help design field blocking and beam arrangements, if X-ray
simulation is used (4,6). However, contrast may not be
needed to determine the position of the prostate when CT
simulation is performed. In this survey, there were no ques-
tionnaires on the usage of magnetic resonance imaging
(MRI) images for prostate cancer treatment planning. Going
forward, it is expected that MRI/CT image fusion techniques
will be increasingly important to define the anatomical struc-
tures including the prostate (7,8). The next PCS survey will
take this issue into consideration.

Regular or multiple verifications of the treatment fields
were performed in only 30% of the patients in this study.
In the USA, radiation fields were verified with regular inter-
vals in 60% of the prostate patients surveyed in the 1989
PCS (4). It is hoped that if electric portal imaging devices
become more popular in Japan, verification of the treatment
fields will be performed more frequently.

Simulations and treatments were performed in the supine
position in almost all patients. Published literature suggests a
variation in results between the use of the prone and supine
positions for prostate cancer radiotherapy. Several authors
demonstrated that the rectal dose was reduced in the prone
position (9,10). However, in the absence of immobilization
devices, daily setup reproducibility may be less accurate for
the prone position, primarily due to systematic setup vari-
ations (10). Patient positioning procedures in prostate radio-
therapy should be evaluated in each institution, in particular
if the radiation doses to the prostate are high.

Immobilization was used in only 15% of the patients. This
may be in part because immobilization devices for body
malignancies are not covered by health insurance in Japan.
As mentioned above, patient immobilization can be an
important contributor to the reproducibility and accuracy of
radiotherapy (11). More widespread use of immobilization
devices will also be required with an increase in treatment
using 3DCRT or IMRT, which utilize higher dosages of
radiation. ]

The radiation doses delivered to the prostate were affected
by the leaf width of MLC. However, there were no signifi-
cant differences between a 5 mm and a 10 mm MLC leaf
size. Leal et al. (12) showed that the impact on the clinical
dose distribution due to the MLC leaf width change from 10
to 5 mm is quite low on the dose distribution in patients
treated with 3DCRT and IMRT. On the other hand, Wang
et al. (13) insisted that the use of the micro-MLC for IMRT
of the prostate resulted in significant improvement in the
dose distributions to the prostate and critical organs.
Although narrower leaves give better sparing of organs at
risks, the clinical value should be carefully evaluated.

Several significant variances in the process according to
the stratification of institutions were also observed. Although
CT data were used for planning in ~90% of the patients, 3D
conformal techniques including IMRT were applied less fre-
quently in B institutions. In particular, only 37.5% of the
patients were treated with 3D conformal techniques in B2
institutions. In B institutions, lower photon energies

Jpn J Clin Oncol 2009;39(12) 823

<10 MV were also used more frequently. Delivery of high
radiation doses without the use of 3D conformal techniques
may produce late morbidity of the surrounding tissues.
Because some guidelines have recommended that 3DCRT or
IMRT techniques should be employed in external beam
radiotherapy for prostate cancer (14,15), structural improve-
ment in B institutions should be urgently considered.

In conclusion, the results of the survey identified the stan-
dard of practice for treatment planning of prostate cancer in
Japan. Although the preferred methods of planning and deliv-
ery have been defined somewhat differently at various insti-
tutions, it is necessary to define and develop recommended
guidelines for the treatment planning process, in particular, for
a clinical trial on radiotherapy for prostate cancer.
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Letter to the Editor

First clinical cone-beam CT imaging during volumetric modu-
lated arc therapy

To the Editor

Tumor registration using on-board cone-beam CT (CBCT) prior
to radiotherapy has been increasingly adopted for daily clinical
practice, and it is assumed that the tumor remains still during
the treatment. We reported the first clinical kilovoltage (kV) CBCT
imaging during rotational radiotherapy using a linac with a CBCT
unit (Elekta Synergy, Crawley, UK) [1], wherein a future application
to intensity modulated arc therapy (IMAT) [2] was proposed. The
effect on CBCT image quality during rotational treatments was first
reported in ESTRO conference in 2004 [3]. The purpose of in-treat-
ment CBCT imaging is the direct verification of time-averaged tu-
mor position during treatment. With a latest linac control
software, a more advanced IMAT, namely volumetric modulated
arc therapy (VMAT), became clinically feasible [4]. In this letter,
we present the first clinical CBCT imaging during VMAT delivery
using Elekta Synergy. As was described in our previous report
[1], the current Synergy system does not allow simultaneous deliv-
ery of kV CBCT beams and MV rotational beams. A method for dis-
abling this interlock was therefore investigated, and it was
deactivated with the first author's responsibility.

A treatment planning system, ERGO++ 1.7.1 (Elekta 3DLine,
Milano), was employed to make a VMAT plan for a prostate cancer
patient. A single arc consisting of 73 fixed beams was defined with
5° spacing. The MLC field shape in each beam's eye view was deter-
mined by conformal strategy if rectum is located behind the target,
whereas the field shape was determined by conformal avoidance
strategy if rectum lies in front of the target. Subsequently, each
radiation intensity or monitor unit (MU) was optimized by simu-
lated annealing algorithm with a cost function formulated by given
physical dose constraints. Then, the resulting MUs were trans-
ferred to the linac.

Tumor registration was performed between a planning CT im-
age and a CBCT image immediately after patient set-up. The regis-
tration was done by a built-in bone-matching algorithm. The
patient couch was adjusted according to the registration results,
and then the CBCT imaging was repeated three times: immediately
before treatment, during VMAT delivery, and immediately after
treatment,

The linac photon energy was 6 MV, For a record and verify sys-
tem, Mosaiq 1.41 beta (Elekta IMPAC, USA) was employed. A linac
control software, Desktop Pro R.7.0, was used. A single-arc VMAT
required approximately 3 min and 20 s, which also equals the CBCT
projection data acquisition time. The number of projection images
was 1222, and the resulting imaging dose at the center of an acrylic
phantom having a diameter of 30 cm was approximately 3 cGy.

The figures show axial CBCT images (a) immediately before
treatment after registration, (b) during VMAT delivery, and (c)
immediately after treatment (Fig. 1). It was confirmed that the tu-
mor position was well maintained. During VMAT beam delivery,

0167-8140/$ - see front matter © 2008 Elsevier Ireland Ltd. Al rights reserved.
doi:10.1016/j.radonc.2008.11.009

Fig. 1. kV CBCT axial images of a prostate cancer patient: (a) immediately before
treatment after registration, (b) during VMAT delivery, and (c) immediately after
treatment. The cross lines indicate the isocenter.

the dose rate and the gantry speed are dynamically adjusted [4]
according to the calculated MU for each gantry angle. In the pres-
ent case, the gantry speeds ranged from 0 to 4°/s with a mean of
1.78°/s and a standard deviation of 0.56°fs. A major concern was
whether this non-constant gantry speed would generate signifi-
cant image artifacts. So far we have evaluated several images of
phantoms and a prostate cancer patient. No major image artifacts
have been detected that may affect the tumor position verification.

In conclusion, the tumor position during VMAT delivery was
clinically verified for the first time using kV CBCT. Future work
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includes further investigation regarding the effects of the
non-constant gantry speed during CBCT image acquisition. Our
previous report [1] showed that the CBCT image quality was not
visually degraded up to a treatment field size of 10 x 10 cm?. More
quantitative analysis may be required for VMAT with larger field
sizes. Lastly, in-treatment CBCT images may be useful in decision
making for subsequent treatment margin or dose adjustment.
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First report on prostate displacements immediately before and
after treatment relative to the position during VMAT delivery
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To the Editor

Previously we reported the first clinical kilovoltage
(kV) cone-beam CT (CBCT) imaging during volu-
metric modulated arc therapy (VMAT) using a linac
with an on-board CBCT unit (Elekta Synergy, Craw-
ley, UK) [1], The effect on CBCT image quality
during rotational treatments was first presented in
ESTRO conference in 2004 [2] and the first clinical
in-treatment CBCT images were acquired for rota-
tional lung treatment [3]. The purpose of in-treat-
ment CBCT imaging is direct verification of time-
averaged tumor position during treatment. Reported
standard deviation of intrafraction prostate move-
ments for 20 patients during 10 fractions was 1.4 mm

* Equal contributors.

in cranio-caudal direction [4], which may support the
validity of the time-averaged CBCT images. In this
letter, prostate displacements immediately before and
after treatment relative to the position during VMAT
delivery have been reported for the first time. As was
described in our previous articles [1,3], the current
Synergy system does not allow simultaneous delivery
of kV CBCT beams and MV rotational beams. A
method for disabling this interlock was therefore
investigated and it was deactivated with the first
author’s responsibility.

A treatment planning system, ERGO++ 1.7.1
(Elekta 3DLine, Milano) was employed to create a
VMAT plan for a prostate cancer patient. A single
arc consisting of 73 fixed beams was defined with
5 degree spacing. More detailed VMAT delivery and
CBCT procedures were described in our previous
article [1].
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Tumor registration was performed between a
planning CT image and a CBCT image immediately
after patient set-up. CBCT imaging was conducted
four times a day once a week for six weeks; the
timings were before couch adjustment, after couch
adjustment, during VMAT delivery, and immediately
after the treatment. The couch adjustment was done
by automatic bone matching between planning CT
and the CBCT images followed by manual operation
based on calcification inside the prostate organ.
Subsequently, off-line image registration was per-
formed between two CBCT images of the same day
to evaluate prostate displacements using the above
mentioned matching procedures.

Figure 1 shows CBCT prostate images of a
particular day for a patient with calcification inside
the prostate organ. Images in the first row were
acquired immediately before VMAT treatment
after couch adjustment, the second row refers to
images during VMAT delivery, and the third row

images were taken immediately after the treatment.
Crossing lines indicate the isocenter.

The mean and standard deviation of displace-
ments at the time of pre-treatment against the in-
treatment position of all the six days for the
patient were 0.1+0.2 mm, —0.3+0.4 mm, and
—0.440.6mm in lateral, vertical, and longitudinal
directions. The mean and standard deviation of
displacements at the time of post-treatment against
the in-treatment position of all the six days for the
same patient were 0.2+0.3 mm, —0.8+0.7 mm,
and —0.340.6 mm in lateral, vertical, and long-
itudinal directions. No statistical conclusion can be
drawn using the present limited data sets.

In conclusion, displacements of the prostate gland
immediately before and after treatment relative to
the position during VMAT delivery were reported
for the first time using kV CBCT, which may
facilitate decision making for subsequent treatment
margin or dose adjustment.

Figure 1. Cone-beam CT images of a prostate cancer patient with calcification inside the prostate organ. Images in the first row were
acquired immediately before VMAT treatment after couch adjustment, the second row refers to images during VMAT delivery, and the
third row images were taken immediately after the treatment. Crossing lines indicate the isocenter.
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Badminton, rectal cancer and 25 kg weight gain during chemotherapy
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To the Editor

Chemotherapy is an integral part of today’s multi-
modality cancer treatment. Side effects related to
chemotherapy such as vomiting or weight loss are well
known and treated routinely. Weight gain on the other
hand is an often neglected problem although it has an
important impact on both patient’s quality of life and
cancer prognosis. Analysis of the impressive weight
gain in this case report clearly highlights the problem.

A 40-year-old premenopausal female patient
in excellent general health was diagnosed in our
institute in April 2006 with a locally advanced rectal
cancer, ¢IT4 cN1 cMO. The patient is a non-
smoking, top female athlete and professional bad-
minton teacher, who exercised three hours per day in
addition to teaching badminton during the rest of
the day. There was no incidence of weight changes
before cancer diagnosis in our 162 cm tall patient.
After establishing a protective colostomy neoadju-
vant radiochemotherapy was started, during which
the patient gained 2.7 kg body weight.

In June 2006, three weeks after radiochemother-
apy, a pT4 pN1 tumor was successfully resected and
adjuvant chemotherapy was started. In December
2006 the patient had gained another 12.5 kg body

weight, when a seizure struck her. A CT scan
showed left cerebral vein thrombosis of the inferior
anastomotic vein of Labbé, the transverse sinus, the
sigmoid sinus and the internal jugular vein. Exten-
sive investigations did not identify any predisposing
reason or underlying condition. Thus we concluded
on a multifactorial origin; we hypothesized that
chemotherapy-induced hypercoagulability, antiemetic
steroid medication and the patient’s physical inactiv-
ity likely induced a prothrombotic state. We sus-
pected that the significant weight gain might in itself
have also contributed to the thrombosis {1]. The
patient was put on Valproate for seizure control and
anticoagulated with low molecular heparin followed
by acenocoumarol. Adjuvant chemotherapy was not
reintroduced.

From start of treatment in April 2006 until October
2007 the patient’s body weightincreased from 61.8 kg
to 87 kg, i.e. a total weight gain of 25.2 kg in 18
months. Being a top athlete, the patient had regular
follow-up at the Swiss Accident Insurance Fund
where her body composition was regularly monitored
before, during and after treatment (Figure 1), indicat-
ing that weight gain was almost entirely due to an
increase in body fat, amounting to at least 20.9 kg.
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Quality assurance of volumetric modulated arc therapy using
Elekta Synergy
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Abstract

DPurpose. Recently, Elekta has supplied volumetric modulated arc therapy (VMAT) in which multi-leaf collimator (MLC)
shape, jaw position, collimator angle, and gantry speed vary continuously during gantry rotation. A quality assurance
procedure for VMAT delivery is described. Methods and materials. A single-arc VMAT plan with 73 control points (CPs)
and 5-degree gantry angle spacing for a prostate cancer patient has been created by ERGO++ treatment planning system
(TPS), where MLC shapes are given by anatomic relationship between a target and organs at risk and the monitor unit for
each CP is optimized based on given dose prescriptions. Actual leaf and jaw positions, gantry angles and dose rates during
prostate VMAT delivery were recorded in every 0.25 seconds, and the errors between planned and actual values were
evaluated. The dose re-calculation using these recorded data has been performed and compared with the original TPS plan
using the gamma index. Results. Typical peak errors of gantry angles, leaf positions, and jaw positions were 3 degrees,
0.6 mm, and 1 mm, respectively. The dose distribution obtained by the TPS plan and the recalculated one agreed well
under 2%-2 mm gamma index criteria. Conclusions. Quality assurance for prostate VMAT delivery has been performed with

a satisfied result.

The concept of volumetric modulated arc therapy
(VMAT) originated from the conformal avoidance
radiation therapy [1] with a dynamical movement
of MLC while rotating the gantry. By modulating
beam intensity during the gantry rotation, intensity
modulated arc therapy (IMAT) was proposed and
further investigated [2-6]. VMAT is one of the
techniques to realize IMAT by varying gantry speed
and dose rate with dynamical movement of ML.C and
jaw [7]. Recently, this has been clinically available [8—
10] and a combination of Elekta Synergy with the
latest linac control software and ERGO++ treatment
planning system (TPS) is one example.

The purpose of this paper is to investigate how
much error is caused in dose distribution due to the
fluctuation in the dynamical parameters. The linac
controller in Elekta Synergy (Elekta, Crawley, UK),
RT Desktop 7.0.1, serves to record measured data of
dose rates, gantry angles, MLC and jaw positions
with 0.25 s interval during VMAT treatment. We can

evaluate the influence of these errors by recalculating
the dose distribution with these actual dynamical
parameters. Since this is an independent simulation
analysis and therefore we may be able to specify the
cause when VMAT film verification failed.

Methods and materials

A single-arc VMAT plan for prostate cancer was
created by ERGO++ v1.71 TPS (Elekta/3DLine,
Milano) with D95 prescription (dose to 95% of
target volume) of 76 Gy in 38 fractions. A single arc
was discretized into 73 static beams or CPs placed at
5-degree gantry angle intervals between —175
and +175 degrees and the first and last CPs were
positioned at—179 and+179 degrees (Figure 1).
The field shape for each control point was deter-
mined by either conformal or conformal avoidance
strategy with a 6 mm leaf margin to Planning Target
Volume (PTV). In other words, the rectum was
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Figure 1. A single-arc VMAT plan with 73 CPs and 5-degree gantry angle spacing for a prostate cancer patient has been created
by ERGO++ treatment planning system, where MLC shapes are given by anatomies of target and organs at risk and monitor units for each
CP is optimized by simulated annealing algorithm based on given dose prescriptions. The red and pink regions are PTV and rectum,

respectively.

partially shielded by MLC when it was in front
of the target in beam’s eye view, while the whole
target was irradiated when it was in front of the
rectum.

In the present study, the collimator angle was fixed
at 180 degrees. Beam weights for all CPs were
optimized by inverse planning based on the
simulated annealing algorithm. Dose grid resolution
was 2mm X 2mm X 2mm for 3D calculation. After
inverse planning, the CPs were grouped into a single
arc with the VMAT sequencer in ERGO++ TPS,
where a monitor unit (MU) to be delivered between
two adjacent CPs was calculated by adding MUs at
the two adjacent CPs and then multiplied by
0.5. The created plan was sent to MOSAIQ v1.6
(Elekta IMPAC, USA), and then delivered by the
RT desktop controller.

For dose verification, VMAT plan was transferred
to two phantom studies. One was a cylindrical
water phantom with 0.015 cc pin-point ionization
chamber (Type 31014, PTW, Germany) placed at
the isocentre, The other was a pelvic water phantom
including a GafChromic film (International Speci-
alty Products, NJ, USA) to measure the dose
distribution on axial, coronal, and sagittal planes
including the isocentre. The GafChromic film was
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scanned using a flatbed scanner (EPSON GT-X770,
Japan) and the gamma index with 3% of a dose
at the measurement point and 3 mm has been
evaluated by using DD-system v9.0 (R-tech, Japan).

The linac controller in service mode was capable
of recording the actual gantry angle, ML.C and jaw
positions, and dose rate as a function of time. The
MIL.C and jaw positions in each CP computed by
ERGO++ were compared with the corresponding
measured values. The cumulative MU error is
practically negligible because Elekta VMAT delivery
is based on MU-based servo control. Instead, the
gantry angle error is discussed, which is defined
as the difference between the gantry angle for each
CP and the gantry angle where a cumulative
MU reaches a specified value. A gantry speed
dependence of these errors with the same VMAT
plan was also examined by employing two times
slower gantry speed than a commonly used
clinical speed.

Using the actual data of gantry angle, MLC and
jaw positions, and the cumulative MUs, dose
distribution was re-calculated using Pinnacle v7.4i
TPS (Philips, USA), and the dose in the original
plan transferred into Pinnacle was compared with
the re-calculated dose distribution.
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Results

The beam-on time was typically 100 s for a single-
arc prostate VMAT delivery. The isocentre dose
discrepancy between plans and measurements for
17 patients was —0.5+0.8% (s.d.). The averages of
the pass rate with a gamma criteria of 3 mm and 3%
of a dose at the measurement point were 97.3%,
91.8%, and 92.2% on axial, sagittal, and coronal
planes for a region having a dose greater than 30% of
the isocentre dose, respectively.

Figure 2 demonstrates measured errors between
planned and actual gantry angles during VMAT
delivery for three consecutive runs. The red data
points show the position errors for a normal delivery
time of 100 s, whereas the blue data points show
those for a delivery time of 200 s. The bar shows
the error range for the three runs. The gantry
angle ranges of zero gantry angle error were due to
move-only control points with no dose delivery.

Figure 3a and b show measured errors between
planned and actual leaf positions during VMAT
delivery for three consecutive runs of the same
VMAT plan as in Figure 2. Figure 3a depicts a
position error of right leaf number 20, which is one
of the centre leaves, whereas Figure 3b depicts a
position error of left leaf number 20. Again the red
data points show the position errors for a normal
delivery time of 100 s, whereas the blue data points
show those for a delivery time of 200 s. The bar
shows the error range for the three runs. The gantry
angle ranges of zero leaf error were due to move-only
control points with no dose delivery.

Figure 4a and b depicts measured errors between
planned and actual X1 and X2 back-up jaw
positions, respectively, during VMAT delivery for
three consecutive runs of the same VMAT plan.
Once again, the red data points show the position
errors for a normal delivery time of 100 s, whereas
the blue data points show those for a delivery time of

m Delivery time 100sec
#  Delivery time 200sec

Gantry angle error [degree]

o

B
s
§
5

N ¥
g}{s

-150 -100 ~50 0 50 100 150
Gantry angle [degree]

Figure 2, Measured errors between planned and actual gantry
angles for three consecutive runs of the same VMAT plan. The
red data points show the position errors for a normal delivery time
of 100 s, whereas the blue data points show those for a delivery
time of 200 s. The bar shows the error range for the three runs.
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Figure 3. Measured errors between planned and actual leaf
positions of the two centre leaves for three consecutive runs of
the same VMAT plan: (a) position error of right leaf number 20,
(b) position error of left leaf number 20. Again the red data points
show the position errors for a normal delivery time of 100s,
whereas the blue data points show those for a delivery time of
200s. The bar shows the error range for the three runs. The
gantry angle ranges of zero leaf error were due to move-only
control points with no dose delivery.

200 s. The bar shows the error range for the three
runs. The gantry angle ranges of zero back-up
jaw error were due to move-only control points
with no dose delivery.

Figure 5a and b show gamma-index comparisons
between an ERGO++4+ plan and re-calculated
dose using actual data of ML.C and jaw positions,
gantry angles, and MUs with an interval of every 1 s.
The red areas indicate gamma indices of larger than
one under criteria of (a) 2% of a dose at the
calculated point and 2 mm and (b) 1% of a dose
at the calculated point and 1 mm.

Discussion

We have shown highly accurate prostate VMAT
delivery using Elekta Synergy and ERGO+ +
TPS. While the dose agreement in the isocentre
shows that total MU is correctly delivered, the
agreement of dose distribution on axial, sagittal,
and coronal planes assures accurate VMAT delivery.
In the Synergy control system, the MLC, jaw, and
gantry speed are servo-controlled based on cumula-
tive MUs in each CP. Hence the errors in such
dynamical parameters are quickly compensated by
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Figure 4. Measured errors between planned and actual back-up
jaw positions for three consecutive runs of the same VMAT plan:
(a) position error of X1 jaw, (b) position error of X2 jaw. Once
again the red data points show the position errors for a normal
delivery time of 100 s, whereas the blue data points show those for
a delivery time of 200 s. The bar shows the error range for the
three runs. The gantry angle ranges of zero back-up jaw error were
due to move-only control points with no dose delivery.

real-time feedback control. For instance, it was
found that the gantry angle error was immediately
corrected as seen in Figure 2. In addition to the
mechanical control, it is very important to mention
that ERGO++ creates the MLC shape based on

(a) (b)

the anatomy relationship between the target and
organs at risk from the beams eye view. Since it is a
smooth function of gantry angle, no major changes
are observed in MLC and jaw positions between
adjacent control points thereby leading to more
accurate dose calculation in TPS.

In the present work, the errors in gantry angles,
MLC and jaw positions during VMAT delivery were
analyzed. As seen in Figures 2-4, these errors were
reproduced among three consecutive runs of the
same VMAT plan, and were considered to be caused
by accelerations of gantry, leaves, and jaws, which
were required in almost the same gantry angles. In
fact, it was clearly observed that the gantry angle -
error decreased when the gantry speed was slower as
shown in Figure 2. In principle, smaller leaf and jaw
position errors can be anticipated when the gantry
speed is slower due to lower leaf and jaw speeds.
In the present prostate plan which has no large
leaf and jaw movements during gantry rotation, the
leaf and back-up jaw position errors were compar-
able between two different delivery times. Instead,
error tolerances of leaf and jaw positions given in the
radiation control system may be a major cause of the
observed errors.

As shown in Figure 5, the influence of these
dynamical errors was negligible under criteria of 2%
of a dose at the calculated point and 2 mm. Even
under 1% of a dose at the calculated point and 1 mm
criteria, the result was good except for low dose
region. In other words, the errors in the dynamical
parameters with the observed orders in prostate
VMAT delivery do not affect the resulting dose
distribution significantly.
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Figure 5. Gamma comparison between an ERGO+ + plan and re-calculated dose using acrual data of MLC and jaw positions, gantry
angles, and MUs with an interval of every 1 s. The red areas indicate gamma indices of larger than one under criteria of (a) 2% of a dose at
the calculated point and 2 mm and (b) 1% of a dose at the calculated point and 1 mm.
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Conclusion

VMAT dose measurement for prostate cancer
agreed well with the plan created by ERGO+ +.
The observed errors of the dynamical parameter did
not affect the dose distribution significantly. Quality
assurance for prostate VMAT plans has been
performed with a satisfied result.
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EFFECT OF AUDIO COACHING ON CORRELATION OF ABDOMINAL
DISPLACEMENT WITH LUNG TUMOR MOTION
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*Department of Radiation Oncology and Image-applied Therapy, Kyoto University Graduate School of Medicine, Kyoto, Japan;
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Purpose: To assess the effect of audio coaching on the time-dependent behavior of the correlation between abdom-
inal motion and lung tumor motion and the corresponding lung tumor position mismatches.

Methods and Materials: Six patients who had a lung tumor with a motion range >8 mm were enrolled in the present
study. Breathing-synchronized fluoroscopy was performed initially without audio coaching, followed by fluoros-
copy with recorded audio coaching for multiple days. Two different measurements, anteroposterior abdominal dis-
placement using the real-time positioning management system and superoinferior (SI) lung tumor motion by X-ray
fluoroscopy, were performed simultaneously. Their sequential images were recorded using one display system. The
lung tumor position was automatically detected with a template matching technique. The relationship between the
abdominal and lung tumor motion was analyzed with and without audio coaching.

Results: The mean SI tumor displacement was 10.4 mm without audio coaching and increased to 23.0 mm with
audio coaching (p <.01). The correlation coefficients ranged from 0.89 to 0.97 with free breathing. Applying audio
coaching, the correlation coefficients improved significantly (range, 0.93-0.99; p < .01), and the SI lung tumor
position mismatches became larger in 75% of all sessions.

Conclusion: Audio coaching served to increase the degree of correlation and make it more reproducible. In addi-
tion, the phase shifts between tumor motion and abdominal displacement were improved; however, all patients
breathed more deeply, and the SI lung tumor position mismatches became slightly larger with audio coaching

than without audio coaching. © 2009 Elsevier Inc.

Lung cancer, tumor motion, respiratory gated radiotherapy, audio coaching, correlation.

INTRODUCTION

During conventional radiotherapy (RT) planning for tumor
movement with respiration, an internal margin is added
around the clinical target volume to ensure complete cover-
age of the clinical target volume as it moves because of res-
piration within a treatment session (1). Therefore, it follows
that a large amount of the surrounding normal tissue will
be irradiated, increasing the amount of healthy tissue irradi-
ated and limiting the maximal dose that can be prescribed
to the tumor itself. An abdominal plate, called *“‘diaphragm
control (DC),” has been reported to be suitable for lung tu-
mors to regulate respiratory motion (2). Although DC has
been applied for patients during stereotactic body RT

(SBRT) when the lung tumor motion was >8 mm at our insti-
tution, it was found that DC sometimes had little effect and
was unusable because of poor respiratory function.

As techniques to explicitly account for respiratory-induced
tumor movement, breath-hold (3-5), respiratory gated RT
(6-10), and four-dimensional (11, 12) techniques are effec-
tive in reducing internal margin, resulting in a lower dose
to the normal tissue and thus a lower risk of complications.
Among these techniques, respiratory gated RT has been suc-
cessfully applied to thorax and abdomen lesions in some
institutions (6-10). During respiratory gated RT, the treat-
ment device is periodically turned on and off, in phase or
amplitude with the patient’s breathing pattern, to restrict
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the range of tumor positions during dose delivery. Two types
of gating methods have been categorized: internal and exter-
nal gated RT. Internal gated RT accurately delivers a dose by
monitoring the tumor position in real time using implanted fi-
ducial markers (8). External gated RT requires the acquisition
of a respiration surrogate signal to represent the tumor posi-
tion (6, 7, 9, 10). Although external gated RT is less invasive
for patients, the accuracy of the correlation depends on the
stability of the tumor-surrogate phase or amplitude relation-
ships during the treatment course.

In our institution, we are scheduled to perform external
gated RT for patients who need DC during SBRT for lung
cancer or advanced-stage lung cancer; however, we have
been concerned about the correlation between the abdominal
displacement and lung tumor motion in the superoinferior
(SI) direction. Although Ahn et al. (13) and Hoisak et al.
(14) reported a generally strong correlation without im-
planted fiducial markers, no guarantee exists that similar
results have been obtained at our institution. Some re-
searchers have also reported that the phase of organ motion
does not necessarily match that of the surrogate motion
(13-19). Phase shifts must be addressed to maintain the accu-
racy of the gating window. Ionascu ez al. (17) used a real-time
RT system and quantitatively estimated the time-dependent
behavior of the correlation between abdominal displacement
and implanted fiducial marker motion, and their correspond-
ing amplitude mismatches. They suggested that it is neces-
sary to increase the treatment margins to ensure the phase
shifts.

The preliminary study for gated RT began under an insti-
tutional review board-approved protocol in May 2007. We
developed an in-house method to investigate the tumor-ab-
dominal motion relationship without implanted fiducial
markers and showed a high correlation between these mo-
tions for 11 patients with lung cancer during free breathing
(19). In addition, we have been planning to incorporate audio
coaching to improve the efficiency of external gated RT for
patients with an irregular breathing pattern (20, 21). Al-
though Kini e al. (20) concluded that audio coaching im-
proved the stability of respiration frequency, the effect of
audio coaching on phase shifts and their corresponding
lung tumor position mismatches have not yet been examined.

The purpose of the present study was to assess the effect of
audio coaching on the correlations of abdominal displace-
ment with lung tumor motion in the SI direction and the SI
lung tumor position mismatches between abdominal dis-
placement as a surrogate for the lung tumor position and
the measured lung tumor position.

METHODS AND MATERIALS

Patients

Of the patients who underwent SBRT in four fractions for lung
tumors between May 2007 and December 2007, 6 patients, who
met following criteria, were enrolled in the present study: the lung
tumor was clearly identified by X-ray fluoroscopy (Acuity, Varian
Medical Systems, Palo Alto, CA) and the average peak-to-trough

SI extent of the lung tumor displacement was >8 mm with X-ray
fluoroscopy, as verified by several radiation oncologists. Of the 6
patients, 4 were men and 2 were women (median age, 78 years;
range, 62-81). The lung tumors were located in the right middle
lobe (n = 1), right lower lobe (n = 3), left upper lobe (n = 1), and
left lower lobe (n = 1). The patient characteristics are listed in Table 1.

Data acquisition

A marker block with two infrared reflecting dots was placed on
the anterior abdominal surface of the patient. The anteroposterior
(AP) abdominal skin surface displacement was measured using
the real-time positioning management system (Varian Medical Sys-
tems). The SI lung tumor motion was simultaneously acquired using
X-ray fluoroscopy from the anterior of the patients. The X-ray fluo-
roscopy video signal was recorded at a frame rate of 30 Hz. The
screen of the computer monitoring the abdominal displacement
was displayed in parallel on the X-ray fluoroscopy console monitor
using the remote desktop feature (maximal data transfer rate, 1 Gb/s)

- in Windows XP Professional so that the lung tumor motion and ab-

dominal displacement were displayed on the same screen (Fig. 1).
From the results of the preliminary verification, the phase error
due to the signal delay of the local area network connection was suf-
ficiently small (19).

All patients underwent an X-ray fluoroscopic examination of 60 s
in duration with free breathing. They were then asked to breathe fol-
lowing simple audio coaching, such as “‘breathe in, breathe out,” at
a suitable tempo for each patient. They were trained for 5 min with
the audio coaching to ensure they were comfortable with the breath-
ing tempo and to make any adjustments necessary. After the breath-
ing exercise, an X-ray fluoroscopic examination was performed
again with audio coaching for 60 s. The X-ray fluoroscopy console
monitor on which the abdominal displacement was simultaneously
displayed was recorded on a digital video disk for each mea-
surement. The measurements were performed at SBRT planning
(Session 1), the second treatment session (Session 2), and at the
end of treatment (Session 3). The interval between Sessions 1 and
3 was 10 days, and the duration of SBRT was within 1 week.

Tracking procedure and analysis

Custom software was developed by a medical physicist (M.N.)
to automatically identify the lung tumor position to be detected on
fluoroscopic images. The feasibility of our method for identifying
the lung tumor position has been previously proved (19).

First, the software reads the recorded fluoroscopic images and
runs the following procedure. A reflective marker position was de-
tected using binary image processing and the mean AP abdominal
displacement was then calculated. After measuring the reflective
marker position, a rectangular region of interest (ROI) was set in
the image that sufficiently contained the extent of lung tumor motion
throughout the whole breathing cycle. A median filter witha 3 x 3
filter kernel was used to reduce the noise within the ROL Image his-
tograms within the ROI were equalized to enhance the contrast be-
tween the lung tumor and the background; thereafter, a template
matching technique was applied to automatically detect the lung tu-
mor. We have found that a basic single-template approach for lung
tumor tracking does not work well for lung tumor tracking on X-ray
fluoroscopic images because of the following tumor motion charac-
teristics: the projected lung tumor shape and appearance vary more
or less as a function of the breathing phase; and the X-ray fluoro-
scopic image intensities change with chest expansion and contrac-
tion. To reduce the false detection of the lung tumor position,
three templates of the lung tumor for the exhale (end-ex), inhale
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Table 1. Patient characteristics

Pt. Age Tumor Tumor size
No. ) Gender PS location (mm)

1 78 Male 0 RLL 23

2 77 Male 1 RLL 20

3 62 Female 0 LLL 18

4 81 Male 0 LUL 29

5 77 Female 0 RLL 15

6 78 Male 0 RML 27

Abbreviations: Pt. No. = patient number; PS = performance sta-
tus; RLL = right lower lobe; LLL = left lower lobe; LUL = left upper
lobe; RML = right middle lobe.

(end-in), and middle (mid) respiratory phase were used. The method
of difference measures (Dy, ke [end-in, end-ex, mid]), based on the
square of the difference between the templates and the background
image, was defined as follows:

M-1 N-1

Derxd~in(x7 y) = Z Z{f(x + l>y +J) - gelld'—iﬂ(i?j)}z (1)

=0 j=0

M-~1 N-1

Dend—ex(xa )’) = Z Z{f(x+ l:y +J) - gendwex(ixi)}2 (2)

=0 j=0

M-1 N-1

Dmid(xa )’) = Z Z{.f(x+ l7y +j) - gmid(iaj)}z (3)

=0 j=0

where N and M represent the length and width of the template, and
f(x,y) and gi(x, ¥), (ke [end-in, end-ex, mid)) is the pixel intensity at
location (x, y) of the ROI and templates, respectively. The region of
minimal difference can be determined as the location of the lung tu-
mor (x*, y*¥), as follows:

(x*7y*) = al'g min(Dend—in(xy y))Dend—e.r(xy y)>Dmid(xay)) (4)
(x,y)eROI
The average displacement of lung tumor motion was measured
according to the maximal peak-to-trough SI extent of the tumor dis-
placement. To evaluate the tumor—abdominal phase relationship, the
cross-correlation of the time-synchronized tumor—abdominal mo-
tion and its phase shifts was calculated. The SI lung tumor position
mismatches between the predicted and measured lung tumor posi-
tion were computed according to the method of Ionascu e al.
(17). The mean value and 99% confidence interval of the SI lung
tumor position mismatches were also calculated. The one-sided
Wilcoxon test was performed for the statistical analyses. Values
of p < .01 were regarded as significant.

RESULTS

Figure 2a,b illustrates the SI tumor displacement and AP
abdominal displacement during the full respiratory cycle
with and without audio coaching, respectively. The error
bars represent the standard deviation (SD). The mean =+ SD
of tumor displacement was 10.4 £ 3.0 mm (range, 8.2—
18.9) for patients during free breathing (FB). Audio coaching
increased the displacement to a mean % SD of 23.0 £+ 11.6

Volume 75, Number 2, 2009

mm (range, 10.1-46.2). The mean & SD of abdominal dis-
placement was 6.5 & 2.2 mm for FB. These values increased
to 17.3 £ 6.1 mm with audio coaching. A significant differ-
ence was observed between these groups in both displace-
ments (p < .01).

Table 2 lists the correlation coefficients of tumor motion
with abdominal displacement for each patient with and
without audio coaching. The mean & SD of the correlation
coefficients was 0.95 + 0.02 (range, 0.89-0.97) for FB.
The maximal phase shift was 0.13 s for FB. The mean =+
SD of the correlation coefficients was 0.97 + 0.02 (range,
0.93-0.99) for audio coaching. The mean correlation coeffi-
cient between these groups was also significant (p < .01).
Figure 3a,b shows a diagram of the lung tumor displacement
vs. time and a scatterplot of the lung tumor displacement vs.
abdominal displacement for Patient 5 in Session 3, respec-
tively. Of all the patients, the greatest improvement in the
correlation coefficient was observed for Patient 5. Using au-
dio coaching, the average SI tumor displacement increased
from 9.4 to 18.5 mm (Fig. 3a), and the observed phase shift
between the tumor motion and abdominal displacement
was reduced (Fig. 3b).

The SI lung tumor position mismatches for FB and audio
coaching are summarized in Table 3. These mismatches per-
sisted and varied daily. Although the SI lung tumor position
mismatches became larger in 75% of all sessions with audio
coaching compared with FB, no significant difference was
observed between these groups (p = .01). The SI lung tumor
position mismatches were within an average of 1.70 mm for
FB and 2.09 mm for audio coaching.

DISCUSSION

Treatment planning and dose delivery of external gated RT
requires intra- and interfraction reproducibility of the tumor--
surrogate relationship (13, 14, 19) and stability of the intra-
and interfraction target position (22) during the treatment
course. In the present study, we evaluated the effect of audio

i

H

X-ray fluoroscopy monitor

Fig. 1. Parallel display of real-time positioning management system
monitor showing abdominal motion using reflective marker block
and chest fluoroscopic image, which can project tumor shape from
anterior of patient.
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Fig. 2. (a) Superoinferior tumor displacement and (b) anteroposte-
rior abdominal displacement averaged for consecutive respiratory
cycles with and without audio coaching. Error bars show standard
deviation.

coaching on the correlation of abdominal displacement with
lung tumor motion and SI lung tumor position mismatches
using a template matching technique. Audio coaching gener-
ally led to an increase in the abdominal and lung tumor dis-
placements in the AP and SI direction, respectively.
Although a significant difference was shown in the tumor—
abdominal correlation between the audio coaching and FB,

the ST lung tumor position mismatches became slightly larger -

with audio coaching than without audio coaching.

A strong correlation between the external surrogate signals
and internal tumor motion is required to perform external
gated RT securely. Ahn et al. (13) used skin markers as the

Table 2. Tumor—abdominal motion correlation coefficients
throughout measurement sessions

Free breathing Audio coaching

Pt.  Session Session Session Session Session Session
No. 1 2 3 1 2 3

1 0.97 0.97 0.97 NA 0.98 0.99
2 0.96 0.96 0.95 0.96 0.98 0.98
3 0.97 0.96 0.94 0.99 0.98 0.99
4 0.93 0.95 0.94 0.94 0.93 0.94
5 0.89 0.96 0.93 NA 0.99 0.99
6 0.93 0.97 0.97 0.95 0.96 0.97

Abbreviations: Pt. No. = patient number; NA = not available (pa-
tient did not participate in measurement session).
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Fig. 3. (a) Time course of superoinferior lung tumor position and
(b) scatterplot showing relationship with abdominal position for
Patient 5 in Session 3, with and without audio coaching.

external surrogate signal and verified the relationship be-
tween the movement of the skin and the target organ. They
showed a strong correlation (mean & SD, 0.77 + 0.12) be-
tween the skin and tumor movement, especially for sites in
the lower lung. Hoisak er al. (14) assessed the correlation
of abdominal displacement with the tumor motion as seen
on X-ray fluoroscopy for multiple days, and reported a corre-
lation range of 0.39-0.98. Because of the smaller phase shifts
in our study than in their study, high correlation coefficients
were obtained with FB. A possible cause of the phase shifts
included the breathing type. Two main types of breathing ex-
ist: chest breathing and abdominal breathing. We estimated
that the tumor and abdominal skin surface might move con-
currently in abdominal breathing, which would result in re-
ducing the phase shifts between the lung tumor and
abdominal skin surface. In contrast, a slight time lag would
occur between the abdominal skin surface and the lung tumor
motion in chest breathing. If chest breathing is directed to ab-
dominal breathing, external gated RT using an abdominal
motion signal would then be performed more accurately be-
cause of the better tumor—abdominal correlation. In addition,
patients tended to breathe consciously during audio coach-
ing; thus, chest breathing might switch to abdominal breath-
ing (23). The diaphragm is an important muscle and controls
abdominal and lung tumor movement during respiration. Us-
ing audio coaching, the relaxation/contraction of the dia-
phragm might be stimulated. Thus, it is possible that
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Table 3. Mean SI lung tumor position mismatches with and without audio coaching
Free breathing (mm) Audio coaching (mm)

Pt. No. Session 1 Session 2 Session 3 Session 1 Session 2 Session 3

1 0.49 (0.47-0.52) 0.71 (0.68-0.73) 0.61 (0.59-0.64) NA 0.52 (0.49-0.54) 0.71 (0.67-0.75)
2 1.70 (1.63-1.77) 0.88 (0.85-0.92) 1.00 (0.95-1.06) 1.66 (1.58-1.74) 1.12 (1.08-1.17) 0.53 (0.50-0.55)
3 1.21 (1.15-1.26) 1.26 (1.18-1.33) 0.61 (0.58-0.64) 1.60 (1.51-1.69) 1.70 (1.60-1.79) 1.18 (1.13-1.24)
4 0.44 (0.42-0.46) 0.73 (0.70-0.76) 0.67 (0.64-0.70) 1.49 (1.40-1.57) 1.82 (1.74-1.89) 0.93 (0.89-0.97)
5 0.84 (0.80-0.88) 0.53 (0.50-0.55) 0.86 (0.86-0.90) NA 0.57 (0.54-0.60) 0.69 (0.65-0.72)
6 0.77 (0.73-0.81) 0.45 (0.42-0.48) 0.69 (0.66-0.71) 1.30 (1.24-1.37) 1.72 (1.61-1.82) 2.09 (1.98-2.20)

Abbreviations: SI = superoinferior; other abbreviations as in Table 2.

Data in parentheses are 99% confidence intervals.

stimulation might have resulted in amplification of the lung
tumor and abdominal displacement in the present study.

Although audio coaching significantly improved the tu-
mor-abdominal motion correlation (p < .01), the total tumor
movement as measured during the full respiratory cycle be-
came larger, comparable with the results of Haasbeek et al.
(24). Audio coaching not only stimulated tumor movement
(Fig. 2a), but often resulted in a slight increase in the differ-
ences between the predicted and measured lung tumor posi-
tion in the SI direction (Table 3). For example, the mismatch
was an average of =1 mm for 62.5% of audio coaching com-
pared with 22.2% of FB. Seppenwoolde ef al. (25) used
implanted fiducial markers and reported that the lung tumor
moved with a degree of deviation from the mean trajectory
position. Because the tumor largely moves during the respi-
ration cycle, the deviation would be more pronounced. This
would result in an increase in the SI lung tumor position mis-
matches. In contrast, audio coaching reduced the SI lung tu-
mor position mismatches in 25% of the sessions. Thus, it was
difficult to identify which factor, phase shift or tumor dis-
placement, predominantly affected the ST lung tumor position
mismatches in the present study. Additional margins or
expansion of the gating window would be needed to compen-
sate for these uncertainties in clinical practice.

An additional issue in external gated RT with audio coach-
ing alone is an increase in the SI lung tumor position mis-
matches resulting from the larger motion range of the lung
tumor. Haasbeek er al. (24) also concluded that differences
in lung tumor position >5 mm between FB and audio coach-
ing were detected in =56% of lung tumors with a motion
range >10 mm (24). On the basis of our results, and theirs,
it is more important to manage respiratory motion when ap-
plying audio coaching alone to external gated RT. As one of
the methods to reduce SI lung tumor position mismatches,
audiovisual biofeedback is expected to be suitable (26). The
advantage of audiovisual biofeedback compared with audio
coaching is that patients can maintain an arbitrary depth of res-
piration. Thus, it should result in a decrease in the mismatches

‘between the predicted and measured lung tumor position.

CONCLUSION

Audio coaching served to increase the degree of correla-
tion and made it more reproducible. In addition, the phase
shifts between the tumor motion and abdominal displacement
improved. All patients breathed more deeply, and the SIlung
tumor position mismatches became slightly larger with audio
coaching than without audio coaching.
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Purpose: To examine the effectiveness of concomitant intra-arterial infusion chemotherapy (IAIC) using cisplatin
(CDDP) with radiotherapy for Stage III squamous cell carcinoma of the cervix.

Materials and Methods: We analyzed 29 cases of Stage IIT squamous cell carcinoma of the uterine cervix treated
with radiotherapy and IAIC of CDDP from 1991 to 2006. External-beam therapy was given to the whole pelvis using
four opposing parallel fields with an 18-MYV linear accelerator unit. A central shield was used after 3040 Gy
with external whole-pelvic irradiation, and the total dose was 50 Gy. High-dose-rate brachytherapy was given
with *?Ir microSelectron. The dose at Point A was 6 Gy per fraction, 2 fractions per week, and the total number
of fractions was either 3 or 4. Two or three courses of IAIC were given concomitantly with CDDP 120 mg or carbo-
platin 300 mg.

Results: We confirmed excellent medicine distribution directly by using computed tomographic angiography. The
S-year overall survival rate for Stage III patients was 62 %, the cause-specific survival rate was 70%, and the local
relapse-free survival rate was 89%. Local recurrence, distant metastasis, and occurrences of both were 7%, 38%,
and 3%, respectively. The incidence of severe acute hematologic adverse reactions (Grade =3) was 27% for all
patients; however, all recovered without interruption of radiotherapy. Severe nonhematologic effects (Grade
=3) were 3%, including nausea and ileus. Only 1 patient’s radiotherapy was interrupted for a period of 1 week
because of ileus. Severe late complication rates (Grade =3) for the bladder, rectum, and intestine were 3%,
3%, and 10%, respectively.

Conclusion: A combination of IAIC and systemic chemotherapy should be considered to improve the prognosis of
patients with Stage III squamous cell carcinoma of the cervix. © 2009 Elsevier Inc.

Cervical carcinoma, Intra-arterial infusion chemotherapy, Radiotherapy, High-dose-rate brachytherapy.

INTRODUCTION treatment results of five randomized trials (12—-16). However,
there are some differences between the West and Japan in treat-
ment policy: in the West, patient age for CCRT is approxi-
mately in the 40s (median), younger than Japanese patients,
who are approximately in their 60s. In addition, patients with
early-stage (IB-IIB) cancer receive CCRT in Europe and

America, whereas they receive surgery in Japan. The above-

Radical radiotherapy (RT) for patients with uterine cervical
cancer is well established, and equally good treatment results
have been obtained compared with early-stage surgical treat-
ment. However, the prognosis for patients with advanced uter-
ine cervical cancer is still poor. To improve the prognosis for
patients with advanced cervical cancer, further effort is re-

quired. Since 1999 many investigators have started paying at-
tention to platinum-based concurrent chemoradiotherapy
(CCRT) (1-11), since the National Cancer Institute announced
its recommendation of CCRT for cervical cancer, based on the

mentioned studies (1-16) exhibit evidence of the effectiveness
of CCRT in patients with early-stage (IB-1IB) cervical cancer,
whereas no obvious evidence of survival benefit has been
shown for patients with locally advanced cervical cancer.
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Intra-arterial infusion chemotherapy (IAIC) is considered
useful for improvement of local control and survival, and
many investigators have an interest in the use of neoadjuvant
chemotherapy before radical surgery or RT and in the use of
concurrent chemoradiotherapy (17-38). Many investigations
have shown encouraging results for local control, but many
reports have shown no definite effect on survival. There
have been few reports on IAIC combined with concurrent
RT. Moreover, there have been few reports concerning the
evaluation of drug distribution.

We investigated the effect of concurrent IAIC with radical
RT for advanced (Stage III) squamous cell carcinoma of the
cervix. We have previously reported our experience with lo-
cally advanced (Stage II or higher) cervical cancer treated
with this strategy (36). In this study we confirmed whether
the anticancer drug had satisfactorily entered the tumor.
Drug distribution was evaluated with computed tomographic
angiography (angio-CT), and the drug was shown to be
evenly distributed throughout the tumor.

We limited the cases to Stage III squamous cell carcinoma
only, added patients treated between 1999 and 2006, and an-
alyzed the long-term outcome for patients treated with con-
current IAIC and RT.

METHODS AND MATERIALS

Patients

Twenty-nine patients with Stage III squamous cell carcinoma
of the cervix who were treated by RT and IAIC using cisplatin
(CDDP) with curative intent at Hiroshima University from 1991
to 2006 were evaluated. The tumor was staged according to In-
ternational Federation of Gynecology and Obstetrics criteria, and
all patients were confirmed as Stage III. Two patents had Stage
IIIA disease, and 27 patients had Stage IIIB disease. We ex-
cluded patients with obvious para-aortic lymph node (PAN)
metastasis by CT at initial diagnosis. Patients were initially
evaluated and staged by physical and pelvic examination by
gynecologists and radiation oncologists, without general
anesthesia.

Patient characteristics are shown in Table 1. Mean patient age was
56 years (range, 26-72 years). Stage III tumors were classified into
three sizes: small (tumor slightly extending to the pelvic wall), me-
dium (tumor massively extending to one pelvic wall), and large (tu-
mor extending to both pelvic walls) (39). The number of patients
with a small tumor was 1, with medium was 16, and with large
was 12. There were 9 patients with keratinizing type, 19 with
non—keratinizing type, and 1 with a further different type. Pelvic
lymph node swelling was diagnosed by CT, and a clinically positive
node was defined as a lymph node with a minimum diameter of >1
cm on CT. There were 7 patients with mild coexisting illness (e.g.,
hypertension, diabetes mellitus). Previous abdominal surgery had
been carried out in 9 patients.

Treatment policies

Our treatment policies are listed in Table 2. To decrease patient
discomfort at application, our rate of whole-pelvic external irradia-
tion was higher; however, our rate of intracavitary irradiation was
lower than that of the Japanese general rules for clinical and patho-
logic management of uterine cervical cancer (39). We used IAIC for
locally advanced cervical cancer.
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Table 1. Patient characteristics

Patients 29
Age (y), mean (range) 56 (26-72)
Stage IIT tumor size*

Small 1

Medium 16

Large 12
Histology

Keratinizing 9

Nonkeratinizing 19

Other 1
Lymphadenopathy

Yes 7

No 22
Coexisting illness (e.g., diabetes mellitus, hypertension)

Yes 7

No 22
Previous abdominal surgery (e.g., appendectomy)

Yes 9

No 20

Values are number except where noted.

* Small tumor (S): tumor slightly extending to the pelvic wall;
medium tumor (M): tumor massively extending to one pelvic
wall; large tumor (L): tumor extending to both pelvic walls,

Radiotherapy

External-beam RT (EBRT) was given to the whole pelvis using
the parallel-opposed (anteroposterior—posteroanterior) technique
or the four-field box technique with an 18-MV linear accelerator
unit. The daily fraction size was 1.8-2 Gy, with 5 fractions weekly.
The superior border of the anteroposterior—posteroanterior fields
was the superior edge of LS, the inferior border was the obturator
foramen, and fields extended laterally to 1.5-2 cm outside of the
true pelvis. The anterior border of the lateral fields was over the an-
terior edge of the pubic symphysis, and the posterior border was the
anterior surface of the sacrum. A central shield was used after 30—40
Gy (mean, 36.4 Gy) with external whole-pelvic irradiation, and the
total dose was 50 Gy (mean, 50 Gy). High-dose-rate intracavitary
brachytherapy was given with '%*Ir micro-Selectron for 27 patients.
The dose at Point A was 6 Gy per fraction, 1 or 2 fractions per week,
and the number of fractions was 3 or 4. Mean total dose of high-
dose-rate intracavitary brachytherapy was 20.4 Gy (range, 12-30
Gy). For 2 patients, low-dose-rate intracavitary brachytherapy was

Table 2. Radiotherapy treatment policies

External irradiation (Gy)

Whole Central Intracavitary irradiation
Stage pelvis shield (Point A [Gy])/fractions)
1 0-30 45-50 18-30/3-5
)i
Small 0-30 45-50 18-30/3-5
Large 24-36 14-26 18-24/3-4
I
Small-medium* 30--36 14-16 18/3
Large* 3440 10-14 12-24/2-4
IVA* 36-50 0-14 12-24/2-4

Stage III tumor sizes as defined in Table 1 footnote.
* With chemotherapy (including intra-arterial infusion) where
possible.
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