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Abstract

At external beam radiotherapy for some tumors located at thorax region due to lack of information in gray scale
fluoroscopic images tumor position determination is problematic. One of the clinical strategies is to implant clip as internal
fiducial marker inside or near tumor to represent tumor position while the contrast of implanted clip is highly observable
rather than tumor. As alternative, using natural anatomical landmarks located at thorax region of patient body is proposed
to extract tumor position information without implanting clips that is invasive method with possible side effect. Among
natural landmarks, ribs of rib-cage structure that result proper visualization at X-ray images may be optimal as repre-
sentative for tumor motion. In this study, we investigated the existence of possible correlation between ribs as natural
anatomical landmarks and various lung and liver tumors located at different sites as challenging issue. A simulation study
was performed using data extracted from 4-dimensional extended cardiac-torso anthropomorphic phantom that is able to
simulate motion effect of dynamic organs, as well. Several tumor sites with predefined distances originated from chosen ribs
at anterior—posterior direction were simulated at 3 upper, middle, and lower parts of chest. Correlation coefficient
between ribs and tumors was calculated to investigate the robustness of ribs as anatomical landmarks for tumor motion
tracking. Moreover, a consistent correlation model was taken into account to track tumor motion with a rib as best
candidate among selected ribs. Final results represent availability of using rib cage as anatomical landmark to track lung and
liver tumors in a noninvasive way. Observations of our calculations showed a proper correlation between tumors and ribs
while the degree of this correlation is changing depends on tumor site while lung tumors are more varied and complex with
less correlation with ribs motion against liver tumors.
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delineation during treatment planning system and (2) dose
delivery technique at beam irradiation system.' The degree of
a success treatment is strongly depending on the accuracy of
tumor localization as a main component of treatment planning
process. This issue will be a serious concern while tumors
located at thorax region move semi-irregularly due to breathing
phenomena. This error known as intrafractional organs motion
error may lead to a significant uncertainty of tumor localization
and therefore a great amount of over-under dosage is happened
onto tumor and healthy surrounding tissues that is far away
from prescribed dose.>” Several strategies have been proposed
to compensate the effect of tumor motion error on planned dose
such as breath-holding, respiratory motion-gating, and real-
time tumor tracking techniques.®'>

In breath-holding technique, the goal is to immobilize the
tumor by asking the patient to keep breathing in a specific
level. Breath-holding technique requires cooperating patients
that is problematic for patients with noncontrolled breath-
ing.®'% Respiratory-gated radiotherapy was proposed as
another method to save normal surrounding tissue against addi-
tional high dose by irradiating the therapeutic beam only in a
predefined phase of the breathing cycle.'""' In real-time tumor
tracking technique, the irradiation beam is continuously repo-
sitioned dynamically to trace tumor motion in real time. In this
method, the beam is always ON during a treatment fraction. In
order to implement 2 latter techniques, tumor position infor-
mation must be extracted as function of time during treatment.
Among several strategies proposed for tumor motion monitor-
ing, some of clinically available techniques range from contin-
uous X-ray imaging (ie, fluoroscopy) to the use of external
surrogates radiotherapy.'®*’

In an ideal form, the tumor motion would be observed con-
tinuously using fluoroscopic imaging system at external beam
radiotherapy. While tumor contrast is not proper during ima-
ging by fluoroscopy, a fiducial marker is implanted near or
inside tumor volume representing a given point of tumor.
During each irradiation fraction, implanted fiducial is traced
by means of fluoroscopy imaging system, providing
3-dimensional (3D) coordinates at usually 30 frames per sec-
ond. The tumor motion information is then utilized to turn the
beam ON while the tumor is in the desired place at radiotherapy
based on motion gated. Apart from some advantageous points
of using fluoroscopy imaging, this method would deliver too
much imaging dose mainly at hypofractionated radiotherapy
and radiosurgery. As solution, using external surrogates tech-
nique, the patient is kept away additional imaging dose versus
fluoroscopy-based tumor motion monitoring.

In radiotherapy with both continuous imaging and external
surrogates techniques for motion monitoring, since some
tumors located at special sites have not enough visibility at
images taken by fluoroscopy and stereoscopic X-ray systems
(due to low contrast); internal clips are implanted inside or near
tumor to represent tumor position with a 3D spatial point
shown by x(t), y(t), and z(t) over time.'*

Implementing internal clips raise some concerns as (1) side
effects of invasive procedure of clip implantation inside or near

tumor, (2) marker migration, and (3) risk of pneumothorax for
lung cancers.*’

Taking into account these limitations, getting any strategy to
track tumor motion without using internal artificial markers can
be strongly helpful to minimize patient difficulties and also
treatment costs. In this study, we are interested in investigating
the representative role of internal anatomical landmarks
belonging to patient organs at thorax region instead of
implanted fiducial markers at radiotherapy guided by fluoro-
scopy X-ray imaging system. While tumor position is unclear
in images taken by fluoroscopy imaging, relevant moving
structures around tumor volume with proper contrast can be
considered as anatomical landmarks to produce internal motion
signals, 3 dimensionally.>'* Chosen natural landmarks must
include 2 major characteristics: (1) proper visualization at
X-ray images to be tracked precisely and (2) certain correlation
with tumor motion. Assuming first property is available, in this
work we are investigating to find the existence of possible
linear or nonlinear relationship between anatomical landmark
motion and tumor motion. By proving certain and reliable this
correlation, as next step, the motion data of anatomical land-
mark are correlated with tumor motion using a consistent cor-
relation model. Therefore, tumor motion tracking is performed
properly without implementing clips.

Several works have been done to predict tumor motion using
surrogate anatomic features in the images such as diaphragm
and lung boundary.>?* In this study, we investigated the role
of ribs (from rib-cage structure) to be used as natural internal
markers for lung and liver tumors. To do this, several inner
points of different ribs were taken into account as natural ana-
tomical landmark with 2 groups of lung and liver tumors
located at different positions to complete our assessment. In
order to clarify the procedure of our work, we tested all the
possible correlations between anatomical landmarks motion
with assumed tumors motion at different distances inside lung
and liver regions during breathing cycles.

To implement ribs as anatomical landmark for tumor track-
ing, there are several concerns that must be addressed. The
most challenging issue is the distance between supposed tumor
and determined anatomical landmarks on different ribs. In fact,
the validity and reliability of configured correlation model
must be considered as responsible to correlate any superficial
and deep tumors with given points at various ribs of rib cage.
For more clarifying, the performance of ribs as anatomical
natural landmark is compared with diaphragm at the same
condition on a group of predefined tumors. Moreover, we are
interested in finding optimum ribs to be tracked for most lung
and liver tumors.

In order to address these challenging issues, a simulation
study was performed using 4-dimensional extended cardiac-
torso (4DXCAT) anthropomorphic phantom developed by
Dr Segars et al.>* Using this phantom, internal organs at thorax
region such as liver and lung are easily accessible to define any
arbitrary tumors at different sites regarding with ribs position
where there is no option in real condition to conclude the
proposed method with reasonable uncertainty error.
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Figure 1. Computed tomography (CT) images extracted from XCAT phantom at 2 inhale (upper images) and exhale (lower images) respiratory
phases. A typical lung tumor is shown in pictures. Left, middle, and right images are coronal view, sagittal view, and transverse view of extended

cardiac-torso (XCAT) phantom, respectively.

After determining phantom parameters according to motion
information of real patients treated with Cyberknife Synchrony
system, the motion pattern of tumors and anatomical landmarks
of the ribs were extracted for finding possible correlation
among them. Moreover, in this work, an adaptive neuro-
fuzzy-based correlation model was used to predict tumor
motion from rib motion as output. Based on our previous stud-
ies,*>7 this model may be optimal for correlating the rib cage
motion with internal tumor motion due to a high degree of
uncertainty and time-varying characteristics of breathing
phenomena.

Apart from the differences between motion pattern of dif-
ferent tumors and ribs, final analyzed results represent that ribs
are robust to be used as anatomical landmarks for lung and liver
tumors. It has been proven comparing the ribs as anatomical
landmark with diaphragm using the same database at the same
condition in this work. Correlation coefficient parameter uti-
lized in this work and the performance of utilized correlation
model realized that choosing the best rib as anatomical land-
mark for tumor motion depends highly on the location of
tumor. As clinically, selecting the best rib that is most corre-
lated with an assumed tumor and then generating a proper
correlation model to predict tumor position must be done at
pretreatment step. Then, the model is ready to track tumor
motion using only rib motion information during treatment.
Moreover, as shown tumors located at liver organ have better
correlation with the ribs in comparison with lung tumors in the
same condition.

Materials and Methods

XCAT Anthropomorphic Phantom and Database
Extraction

As mentioned, since contrast parameter of ribs is satisfied at
fluoroscopy images we are interested in using its possible cor-
relation with lung and liver tumors as representative. To do
this, a simulation study was accomplished using 4DXCAT
anthropomorphic phantom. This validated phantom that is
commercially available has been developed to simulate the
shapes and structures of complex organs in human body along
with motion of dynamic organs such as respiratory system.>*
As XCAT phantom is hybrid between the realism of pixel-
based and the flexibility of geometry-based phantoms, it can
model dynamic process better than other available cases.*®

The XCAT consists of detailed whole-body models for the
standard male and female adult and also motion modeling of
the cardiac and respiratory systems. In this phantom, nonuni-
form rational b-splines (NURBS) surfaces were utilized to con-
struct the organ shapes using the 3D anatomical computational
tomography data set. Deformable registration map can also be
extracted from the spline-based representation approach. Fig-
ure 1 shows typical visual application of images extracted from
XCAT phantom with a lung tumor at 2 different breathing
phases.

Table 1 shows 6 different breathing cycles with their char-
acteristics generated by this phantom to mimic real respiratory
pattern. For better simulation accuracy, the required parameters
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Table 1. Characteristics of 6 Different Respiratory Cycles Created by
XCAT Phantom.

Time of
Breathing  Respiratory Maximum Maximum Anterior—
Cycle Period, Diaphragm  Posterior Expansion of
Number Seconds Motion, cm Chest Wall, cm
1 5 2 1.2
2 5 1.7 0.7
3 4 1.2 0.5
4 6 22 1.3
5 5.5 1.8 1
6 3.5 1 0.5

Abbreviation: XCAT, extended cardiac-torso.

of XCAT phantom was defined according to motion informa-
tion of real patients. For instance, maximum anterior—posterior
(AP) expansion of chest wall and time of respiratory period
were determined using amplitude and frequency of respiratory
motion signals of real patients treated with Cyberknife Syn-
chrony System at Georgetown University medical center
(Washington, District of Columbia). This table shows the
implemented breathing information in combination with
inserted lung and liver tumors utilized in this work.

It should be noted that required motion database is extracted
by means of vector generator mode of XCAT phantom. This
mode generates displacement vector field (DVF) of real-time
motion tracking of internal anatomical landmarks (ribs) and
assumed lung and liver tumors predefined at different distances
versus ribs position. Similar to deformable image registration,
DVFs include motion information for each voxel of one frame
to another frame without uncertainty errors raise due to
deformable image registration strategies.

For extracting the location of tumors and desired landmark
points of ribs, time interval between data acquisition step
required for each frame was assumed to be 25 ms. Totally, 6
ribs were chosen equally from left and right sides of the rib-cage
structure as anatomical landmarks for lung and liver tumors.
Behind each rib, a tumor was assumed to be located at several
specific points of a line from superficial areas toward lung depth
at AP direction. Tumors volume was assumed to be 268 mm®.
During respiration, the relation between motions data of
assumed tumor at specific distance from a given rib is considered
with motion data of an inner point of that rib as anatomical
landmark, in a synchronized fashion. This strategy is repeated
for all predefined lung and liver tumors at 6 supposed lines at left
and right sides of lung region. By this way, the effect of distance
on relation between rib-based anatomical landmarks and
assumed tumors is tested. As metric tool, correlation coefficient
is utilized as mathematical analysis to find how tumors motion
are correlated with synchronized ribs motion for each point con-
cerning lung tumors, separately. The same calculation was also
implemented for liver tumors taking into account 2 ribs were
chosen as anatomical landmarks. As another issue, we are also
interested in finding a rib that has the most correlated with a
group of distributed tumors in specific regions. For this purpose,

the correlation coefficient parameter between right rib number 3
and a lung tumor located at different distances behind this rib
were taken into account versus other given ribs.

To identify anatomical landmarks, paired ribs with number
2,3, and 5 in right and left sides of chest wall were chosen. Ribs
with these numbers represent upper, middle and lower parts of
anatomical regions for lung tumors. For liver tumors, paired 7
and 8 ribs were selected with same aim. By this way, 6 anato-
mical landmarks in lung (left upper, left middle, left lower,
right upper, right middle, and right lower) and 2 anatomical
landmarks in liver (upper and lower) were taken into account
with corresponding lung and liver tumors.

Behind each rib, an assumed tumor was considered to be
located at several predefined points on a line at each simulation
process. This line is started from rib toward a specific depth of
lung and liver regions at AP direction. The aim is to simulate
several tumor sites with specific distance in AP direction from
chosen ribs at different parts. Figure 2 shows typically ribs as
anatomical landmarks and tumors center at different simulation
process for right ribs.

During respiration, the relation between motion data of each
tumor at specific distance from a given rib is considered with
motion data of our anatomical point (landmark) of given rib in
a synchronized form. This strategy is repeated for all prede-
fined tumors at 6 supposed lines of left and right sides of lung
region and 3 supposed lines of liver region.

For right rib no. 3 (rrib3), 2 points in rib and 2 groups of
tumors behind corresponding points were considered to inves-
tigate the location effect of desired point on rib in correlation
between rib and tumor. Figure 3 shows relative anatomical
location between ribs and corresponding tumors in simulating
lung and liver tumors respectively with anatomical landmarks
as described previously.

In order to measure an affine relationship between the
motion of rib and tumor, the correlation coefficient was calcu-
lated to investigate the ability of ribs to be used as anatomical
landmarks for lung and liver tumor tracking. The correlation
coefficient parameter between the rib and tumor motion signals
was calculated as follow:

Z Z(Aij — A)(B;—B)

V(zzwv—@z)(zzwy—mﬁ
I lJ : I Jl ' M)
X Y

where 7 is the correlation coefficient between 2 matrices with
the same size, 4 and B are 2D matrices with 3 columns repre-
senting rib and tumor motion in 3 dimensions, respectively. Aij
is ith rib motion data point from jth motion dimension of a
given rib and Bjj is ith tumor motion data point form jth motion
dimension of an assumed tumor. 4 and B are the average of 4
and B matrices, respectively.
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sagital plane

Figure 2. Left side: ribs of rib cage as anatomical landmarks and simulated tumors behind right ribs in front of lung and liver. Right side: rib

numbering and location of sagittal plane compared to rib cage.

The Performance of Adaptive Neuro-Fuzzy Correlation
Model

While using implanted clip or anatomical landmark as represen-
tative for moving tumors, a model must be utilized to correlate
tumor motion with clip or natural landmark. Using correlation
models is mandatory at both fluoroscopy-based and also exter-
nal surrogate radiotherapy. In latter case, tumor position infor-
mation can be obtained by correlating motion data of tumor with
motion data of some external markers located on chest and/or
abdomen by means of a consistent correlation model.*** It
should be considered that the output of each utilized correlation
model at tumor motion estimation is always with an uncertainty
error that may affect on model performance accuracy. The var-
ious correlation models differ in terms of performance accuracy
and complexity and range from simple linear correlation to non-
deterministic models. In this study, we utilized a correlation
model based on an adaptive neuro-fuzzy inference system
(ANFIS) to correlate tumor motion with the motion of a selected
rib as representative in fluoroscopy-based radiotherapy. This
model is able to combine the abilities of fuzzy systems with
numeric power of neural adaptive network systems in model
configuration for accurate prediction of tumor motion. Due to
a high degree of uncertainty and time-varying characteristics of
breathing phenomena, an adaptive neuro-fuzzy model may be
optimal for correlating the rib cage motion with internal tumor
motion as a crucial issue in external beam radiotherapy.

Since, ANFIS correlation model works on the basis of learn-
ing process, the model must be configured in pretreatment step

before irradiating therapeutic beam using training data (Figure
4, dashed rectangular). Training data include rib motion data in
X, ¥, and z directions as input of the model and the correspond-
ing internal tumor motion data as model output in a synchro-
nized form. In this step, internal tumor motion is correlated
with rib cage data by classifying, model learning, and rule
extraction. When ANFIS is built, the model is ready to track
tumor motion as output versus time using only 3D rib motion
data (Figure 4, solid black line). In the implemented ANFIS
algorithm, input data collected from rib was shown in a matrix
with 3 columns, where columns represent the x(t), y(t), and z(t)
of rib position. Among 6 breathing cycles utilized in this work,
ANFIS is configured using the information of 4 cycles and the
rest of them are used for model test. Moreover, for quantitative
investigation on ANFIS model performance the root mean
square error (RMSE) parameter was utilized in this work. The
RMSE gives the difference between predicted and correspond-
ing observed values that are each squared and then averaged
over the sample. Finally, the square root of the average is taken.

In our utilized ANFIS, tuning the nonlinear premise para-
meters is done iteratively and this process is controlled propor-
tional with the error value in correlating input—output data set
in the fuzzy inference system section. In this model, fuzzy
inference method is on the basis of Sugeno type, utilized Mem-
bership functions are in Gaussian and if-then rules (that are
equal to the number of clusters) are connected with AND (min-
imum selection criteria) operator in antecedent and consequent
parts of fuzzy inference system. Defuzzification as final step is
also achieved by centroid calculation method.
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Figure 3. Some of ribs and tumors in lung and liver. Blue points represent rib cage and red and green points represent simulated tumors behind

ribs in extended cardiac-torso (XCAT) phantom.

Results

Final results of correlation coefficient between ribs and tumors
are shown in Figure 5. For lung tumors according to this figure,
by increasing the distance between tumor and rib in AP direc-
tion, the correlation coefficient between them has been
decreased. For tumors that located behind right rib no. 2 (rrib2)
and left rib no. 2 (Irib2), with distance increment toward a
specific depth inside lung region, the correlation coefficient
is decreased to zero, but after this depth, by increasing the
distance, the absolute value of correlation coefficient has been
increased as shown. As resulted, the distance effect is more
remarkable for Irib2 and its corresponding tumor while corre-
lation coefficient reach faster to zero regarding the other ribs,
especially at depth from 60 to 80 mm.

In Figure 5, for tumor located behind left rib no. 5 (Irib5)
and right rib no. 5 (rrib5), there are 2 discontinuities as prompt

shift down-to-ups at 56 and 26 mm depth and up-to-down at
108 and 100 mm depth, respectively, in the curves. The first
shift belongs to the place which the distance between tumor and
diaphragm has been increased and therefore the correlation
coefficient between tumor and rib has been increased. Second
is belong to the place which tumor is closed to the diaphragm
and therefore the correlation coefficient has been increased.
Because of a more shift of tumor located behind rrib5
(12 mm in superior—inferior [SI] direction) in comparison with
Irib5 (6 mm in SI direction), these changes are more noticeable
for rrib5.

As seen in Figure 5, with the exception of rrib5, the starting
point of other curves for tumors close to the rib, the correlation
coefficient parameter is near 1. This means the maximum cor-
relation is happening between ribs and superficial tumors near
them.
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Considering correlation coefficient between ribs and corre-
sponding liver tumors, for a given tumor located at different
sites behind right rib no. 8 (rrib8), while the distance increases
in AP direction, the calculated correlation coefficient is
increased. But, this the curve slope increment is very slow in
regard with lung tumors. For right rib no. 7 (rrib7) at first with
distance increasing, the correlation coefficient has been
increased till a specified depth and then it has been almost
constant. As resulted, the correlation between ribs and tumors
located in liver is not remarkably influenced by distance
increment.

Figure 6 shows 1-dimentional motion of Irib2 with 2 assumed
tumors at 2 close (tumor no. 1) and far (tumor no. 14) distances
away from this rib on AP direction as function of time. As shown
in this figure, both tumors motion have same phase with rib
motion while deeper tumor (no. 14) motion may disturbs mainly
at inhalation—exhalation peaks against superficial tumor that is
due to heart bit (no. 1). As seen in this figure, motion amplitude
of rib is 10.34 mm while this value is 19.14 and 8.7 mm on AP
direction for superficial and deep tumors, respectively.

Figure 7 shows 3D real (A and B) and predicted (C and D)
motion data of 2 given ribs and an assumed tumor at different
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Figure 7. Three- dimensional (3D) real (A and B) and predicted (C and D) motion data of 2 given ribs and an assumed tumor at different sites.

sites. In this figure, 2 chosen ribs are Irib2 and rrib5 belonging
to ventral part of lung (blue line) and assumed tumor is located
at different distance behind these ribs (green, red, cyan,
magenta, yellow, and black lines). Tumor motion was

predicted using ANFIS correlation model using only ribs
motion database as input. As seen, there is a close correlation
between actual and predicted motions database depends on
tumor site.
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Figure 8. The correlation coefficient between tumors that located behind rrib3 and all ribs that located on the ventral of lung. Vertical axis shows
the correlation coefficient between mentioned tumor and all ribs. Horizontal axis shows the distance between tumor and fixed point on rrib3.

In order to discover the best rib as anatomical landmark to
track tumor motion, the correlation coefficient between 3D
motion of all ribs located on the ventral part of lung and an
assumed tumor located at different sites behind rrib3 has been
taken into account. The results of this calculation were shown
in Figure 8. According to this figure correlation mode between
tumors and ribs can be categorized into 2 groups. The first
group including Irib5, left rib no. 3 (Irib3), and Irib2 have a
negative correlation with tumors located at right side of the
lung as opposed direction with these ribs. In should be noted
that all of these ribs are located on the ventral part of left lung.
Moreover, correlation behavior of rrib5 located at the bottom of
assumed tumors is similar with 3 mentioned left ribs, but in
positive mode. By increasing the distance between tumor and
rib in AP direction, the correlation coefficient between them
has been increased to near —1" until a specific depth and then,
it has been decreased. The second group includes rrib3 and
rrib2 located in front and at the top of the assumed tumors,
respectively. For these ribs, by increasing the distance between
tumor and rib, the correlation coefficient is decreased to zero
until specific depth and then it will be increased. These 2
groups have an opposite behavior. Finally, depending on where
the tumor is located, we can find the best rib to be correlated
with that tumor. For instance, in this case Irib2 is the best option
to be correlated with a tumor located at 12 ¢cm depth with 99%
correlation coefficient.

The performance of each rib in correlation with each tumor
position was taken into account and the rib with best correla-
tion was chosen. Figure 9 shows the role of each rib in corre-
lation with assumed tumors located at different distances from
specific point using ANFIS correlation model. As seen in this
figure the best ribs are rrib2, Irib5, lrib3, and lrib2, respec-
tively, while tumor position is going toward depth. Therefore,
the rib with best correlation is changing based on tumor
position.

To investigate the effect of chosen point as landmark of a
rib on its correlation with assumed tumor the correlation
coefficient between 2 groups of tumors located behind rrib3
and corresponding predefined points were taken into

Tumors behind rrib3

rrib2 IribS Irib3

16
14
1.2

0.8
0.6
0.4
0.2

Root mean square error {(mm)

] 50 100 150 200
Tumor distance from specified point (mm)

Figure 9. Root mean square error (RMSE) of prediction of tumors
located in ventral of rrib3 using adaptive neuro-fuzzy inference system
(ANFIS) model by means of best correlated ribs from Figure 8.

account (Figure 10). The point of interests on rrib3 and
predefined tumor motion lines are already shown in Figure 1.
By comparing this figure with Figure 10, it is emerged that
while a desired point of a rib is close to the sagittal plane in
left-right (LR) direction (Figure 1), its correlation with
tumor decreases. In Figure 10, the correlation coefficient
between tumor_a with rib_a is more than rib_b; this is also
correct for tumor_b. It should be noted that the desired point
of rib_b is closer to sagittal plane than desired point of
rib_a. As resulted from Figure 10, when tumor becomes
close to the sagittal plane in LR direction, its correlation
with rib landmark decreases. In Figure 10, the correlation
curve between rib_a and tumor_a is superior to rib_a and
tumor_b.

In Figure 11, a comparative assessment has been shown
between ribs and diaphragm motions data representative as
anatomical landmarks correlated with an assumed tumor
located at each position at lung and liver organs. As resulted
from this figure, the average RMSE is 1 mm and 0.8 while
diaphragm and ribs are, respectively, considered as anatomical
landmark in correlation with assumed tumors. Therefore, ribs
may perform as representative better than diaphragm as natural
anatomical landmark.
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Figure 10. The correlation coefficient between 2 groups of tumors, behind rrib3 (tumor_a and tumor_b) with 2 corresponding point on rrib3
(rib_a and rib_b). Four possible ways to make a correlation between tumors and points have been showed in these curves.
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Figure 11. Comparison of tumor motion prediction using diaphragm and ribs signals as anatomical landmarks, by adaptive neuro-fuzzy

inference system (ANFIS) model.

Discussion

In radiation treatment of moving tumors located at thorax
region, in order to compensate the effect of motion error on
prescribed dose several strategies were proposed such as gated
and real-time tumor tracking during therapeutic beam irradia-
tion. In these strategies, tumor motion information must be
captured to enhance treatment quality by delivering the beam,
controllably. One of the applicable strategies for tumor motion
monitoring is using continues X-ray imaging such as fluoro-
scopy as real time. In this method, an internal fiducial marker
may be implanted inside tumor volume for better tracing while
tumor is not visual at fluoroscopy images due to lack of infor-
mation in gray scale fluoroscopic images. Implanting fiducial
markers is invasive procedure and caused several side effects
such as increasing risk of pneumothorax and also treatment
costs for patients. As alternative, using internal anatomical
landmarks can be taken into account for this issue. For this
aim, recognizable anatomical landmarks that are high contract
at fluoroscopy images must be utilized that also have

reasonable correlation with a given tumor. In previous litera-
tures, diaphragm and lung boundary were introduced as natural
anatomical landmarks instead of using artificial clips. In this
study, rib cage was proposed as appropriate landmark due to its
high contrast at fluoroscopy images. The most challenging
issue in using ribs as landmark is the existence of reliable
correlation between rib and tumor motions pattern that we
investigated in this work, comprehensively.

For this aim, at first the correlation coefficient parameter
between several ribs chosen from upper, middle, and lower
parts of lung and assumed tumors were calculated, separately.
Calculations were done through simulation studies by means of
4DXCAT anthropomorphic phantom which models motion of
dynamic organs to mimic real respiratory pattern. This vali-
dated phantom has been widely utilized at several research
activities ranging from nuclear medicine to radiation treatment
of moving tumors.**>° Since, this phantom simulating differ-
ent dynamic organs with detailed information and also breath-
ing motion issues are not exactly same as real patient body due
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to phantom simplification, some concerns may raise during
phantom performance. In order to address this issue, motion
simulation parameters were defined using breathing data of real
patients treated with Cyberknife Synchrony module to mini-
mize uncertainty error of phantom performance. Eight points of
ribs as anatomical landmarks (6 points located at ribs covering
lung and 2 point located at ribs covering liver) with several
tumors behind each rib were defined to produce required data-
base. Correlation coefficient between each rib and correspond-
ing tumor that moves on a line at AP direction toward lung and
liver depth was calculated separately to investigate the effect of
distance between landmark point and tumor. Furthermore, in
order to find the most correlated rib with a group of lung and
liver tumors, correlation coefficients between assumed tumors
(located behind rrib3) and lung ribs were calculated. According
to information of Table 1, six different respiratory patterns
representing different possible breathing patterns of a typical
patient were utilized, but in reality patients are highly individ-
ual and results obtained over 6 respiratory patterns on average
may arise some uncertainty errors; so, there is need to investi-
gate more patients. Moreover, in order to taking into account
the uniqueness of each patient we can select best rib in an
adaptive manner. Moreover, in addition to tumor location sev-
eral variables including tumor volume, type, and so forth affect
tumor motion which didn’t consider in this study and must be
considered in future study on real patients.

Final analyzed results confirmed the ribs are robust to be
used as natural anatomical landmarks representative for motion
tracking of lung and liver tumors due to their availability
around most of dynamic tumors and high contrast. As the most
important outcome emerged from correlation coefficients, the
distance between tumor and rib has the most effect on the
correlation between them. The motion pattern of assumed
tumors differs from superficial toward depth in comparison
with motion pattern of each rib that is due to tumor type (lung,
liver, pancreas, etc), respiration, and heartbeat motion. Initial
results showed that superficial tumors near ribs are in close
correlation with ribs with correlation coefficient close to unity
but this result is not extended to all tumors while liver tumors
seem have more stability with less dependence to their location
versus lung tumors. This is due to breathing phenomena varia-
bility that has different influence on motion pattern of lung
tumors against liver tumors. It is also worth mentioning that
liver tumors are less deformed regarding with lung tumors due
to respiration. According to obtained motion information of
ribs, it should be noted that the motion of all ribs are not in a
same fashion, while the pattern of their motion at upper part of
chest wall is changing to lower part. As next challenging issue
that is clinically important is choosing the best rib that has most
correlation with a given tumor. Therefore, it is necessary to
determine an appropriate rib as anatomical landmark for a
given tumor depending on its specification in the pretreatment
session before therapeutic beam irradiation. We assessed
ANFIS as prediction model that could accurately estimate
tumor position as function of time according to rib motion. The
model output was compared with real tumor motion as

benchmark that is accessible at our utilized database to verify
model performance accuracy. This part (finding the best rib
correlated with a tumor and configuring correlation model)
should be done at pretreatment step of radiotherapy session
at clinical situation.

As concluded from total results, the less degree of proposed
correlation between some of lung tumors and corresponding
ribs is due to several effects as (1) phase difference between
the rib and tumor motions versus time, (2) changing of relative
amplitude of tumors motion very irregularly in comparison
with rib motion, (3) perturbing tumor position by the heartbeat
with high degree of variability, and (4) uncertainty error of
utilized correlation model output.

The results presented here represent availability of using rib
cage as anatomical landmark to track lung and liver tumors in a
noninvasive way, with high accuracy. However, to achieve this
goal several developments are required. Though the study here
implemented using XCAT phantom, the proposed idea can be
implemented on real patient data at our future studies. This
strategy is also applicable for external surrogate radiotherapy
as another treatment modality.

In this study, one point into the rib was considered as ana-
tomical landmark but by taking averages over large numbers of
measurements the correlation between tumor and anatomical
landmark motions may be increased. Furthermore, we com-
pared the performance of ribs as anatomical landmark with
diaphragm as conventional natural marker assessed before and
based on our calculated results around 20% improvement was
achieved in the accuracy of rib performance against diaphragm.

Conclusion

In radiation treatment of moving targets as alternative for
implanting fiducial marker, natural anatomical landmarks
located at thorax region of patient body is introduced to extract
tumor position information as representative. In this work, ribs
of rib-cage structure were proposed as optimal anatomical land-
mark due to high-density property of this tissue that causes
proper visualization in fluoroscopy images. We investigated the
possible existence of proper correlation between different ribs at
upper, middle, and lower parts of rib cage structure and various
lung and liver tumors located at different sites, using 4DXCAT
anthropomorphic phantom. Correlation coefficient and ANFIS
correlation model performance as final results represented the
abilities of ribs of rib cage as anatomical landmark to track lung
and liver tumors in comparison with diaphragm. Observations of
several measurements on correlations showed an appropriate
correlation between tumors and ribs while the degree of this
correlation is changing depends on tumor type and its site. We
conclude that the lung tumors are a more varied and complex
against liver tumors in correlation with ribs motion pattern.
Future studies will investigate further types of tumors at 3
AP, SI, and LR directions 3 dimensionally in correlation with
ribs using real patient database at both fluoroscopy-based and
external surrogates-based radiotherapy as another treatment
modality. Since the best rib representative tumor motion varies
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tumor by tumor, so selecting the best rib can be done adaptively
on a patient by patient basis using for instance feature selection
algorithms.

Acknowledgments

The authors acknowledge Dr William Paul Segars and Sonja Dieterich
for providing access to the Anthropomorphic XCAT phantom and
clinical Cyberknife database, respectively.

Authors’ Note

All authors certify that this manuscript has not been published in
whole or in part nor is it being considered for publication elsewhere.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, author-
ship, and/or publication of this article.

References

1. Riboldi M, Sharp G, Baroni G, Chen G. Four-dimensional target-
ing error analysis in image-guided radiotherapy. Phys Med Biol.
2009;54(19):5995-6008.

2. Cedric XY, Jaffray DA, Wong JW. The effects of intra-fraction
organ motion on the delivery of dynamic intensity modulation.
Phys Med Biol. 1998;43(1):91-104.

3. Seppenwoolde Y, Shirato H, Kitamura K, et al. Precise and real-
time measurement of 3D tumor motion in lung due to breathing
and heartbeat, measured during radiotherapy. Int J Radiat Oncol
Biol Phys. 2002;53(4):822-834.

4. Shirato H, Seppenwoolde Y, Kitamura K, Onimura R, Shimizu S.
Intrafractional tumor motion: lung and liver. Semin Radiat Oncol.
2004;14(1):10-18.

5. Stevens CW, Munden RF, Forster KM, et al. Respiratory-driven
lung tumor motion is independent of tumor size, tumor location,
and pulmonary function. Int J Radiat Oncol Biol Phys. 2001;
51(1):62-68.

6. Wu J, Lei P, Shekhar R, Li H, Suntharalingam M, D’Souza WD.
Do tumors in the lung deform during normal respiration? An
image registration investigation. /nt J Radiat Oncol Biol Phys.
2009;75(1):268-275.

7. Liu HH, Balter P, Tutt T, et al. Assessing respiration-induced
tumor motion and internal target volume using four-dimensional
computed tomography for radiotherapy of lung cancer. Int J
Radiat Oncol Biol Phys. 2007;68(2):531-540.

8. Zhao JD, Xu ZY, Zhu J, et al. Application of active breathing
control in 3-dimensional conformal radiation therapy for hepato-
cellular carcinoma: the feasibility and benefit. Radiother Oncol.
2008;87(3):439-444.

9. Cervino LI, Gupta S, Rose MA, Yashar C, Jiang SB. Using sur-
face imaging and visual coaching to improve the reproducibility
and stability of deep-inspiration breath hold for left-breast-cancer
radiotherapy. Phys Med Biol. 2009;54(22):6853-6865.

10.

11.

12.

13.

17.

18.

20.

21.

22.

23.

24.

25.

26.

McNair HA, Brock J, Symonds-Tayler JRN, et al. Feasibility of
the use of the Active Breathing Co ordinator™(ABC) in patients
receiving radical radiotherapy for non-small cell lung cancer
(NSCLC). Radiother Oncol. 2009;93(3):424-429.

Kubo HD, Hill BC. Respiration gated radiotherapy treatment: a
technical study. Phys Med Biol. 1996;41(1):83-91.

Vedam S, Keall P, Kini V, Mohan R. Determining parameters for
respiration-gated radiotherapy. Med Phys. 2001;28(10):
2139-2146.

Shirato H, Shimizu S, Kunieda T, et al. Physical aspects of a real-
time tumor-tracking system for gated radiotherapy. Int J Radiat
Oncol Biol Phys. 2000;48(4):1187-1195.

. Murphy MJ. Tracking moving organs in real time. Semin Radiat

Oncol. 2004;14(1):91-100.

. Shirato H, Shimizu S, Shimizu T, Nishioka T, Miyasaka K. Real-

time tumour-tracking radiotherapy. Lancet. 1999;353(9161):
1331-1332.

. Shimizu S, Shirato H, Kitamura K, et al. Fluoroscopic real-time

tumor-tracking radiation treatment (RTRT) can reduce internal
margin (IM) and set-up margin (SM) of planning target volume
(PTV) for lung tumors. Int J Radiat Oncol Biol Phys. 2000;48(3):
166-167.

Zhang T, Keller H, O’Brien MJ, Mackie TR, Paliwal B. Appli-
cation of the spirometer in respiratory gated radiotherapy. Med
Phys. 2003;30(12):3165-3171.

Balter JM, Wright JN, Newell LJ, et al. Accuracy of a wireless
localization system for radiotherapy. Int J Radiat Oncol Biol
Phys. 2005;61(3):933-937.

. Hsu A, Miller N, Evans P, Bamber J, Webb S. Feasibility of using

ultrasound for real-time tracking during radiotherapy. Med Phys.
2005;32(6):1500-1512.

Wu J, Dandekar O, Nazareth D, Lei P, D’Souza W, Shekhar R.
Effect of ultrasound probe on dose delivery during real-time
ultrasound-guided tumor tracking. Conf Proc IEEE Eng Med Biol
Soc. 2006;1:3799-3802.

Yan H, Yin FF, Zhu GP, Ajlouni M, Kim JH. The correlation
evaluation of a tumor tracking system using multiple external
markers. Med Phys. 2006;33(11):4073-4084.

Nakamura K, Shioyama Y, Nomoto S, et al. Reproducibility of
the abdominal and chest wall position by voluntary breath-
hold technique using a laser-based monitoring and visual feed-
back system. Int J Radiat Oncol Biol Phys. 2007;68(1):
267-272.

Hughes S, McClelland J, Tarte S, et al. Assessment of two novel
ventilatory surrogates for use in the delivery of gated/tracked
radiotherapy for non-small cell lung cancer. Radiother Oncol.
2009;91(3):336-341.

Kirkby C, Murray B, Rathee S, Fallone B. Lung dosimetry in a
linac-MRI radiotherapy unit with a longitudinal magnetic field.
Med Phys. 2010;37(9):4722-4732.

Schaller C. Time-of-Flight Cameras-New Modality for Radio-
therapy [PhD thesis]. Bavaria, Germany: University Erlangen-
Nuremberg; 2010.

Cervino LI, Du J, Jiang SB. MRI-guided tumor tracking in
lung cancer radiotherapy. Phys Med Biol. 2011;56(13):
3773-3785.



Nankali et al

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Shah AP, Kupelian PA, Willoughby TR, Meeks SL. Expanding
the use of real-time electromagnetic tracking in radiation oncol-
ogy. J Appl Clin Med Phys. 2011;12(4):3590.

Crijns S, Raaymakers B, Lagendijk J. Proof of concept of MRI-
guided tracked radiation delivery: tracking one-dimensional
motion. Phys Med Biol. 2012;57(23):7863-7872.

Zhong Y, Stephans K, Qi P, Yu N, Wong J, Xia P. Assessing
feasibility of real-time ultrasound monitoring in stereotactic body
radiotherapy of liver tumors. Technol Cancer Res Treat. 2013;
12(3):243-250.

Riboldi M, Orecchia R, Baroni G. Real-time tumour tracking in
particle therapy: technological developments and future perspec-
tives. Lancet Oncol. 2012;13(9):e383-¢391.

Richter A, Wilbert J, Baier K, Flentje M, Guckenberger M. Fea-
sibility study for markerless tracking of lung tumors in stereotac-
tic body radiotherapy. Int J Radiat Oncol Biol Phys. 2010;78(2):
618-627.

Lin T, Cervino LI, Tang X, Vasconcelos N, Jiang SB. Fluoro-
scopic tumor tracking for image-guided lung cancer radiotherapy.
Phys Med Biol. 2009;54(4):981-992.

Xu Q, Hamilton RJ, Schowengerdt RA, Alexander B, Jiang SB.
Lung tumor tracking in fluoroscopic video based on optical flow.
Med Phys. 2008;35(12):5351-5359.

Segars W, Sturgeon G, Mendonca S, Grimes J, Tsui B. 4D XCAT
phantom for multimodality imaging research. Med Phys. 2010;
37(9):4902-4915.

Torshabi AE, Pella A, Riboldi M, Baroni G. Targeting accuracy in
real-time tumor tracking via external surrogates: a comparative
study. Technol Cancer Res Treat. 2010;9(6):551-562.

Torshabi AE, Riboldi Marco, et al. An adaptive fuzzy prediction
model for real time tumor tracking in radiotherapy via external
surrogates. J Appl Clin Med Phys. 2013;14(1):4008.

Torshabi AE, Riboldi M, Pella A, Negarestani A, Rahnema M,
Baroni G. A clinical application of fuzzy logic. European Com-
munity’s Seventh Framework Programme ([FP7/2007-2013]
under grant agreement n 215840-2). 2012.

Zaidi H, Tsui BM. Review of computational anthropomorphic
anatomical and physiological models. Proc IEEE. 2009;97(12):
1938-1953.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Alnowam MR, Lewis E, Wells K, Guy M. Respiratory motion
modelling and prediction using probability density estimation. In:
Nuclear Science Symposium Conference Record (NSS/MIC),
2010 [EEE, Knoxville, TN, October 30, 2010-November 6,
2010; 2010:2465-2469.

Riaz N, Shanker P, Wiersma R, et al. Predicting respiratory tumor
motion with multi-dimensional adaptive filters and support vector
regression. Phys Med Biol. 2009;54(19):5735-5748.

Ruan D. Kernel density estimation-based real-time prediction for
respiratory motion. Phys Med Biol. 2010;55(5):1311-1326.
Putra D, Haas O, Mills J, Bumham K. Prediction of tumour
motion using interacting multiple model filter, 2006. MEDSIP
2006. IET 3rd International Conference On, Glasgow, United
Kingdom, July 17-19, 2006; 2006:1-4.

Ramrath L, Schlaefer A, Ernst F, Dieterich S, Schweikard A.
Proceedings of the 21st International Conference and Exhibition
on Computer Assisted Radiology and Surgery (CARS’07); 2009.
Sahih A, Haas O, Burnham K, Mills J. Proc. 16th Int’l Conf.
System Engineering; 2006:425-430.

Goodband J, Haas O, Mills J. A comparison of neural network
approaches for on-line prediction in IGRT. Med Phys. 2008;
35(3):1113-1122.

Nguyen CC, Cleary K. Automation Congress, 2006. WAC ‘06.
World; 2006:1-6.

Kakar M, Nystrom H, Aarup LR, Nettrup TJ, Olsen DR. Respira-
tory motion prediction by using the adaptive neuro fuzzy infer-
ence system (ANFIS). Phys Med Biol. 2005;50(19):4721-4728.
Cai J, Chang Z, Wang Z, Segars WP, Yin FF. Four-dimensional
magnetic resonance imaging (4D-MRI) using image-based
respiratory surrogate: a feasibility study. Med Phys. 2011;
38(12):6384-6394.

McGurk R, Seco J, Riboldi M, Wolfgang J, Segars P, Paganetti H.
Extension of the NCAT phantom for the investigation of intra-
fraction respiratory motion in IMRT using 4D Monte Carlo. Phys
Med Biol. 2010;55(5):1475-1490.

Rong X, Du Y, Ljungberg M, Rault E, Vandenberghe S, Frey EC.
Development and evaluation of an improved quantitative 90Y
bremsstrahlung SPECT method. Med Phys. 2012;39(5):
2346-2358.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /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 false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /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
    >>
    <<
      /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
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


