oncol (2022) 22. doi: 10.3389/fonc.2022.868034

7. Mahadevan A, Dagoglu N, Mancias J, Raven K, Khwaja K, Tseng JF, et al.
Stereotactic body radiotherapy (SBRT) for intrahepatic and hilar cholangiocarcinoma. J
Cancer (2015) 6:1099-104. doi: 10.7150/jca.13032

8. Kopek N, Holt MI, Hansen AT, Hoyer M. Stereotactic body radiotherapy for
unresectable cholangiocarcinoma. Radiother Oncol (2010) 94:47-52. doi: 10.1016/
j.radonc.2009.11.004

9. Polistina FA, Guglielmi R, Baiocchi C, Francescon P, Scalchi P, Febbraro A, et al.
Chemoradiation treatment with gemcitabine plus stereotactic body radiotherapy for
unresectable, non-metastatic, locally advanced hilar cholangiocarcinoma. results of a
five year experience. Radiother Oncol (2011) 99:120-3. doi: 10.1016/j.radonc.2011.05.016

10. Barney BM, Olivier KR, Miller RC, , Haddock MG. Clinical outcomes and
toxicity using stereotactic body radiotherapy (SBRT) for advanced
cholangiocarcinoma. Radiat Oncol (2012) 7:67. doi: 10.1186/1748-717X-7-67

11. Momm F, Schubert E, Henne K, Hodapp N, Frommhold H, Harder J, et al.
Stereotactic fractionated radiotherapy for klatskin tumours. Radiother Oncol (2010)
95:99-102. doi: 10.1016/j.radonc.2010.03.013

12. Jung DH, Kim M-S, Cho CK, Yoo H]J, Jang WI, Seo YS, et al. Outcomes of
stereotactic body radiotherapy for unresectable primary or recurrent
cholangiocarcinoma. Radiat Oncol ] (2014) 32:163-9. doi: 10.3857/r0j.2014.32.3.163

13. Sandler KA, Veruttipong D, Agopian VG, Finn RS, Hong JC, Kaldas FM, et al.
Stereotactic body radiotherapy (SBRT) for locally advanced extrahepatic and
intrahepatic cholangiocarcinoma. Adv Radiat Oncol (2016) 1:237-43. doi: 10.1016/
j.adro.2016.10.008

14. Gkika E, Hallauer L, Kirste S, Adebahr S, Bartl N, Neeff HP, et al. Stereotactic
body radiotherapy (SBRT) for locally advanced intrahepatic and extrahepatic
cholangiocarcinoma. BMC Cancer (2017) 17:781. doi: 10.1186/s12885-017-3788-1

15. Thuehej AU, Andersen NC, Worm ES, Hoyer M, Tabaksblat EM, Weber B, et al.
Clinical outcomes after stereotactic ablative radiotherapy in locally advanced
cholangiocarcinoma. Acta Oncol (2022) 61(2):197-201. doi: 10.1080/
0284186X.2021.1995893

16. Baak R, Willemssen FEJA, van Norden Y, Eskens FALM, Milder MTW,
Heijmen BJM, et al. Stereotactic body radiation therapy after chemotherapy for
unresectable perihilar cholangiocarcinoma: The STRONG trial, a phase I safety and
feasibility study. Cancers (2021) 13:3991. doi: 10.3390/cancers13163991

17. Koedijk MS, Heijmen BJM, Groot Koerkamp B, Eskens FALM, Sprengers D,
Poley JW, et al. A. protocol for the STRONG trial: stereotactic body radiation therapy

Frontiers in Oncology

10.3389/fonc.2023.1114737

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2023.1114737/
full#supplementary-material

following chemotherapy for unresectable perihilar cholangiocarcinoma, a phase I
feasibility study. BMJ Open (2018) 8:¢020731. doi: 10.1136/bmjopen-2017-020731

18. Seppenwoolde Y, Wunderink W, Wunderink-van Veen SR, Storchi P, Méndez
Romero A, Heijmen BJ. Treatment precision of image-guided liver SBRT using
implanted fiducial markers depends on marker-tumour distance. Phys Med Biol
(2011) 56:5445-68. doi: 10.1088/0031-9155/56/17/001

19. Papalazarou C, Klop GJ, Milder MTW, Marijnissen JPA, Gupta V, Heijmen
BJM, et al. CyberKnife with integrated CT-on-rails: System description and first clinical
application for pancreas SBRT. Med Phys (2017) 44:4816-27. doi: 10.1002/mp.12432

20. Schipaanboord BWK, Heijmen B, Breedveld S. Accurate 3D-dose-based
generation of MLC segments for robotic radiotherapy. Phys Med Biol (2020)
65:175011. doi: 10.1088/1361-6560/ab97¢7

21. Schipaanboord BWK, Gizynska MK, Rossi L, de Vries KC, Heijmen BJM,
Breedveld S. Fully automated treatment planning for MLC-based robotic radiotherapy.
Med Phys (2021) 48:4139-47. doi: 10.1002/mp.14993

22. Leinders SM, Breedveld S, Méendez Romero A, Schaart D, Seppenwoolde Y,
Heijmen BJ. Adaptive liver stereotactic body radiation therapy: Automated daily plan
reoptimization prevents dose delivery degradation caused by anatomy deformations.
Int ] Radiat Oncol Biol Phys (2011) 87:1016-21. doi: 10.1016/j.ijrobp.2013.08.009

23. Magallon-Baro A, Milder MTW, Granton PV, Nuyttens JJ, Hoogeman MS.
Comparison of daily online plan adaptation strategies for a cohort of pancreatic cancer
patients treated with SBRT. Int J Radiat Oncol Biol Phys (2021) 111:208-19.
doi: 10.1016/1.ijrobp.2021.03.050

24. Rogowski P, von Bestenbostel R, Walter F, Straub K, Nierer L, Kurz C, et al.
Feasibility and early clinical experience of online adaptive MR-guided radiotherapy of
liver tumors. Cancers (2021) 13:1523. doi: 10.3390/cancers13071523

25. Mannerberg A, Persson E, Jonsson ], Gustafsson CJ, Gunnlaugsson A, Olsson
LE, et al. Dosimetric effects of adaptive prostate cancer radiotherapy in an MR-linac
workflow. Radiat Oncol (2020) 15:168. doi: 10.1186/s13014-020-01604-5

26. Michiels S -, Poels K, Crijns W, Delombaerde L, De Roover R, Vanstraelen B,
et al. Volumetric modulated arc therapy of head-and-neck cancer on a fast-rotating O-
ring linac: Plan quality and delivery time comparison with a c-arm linac. Radiother
Oncol (2018) 128:479-84. doi: 10.1016/j.radonc.2018.04.021

27. Habraken SJM, Sharfo AWM, Buijsen J, Verbakel WFAR, Haasbeek CJA, Ollers
MC, et al. The TRENDY multi-center randomized trial on hepatocellular carcinoma -
trial QA including automated treatment planning and benchmark-case results.
Radiother Oncol (2017) 125:507-13. doi: 10.1016/j.radonc.2017.09.007

28. Woods K, Nguyen D, Tran A, Yu VY, Cao M, Niu T, et al. Viability of non-
coplanar VMAT for liver SBRT as compared to coplanar VMAT and beam orientation
optimized 41 IMRT. Adv Radiat Oncol (2016) 1:67-75. doi: 10.1016/j.adro.2015.12.004

29. Sharfo AW, Dirkx ML, Breedveld S, Méndez Romero A, Heijmen BJ. VMAT
plus a few computer-optimized non-coplanar IMRT beams (VMAT+) tested for liver
SBRT. Radiother Oncol (2017) 123:49-56. doi: 10.1016/j.radonc.2017.02.018

30. Hoffmann A, Oborn B, Moteabbed M, Yan S, Bortfeld T, Knopf A, et al. MR-
guided proton therapy: A review and a preview. Radiat Oncol (2020) 15:129.
doi: 10.1186/s13014-020-01571-x

31. Oud M, Breedveld S, Gizyn iska M, Kroesen M, Hutschemaekers S, Habraken S,
et al. An online adaptive plan library approach for intensity modulated proton therapy for
head and neck cancer. Radiother Oncol (2022) 176:68-75. doi: 10.1016/j.radonc.2022.09.011

32. Tao R, Krishnan S, Bhosale PR, Javle MM, Aloia TA, Shroff RT, et al. Ablative
radiotherapy doses lead to a substantial prolongation of survival in patients with
inoperable intrahepatic cholangiocarcinoma: A retrospective dose response analysis. |
Clin Oncol (2016) 34:219-26. doi: 10.1200/JC0O.2015.61.3778

33. Osmundson EC, Wu Y, Luxton G, Bazan JG, Koong AC, Chang DT. Predictors
of toxicity associated with stereotactic body radiation therapy to the central
hepatobiliary tract. Int J Radiat Oncol Biol Phys (2015) 91:986-94. doi: 10.1016/
j.ijrobp.2014.11.028

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2023.1114737/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2023.1114737/full#supplementary-material
https://doi.org/10.1007/s00423-014-1219-1
https://doi.org/10.1056/NEJMoa0908721
https://doi.org/10.1016/S1470-2045(21)00027-9
https://doi.org/10.1097/COC.0000000000000682
https://doi.org/10.1200/JCO.2022.40.4_suppl.378
https://doi.org/10.3389/fonc.2022.868034
https://doi.org/10.7150/jca.13032
https://doi.org/10.1016/j.radonc.2009.11.004
https://doi.org/10.1016/j.radonc.2009.11.004
https://doi.org/10.1016/j.radonc.2011.05.016
https://doi.org/10.1186/1748-717X-7-67
https://doi.org/10.1016/j.radonc.2010.03.013
https://doi.org/10.3857/roj.2014.32.3.163
https://doi.org/10.1016/j.adro.2016.10.008
https://doi.org/10.1016/j.adro.2016.10.008
https://doi.org/10.1186/s12885-017-3788-1
https://doi.org/10.1080/0284186X.2021.1995893
https://doi.org/10.1080/0284186X.2021.1995893
https://doi.org/10.3390/cancers13163991
https://doi.org/10.1136/bmjopen-2017-020731
https://doi.org/10.1088/0031-9155/56/17/001
https://doi.org/10.1002/mp.12432
https://doi.org/10.1088/1361-6560/ab97e7
https://doi.org/10.1002/mp.14993
https://doi.org/10.1016/j.ijrobp.2013.08.009
https://doi.org/10.1016/j.ijrobp.2021.03.050
https://doi.org/10.3390/cancers13071523
https://doi.org/10.1186/s13014-020-01604-5
https://doi.org/10.1016/j.radonc.2018.04.021
https://doi.org/10.1016/j.radonc.2017.09.007
https://doi.org/10.1016/j.adro.2015.12.004
https://doi.org/10.1016/j.radonc.2017.02.018
https://doi.org/10.1186/s13014-020-01571-x
https://doi.org/10.1016/j.radonc.2022.09.011
https://doi.org/10.1200/JCO.2015.61.3778
https://doi.org/10.1016/j.ijrobp.2014.11.028
https://doi.org/10.1016/j.ijrobp.2014.11.028
https://doi.org/10.3389/fonc.2023.1114737
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Inter- and intrafraction dose variations in robotic stereotactic body radiation therapy (SBRT) for perihilar cholangiocarcinoma in the prospective phase I STRONG trial
	1 Introduction
	2 Materials and methods
	2.1 Patients and clinical workflow
	2.2 Acquisition of rCTs
	2.3 Target and OAR contours in rCTs
	2.4 rCT dose calculations
	2.5 Evaluation of rCT doses
	2.6 Statistical analyses

	3 Results
	3.1 Target-dose deviations
	3.2 OAR dose deviations

	4 Discussion
	5 Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Acknowledgments
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


