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Fig. 5. Amount of time used for treatment planning (RTP) of stereo-
tactic body radiotherapy. The most common time was 61-120 min.

The most frequent schedules used for primary liver cancer
were 48 Gy in 4 fractions at four institutions, followed by
50 Gy in 5 fractions at three institutions and 45 Gy or 30
Gy in 3 fractions at two institutions, as shown in Fig. 3.
The schedule tended to be the same for metastatic liver can-
cer, as shown in Fig. 4.

The averagé number of personnel involved in SBRT was
1.8 radiation oncologists, which included 1.1 certified radia-
tion oncologists, 2.8 technologists, 0.7 nurses, and 0.6 certi-
fied QA personnel and 0.3 physicists.

The most frequent time consumed for treatment planning
was 61-120 min, as shown in Fig. 5. For QA it was 50-60
min, as shown in Fig. 6, and for single daily treatment it
was <30 min, as shown in Fig. 7.

The most frequently used fixing apparatus was a body
frame at 30 institutions (68%), followed body fix system,
plastic shell, and others, as shown in Fig. 8.

The most frequent verification method before each treat-
ment was portal film at 41 institutions (62%), followed by
9 institutions (13%) with CT on rails and 8 (12%) with an im-
age-guided radiotherapy system, as shown in Fig. 9.

The most common respiratory state was free breathing at40
institutions (77%), followed by breath-holding at 7 (13%)
and respiratory-gated irradiation at 5 (10%). Thirty-two
institutions (74%) used abdominal compression, followed
by 6 (14%) using voluntary breath holding and 5 (12%) using
compulsory holding, as shown in Fig. 10.
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Fig. 6. Amount of time used for the single quality assurance QA)
of stereotactic body radiotherapy. The most common time was 50~
60 min,
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Fig. 7. Amount of time used for single daily treatment of stereotac-
tic body radiotherapy. The most common time was <30 min.

Eighteen institutions (34%) used Focus-Xio (CMS, St.
Louis, MO), followed by Eclipse (Varian Medical Systems,
Palo Alto, CA) in 15 (28%), the Pinacle system (Philips, Mil-
pitas, CA)in 11 (20%), and the RPS-700 system (Mitsubishi,
Tokyo, Japan) in 5 (9%). Forty-three institutions (79%) used
fixed noncoplanar beams, nine used dynamic arc therapy, and
three used both rotational and dynamic therapy. Forty-eight
institutions (94%) used lung heterogenous corrections.

There were 14 (0.6% of all cases) reported cases of Grade 5
complications: 11 cases of radiation pneumnonitis, 2 cases of
hemoptysis, and 1 case of radiation esophagitis.

DISCUSSION

In Japan, SBRT has been approved as anew method for the
treatment of early lung cancer and oligometastatic lung
tumors, early liver cancer, oligometastatic liver tumors, and
spinal arteriovenous malformation.

However, to limit abuse of this high-technology treatment,
the government set up several requirements for radiotherapy
institutes to obtain reimbursement, The first requirement is to
have a minimum of one full-time experienced radiation
oncologist, one radiation physicist, and one experienced
technician. The second requirement is for the apparatus for
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Fig. 8. Fixing apparatus used for stereotactic body radiotherapy.
Body frame was most frequently used.
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Fig. 9. Verification methods used for stereotactic body radiother-
apy. Portal film was most frequently used. IGRT = image-guided
radiotherapy; CT = computed tomography.

SBRT to include a CT simulator, a three-dimensional radia-
tion treatment-planning system, a microdosimeter, and
a water phantom. The third requirement is to perform
SBRT under institutional QA guidelines and to limit the
setup error of the isocenter to within 5 mm,

In 2003, of the more than 700 radiation oncologic depart-
ments, 53 institutions had started SBRT.

The most frequent indication for SBRT was primary lung
cancer, followed by secondary lung cancer, primary liver
cancer, secondary liver cancer, and spinal arteriovenous mal-
formation. One of the most important points of this survey
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Fig. 10. Respiratory regulation method used for stereotactic body
radiotherapy. Abdominal press was most frequently used.

was to recognize serious complications of SBRT. In total,
11 serious pulmonary Grade 5 complications, 2 bronchial
bleedings, and an esophageal ulceration were encountered.
Our retrospective analysis revealed that most of these pulmo-
nary Grade 5 patients also had interstitial pneumonitis,
although 2 had no underlying pulmonary disease. These 2
patients are suspected to have had underlying interstitial pul-
monary disease without manifestation in chest X-rays, Inas-
much as SBRT is known to be basically harmless, rare Grade
5 complications should be carefully studied.

This survey will continue to be performed to recognize
current trends and results.
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Purpose: Image-guided bmpsy occasionally fails to diagnose small lung lesions, which are highly suggestive of pri-
mary lung cancer. The aim of the present study was to evaluate the outcome of stereotactic body radiotherapy
(SBRT) for small lung lesions that were clinically diagnosed as primary lung cancer without pathologic confirmation.
Methods and Materials: A total of 115 patients were treated with SBRT in 12 institutions. Tumor size ranged from
5 to 45 mm in diamefer, with a median of 20 mm.

Results: The 3-year and S-year overall survival rates for patients with a tumor size =20 mm in diameter (n = 58)
were both 89.8%, compared with 60.7% and 53.1% for patients with tumors >20 mm (1 = 57) (p <0.0005), respec-
tively. Local progression occurred in 2 patients (3.4%) with a tumor size =20 mm and in 3 patients (5.3%) with
tumors >20 mm. Among the patients with a tumor size =20 mm, Grade 2 pulmonary complications were observed
in 2 (3.4%), but no Grade 3 to 5 toxicity was observed, In patients with a tumor size >20 mm, Grades 2, 3, and 5§
toxicity were observed in 5 patients (8.8%), 3 patients (5.3%), and 1 patient (1.8%), respectively.

Conclusion: In patients with a tumor =20 mm in diameter, SBRT was reasonably safe in this retrospective study. The
clinical Implications of the high local control rate depend on the accuracy of clinical/radiologic diagnosis for small
lung lesions and are to be carefully evaluated in a prospective study, © 2009 Elsevier Inc,

Lung cancer, Stereotactic radiotherapy, Stereotactic body radiotherapy.

INTRODUCTION

Pathologic diagnosis is essential for the treatment of primary
lung cancer. However, image-guided biopsy occasionally
fails to diagnose small lung lesions, which are highly sugges-
tive of primary lung cancer. When patients refuse re-biopsy
or surgical resection, watchful waiting is usually indicated.
There are other groups of patients in whom a pathologic di-
agnosis is very difficult to make, such as those with medical
reasons for not being able to undergo biopsy and those with
a history of surgical resection of non-small-cell lung cancer
(NSCLC) and a small peripheral lung lesion on follow-up

often have difficulty undergoing a second surgical resection
because of lowered respiratory function resulting from the
previous surgery. Patients with cancer who are under watch-
ful waiting are at risk for invasive growth of the primary tu-
mor, lymphatic spread, and distant metastasis. Patients who
choose to receive elective surgical resection of the small
lung lesions to quantify the pathologic diagnosis may experi-
ence serious respiratory dysfunction. A proportion of the pa-
tients who do not have malignant tumors are inevitably
overtreated and experience surgical complications.
Stereotactic body radiotherapy (SBRT) has been one of the
treatments for Stage INSCLC in medically inoperable patients.

computed tomography (CT). The patients in the latter group

Recently, high local control and survival rates of SBRT were
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reported in several studies (1-7). Onishi ef al. summarized the
results of a Japanese series retrospectively and reported that
a pulmonary complication rate of above Grade 2 arose in
only 5.4% of patients (1). For the patients who received
a dose compatible with the biologic effective dose (BED) of
100 Gy or more, the local contro] rate was 91 6%. For the pa-
tients who were judged to have been operable but who were
treated with SBRT, the S-year overall survival rate was
70.8%, which is equivalent to that achieved in the previously
mentioned surgery series (1).

A serious question among radiation oncologists is whether
it is ethically justifiable not to give SBRT to those patients
who have peripheral lung lesions highly suggestive of lung
cancer but who failed to have lung cancer diagnosed patho-
logically. If SBRT is as safe as image-guided re-biopsy and
as effective as surgical resection, it may be ethical to give
SBRT to these patients. However, we cannot answer this
question, because the risk and benefit have not been com-
pared between elective surgical resection, watchful waiting,
and SBRT for small peripheral lung lesions without patho-
logic confirmation. A

We have found in a national survey of SBRT that a small
number of patients with the clinical diagnosis of NSCLC are
actually treated with SBRT without pathologic confirmation
in each institution. The aim of the present study was to eval-
uate the outcome of SBRT for peripheral small lung lesions
that were clinically diagnosed as primary lung cancer without
pathologic confirmation in 12 institutions during the past 10
years in Japan.

METHODS AND MATERIALS

Eligibility criteria

Twelve institutions were selected from the member institutions of
the Japan Clinical Oncology Group trial, JCOG0403, for which the
quality of clinical record and dosimetry accuracy of SBRT had al-
ready been evaluated by audit (8). Thisis a multi-institutional retro-
spective study using the same eligibility criteria, which were that (a)
surgery was contraindicated or refused, (b) the tumor diameter was
<50 mm, (c) tumors were highly suggestive of primary lung cancer
and diagnosed as Stage I lung cancer clinically but the patients did
not have a pathologic diagnosis, and (d) the performance status was
0 to 2 according to World Health Organization guidelines.

Patients

A total of 115 patients who were highly suspected of having lung
cancer but who lacked pathologic confirmation of the disease were
diagnosed with Stage I lung cancer clinically and treated with SBRT
in 12 institutions during the last 10 years in Japan. The patient char-
acteristics are given in Table 1. There were 93 cases of TINOMO and
22 cases of T2NOMO disease. The number of medically operable and
inoperable patients was 43 and 72, respectively. Tumor size was re-
corded at the maximum diameter on the CT scan taken at the statt of
radiotherapy. The median tumor size was 20 mm (range, 5-45 mm).
The median follow-up period was 14 months (range, 1-142
months). There were 11 patients whose follow-up period was <4
months at the time of this analysis.

Diagnosis was based on CT findings and enlargement of the
lesion on sequential examination with or without fluorodeoxyglu-
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Table 1. Characteristics of patients (115 patients)

Characteristic Value

Age (y)

Median 11

Range 50-92
Gender (1)

Male 87

Female 28
Tumor size (mm)

Median 20

Range 5-45
T stage (n)

T1 93

T2 22
Medical condition (n)

Operable 43

Inoperable 72

cose (FDG)-positron emission tomography (PET) findings. The tu-
mors were diagnosed as highly suggestive of primary lung
cancer by diagnostic radiologists when there was definitive en-
largement of the lesion on sequential CT examination and/or
positive findings on FDG-PET without any metastatic lesion in
the diagnostic evaluation. Several findings such as the configura-
tion of the lung lesion were also used in the diagnosis. Of 72
patients who were examined with FDG-PET, 67 patients had
positive findings on FDG-PET. Other clinical history and find-
ings as well as laboratory findings were also used for diagnosis
as much as possible to prevent inclusion of patients with meta-
static Jung tumors or inflammatory or granutomatous lesions in
the study population.

The reasons for the lack of pathologic confirmation were as fol-
lows: (a) bronchoscope- or CT-guided biopsy failed in 59 patients,
and these patients refused re-biopsy or surgical resection; (b) 21 pa-
tients were not indicated for a biopsy procedure or surgery because
of medical complications; (c) 14 patients refused a biopsy procedure
as well as surgery even at the initial examination; (d) a biopsy was
not indicated in 14 patients because their history of NSCLC was
strongly suggestive of the new development of a second primary
NSCLC, likely inoperable, and they refused surgery; and (e) abiopsy
was not indicated in 7 patients because there was little possibility to
confirm the pathology because of the tumor’s small size, and these
patients refused surgery.

Radiotherapy

All patients underwent irradiation using stereotactic techniques.
Three-dimensional treatment planning was performed using non-co-
planar static ports or dynamic arcs. Various techniques using breath-
ing control or gating methods and immobilization devices such as
a vacuum cushion with or without a stereotactic body frame were
used to reduce respiratory intemal margins. Appropriate margins
were adopted for the clinical target volume and the planning target
volume.

A total dose of 30 to 70 Gy at the isocenter was administered in
two to 10 fractions. Using a linear-quadratic model, we defined
the BED as nd(1+d/a/B), with Gray units, where n was the fraction-
ation number, d was the daily dose, and the o/ ratio was assumed to
be 10 for tumors. The BED was not corrected with values for tumor
doubling time or treatment term. The median BED at the isocenterin
this study was 106 Gy (range, 56-141 Gy).
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Fig. 1. Kaplan-Meier curve of overall survival rates for the patients
with a tumor size (diameter) of St0 10 mm (n=11), 11 to 20 mm (n
=47), 21 to 30 mm (n = 35), and 31 to 45 mm (n = 22).

Ethical considerations

Use of SBRT was approved for Stage I lung cancer by the ethics
committee in each institution, Clinically diagnosed Stage I lung can-
cer was not included in the ineligibility criteria at each institution.
Written informed consent to receive SBRT was obtained from all
patients. This retrospective study was approved by the ethics com-
mittee of each institution and was performed in accordance with
the 1975 Declaration of Helsinki, as revised in 2000.

Statistical analysis

Overall survival rates were calculated from the first day of treat-
ment using the Kaplan-Meier method. The log-rank test was used to
calculate statistically significant differences. A value of p <0.05 was
considered to be statistically significant.

RESULTS

Survival

‘We separated the patients into four groups by tumor size at
its maximum diameter, consisting of the 5 to 10 mm (Group
A; n=11), 11 to 20 mm (Group B; n = 47), 21 to 30 mm
(Group C; n = 35), and 31 to 45 mm (Group D; n = 22)
groups. The 3-year and 5-year overall survival rates were
both 100% for Group A, both 87.2% for Group B, 58.7%
and 48.9% for Group C, and both 64.5% for Group D
(Fig. 1). When we excluded the 11 patients whose follow-
up period was <4 months, there was no apparent difference
in these results; 3-year and S-year overall survival rates
were both 100% for Group A, both 87.2% for Group B,
and 58.7% and 39.2% for Group C, and both 67.7% for
Group D.

The 3-year and 5-year overall survival rates were both
89.8% for patients with a tumor size =20 mm (n = 58) com-
pared with 60.7% and 53.1% for patients with a tumor size
>20 mm (n = 57) (p <0.0005; Fig. 2). According to medical
operability, the 3-year and 5-year overall survival rates for
operable patients (n = 43) were both 88.4%, compared with
67.0% and 60.9% for inoperable patients (» = 72) (Fig. 3).
According to BED, the 3-year and 5-year overall survival
rates for the patients with BED <100 Gy (n = 17) were

100

Joal bl it 4
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{%)

40 21-45mm

20
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Fig. 2. Kaplan-Meier curve of overall survival rates for the patients
with a tumor size (diameter) of 5 to 20 mm (n=58) and 21 to 45 mm
(n=57). A statistically significant difference was found (p <0.0005)
between the two groups.

both 71.8%, compared with 76.6% and 61.9% for the patients
with BED = 100 Gy (n = 98) (Fig. 4).

Local tumor response and distant metastases

Local progression occurred in 2 patients (3.4%) with a tu-
mor size =20 mm and in 3 patients (5.3%) with a tumor size
>20 mm. Lymphatic and distant metastasis were observed in
3 patients (5.2%) and 6 patients (10.3%) with a tumor size
=20 mm and in 6 patients (10.5%) and 10 patients (17.5%)
with a tumor size >20 mm, respectively. For the patients
with BED <100 Gy, no local progression occurred.

Toxicities

Pulmonary adverse effects were graded according to the
Common Toxicity Criteria for Adverse Events version 3.0. In
brief, radiation pneumonitis was graded as follows: Grade 1,
asymptomatic, radiologic findings only; Grade 2, symptom-
atic, not interfering with activities of daily life (ADL);
Grade 3, interfering with ADL, O2 indicated; Grade 4,
life-threatening, ventilatory support indicated; and Grade 5,
death.

Of patients with a tumor size =20 mm in diameter, Grade 2
pulmonary complications were observed in 2 patients (3.4%),
whereas no patients experienced Grade 3 to 5 toxicities. In
patients with a tumor size >20 mm, Grades 2, 3, and 5 pulmo-
nary toxicities were observed in 5 patients (8.8%), 3 patients
(5.3%), and 1 patient (1.8%), respectively. A Grade 5 pulmo-
nary complication occurred in 1 patient with interstitial pneu-
monia, which resulted in acute worsening from SBRT after
1.5 months. One case of radiation pleuritis, one case of inter-
costal neuralgia, and one case of rib fracture were observed,
but these patients’ symptoms were controlled easily by con-
servative treatment, Grade 2 pulmonary toxicity occurred in 3
cases (17.6%) in patients with BED <100 Gy and in 8 cases
(8.2%) in patients with BED =100 Gy.

DISCUSSION

There is no doubt that pathologic diagnosis is the most
accurate diagnosis for lung tumors. When possible, clinicians
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Fig. 3. Kaplan-Meier curve of overall survival rates for operable (n
= 43) and inoperable (n = 72) patients. No statistically significant
difference was found (p = 0.07) between two groups.

should persuade patients to receive pathologic confirmation
before SBRT and to receive surgical resection if they are op-
erable. However, as we have observed in this retrospective
study, for patients with poor respiratory function, pathologic
confirmation of the small lung lesions is often difficult or life
threatening and occasionally abandoned by pulmonologists
and thoracic surgeons. Therefore, it is extremely important
to find a subset of patients who would benefit from SBRT
instead of the conventional strategy of watchful waiting or
elective surgical resection.

In patients with clinically diagnosed lung cancer =20 mm
in diameter, the 3-year survival rate was 89.8% in our series.
Although the median follow-up is still short, the 5-year sur-
vival rate was projected to be 89.8% for these patients. Be-
cause of the very low complication rate for these patients,
SBRT for inoperable patients highly likely to have Stage I
lung cancer with tumors <20 mm in diameter may be justifi-
able. However, the excellent survival rates for those patients
with tumors <20 mm may be partly caused by the inclusion
of nonmalignant lesions in the radiation-treated patients. The
clinical implications of the high local control rate depend on
the accuracy of clinical/radiologic diagnosis for small lung
lesions and are to be carefully evaluated in a prospective
study.

Median follow-up period 14 months was relatively short,
including 11 patients whose follow-up period was <4
months. However, 3- and 5-year survival data were not im-
pacted so much by them because follow-up period of the
other patients was much longer.

Onishi et al. reported that the patients treated with BED
<100 Gy had a tendency to have worse clinical outcomes
than those treated with larger dose in SBRT (1). In this study,
there were only 17 patients who received BED <100 Gy.
There was no significant difference in overall survival rates
between those treated with BED <100 Gy and those treated
with BED=100Gy, probably because of the small number
of the patients who received BED <100 Gy.

Improvement of clinical/radiologic diagnosis of small lung
tumors is essential if SBRT is used for clinically diagnosed
Stage I lung cancer. Before the introduction of FDG-PET,
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Fig. 4. Kaplan-Meier curve of overall survival rates for the patients
with a biologic effective dose (BED) <100 (n=17)and aBED =100
(n = 98). No statistically significant difference was found (p = 0.95)
between the two groups.

the percentage of benign diseases in the solitary lung nodules
detected by plain chest X-ray or CT was reported to be 25%
to 50%, which is obviously too high (9-12). However,
improvement of imaging modalities has made it possible to
diagnose small peripheral lung cancer much more precisely
than before. There were recent reports that FDG-PET and
PET/CT showed 88% to 96.8% sensitivity, 77% to 77.8%
specificity, and 91.2% accuracy in diagnosis of primary
lung cancer (13, 14). A combination of positive FDG-PET
findings, enlargement of the nodule on CT image, and nega-
tive laboratory tests for worsening of inflammatory diseases
would reduce the false-positive diagnosis of Stage I lung can-
cer. However, Nomori et al. reported that lung nodules that
were <10 mm in size or that showed ground-glass opacity
on CT image cannot be evaluated accurately by FDG-PET
(15). Therefore, for solid round tumors <10 mm and those
with ground-glass appearance, watchful waiting would be
the preferable choice at present, and improvement indiagnos-
tic imaging is warranted. In addition, even if small lung
lesions are highly suggestive of primary lung cancer on clin-
ical/radiologic examination, the possibility of small-cell lung
cancer (SCLC), for which it is better to be given additional
chemotherapy, cannot be excluded. Some tumor markers
such as neuron-specific enolase or progastrin-releasing pep-
tide are shown to have relatively high sensitivity and specific-
ity for SCLC (16). Tumor marker screening has the potential
to reduce the inclusion of SCLC, although the tumor size may
be too small to detect marker elevation.

Recently video-assisted thoracoscopic surgery (VATS) for
lung cancer has become a safe and common procedure. In
comparison with open surgery, VATS is less invasive and
is associated with less morbidity and mortality (17). How-
ever, a recent review showed that VATS still has a 3.3% to
13.4% complication rate for surgical biopsy and a 7.7% to
36.6% complications rate for lobectomy (17). In 567 patients
with peripheral NSCLC =20 mm who were operable as eval-
uated by cardiopulmonary function tests and had no history
of previously treated cancer, the complication rate was re-
ported to be 6.6% for sublobar resection and 7.3% for lobar
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resection with 1 operative death (18). In the present SBRT
study, for patients with a peripheral lung tumor =20 mm
who were often inoperable based on cardiopulmonary func-
tion tests and who could have a history of previously treated
cancer, only 3.4% (2 of 58) experienced Grade 2 pulmonary
complications and none experienced Grade 3 to 5 complica-
tions. Therefore, although the comparison of the complica-
tion between surgery and SBRT is difficult, SBRT can be
regarded as a safer treatment than lobectomy using VATS
and as safe as biopsy using VATS for patients with a tumor
size =20 mm. On the contrary, for patients with a tumor
size >20 mm, Grade 2, 3, and 5 pulmonary complications
were observed in 8.8% (5 of 57), 5.3% (3 of 57), and 1.8%
(1 of 57) of study patients, respectively. Because the risk of
SBRT is not minimal for these patients, the indication of
SBRT for clinically diagnosed Stage I lung cancer with a
tumor >20 mm should be very carefully evaluated by mem-
bers of the cancer board in each institution.

It is important to state that our study does not give any
guidance for inoperable patients whose tumors are highly
suggestive of benign lesions but that cannot be definitely

determined not to be malignant, as this study looks only at
those with tumors highly suggestive of malignant lesions. Pa-
tients with benign pulmonary lesion such as hamartoma,
granulomatous inflammation, and focal fibrosis may require
pathologic confirmation because these patients sometimes
have tumors highly suggestive of benign lesions but that can-
not be definitely determined not to be malignant. At present,
it is obvious that VATS should be recommended for operable
patients with tumors that are highly suggestive of benign
lesions but that cannot be definitely determined not to be
malignant, as VATS gives us pathologic confirmation.

CONCLUSION

In conclusion, in clinically diagnosed Stage I lung cancer
patients with a amor =20 mm in diameter, SBRT was rea-
sonably safe in this retrospective study. The clinical implica-
tions of the high local control rate depend on the accuracy of
clinical/radiologic diagnosis for small lung lesions and are to
be carefully evaluated in a prospective study.
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Purpose; To assess the effect of audio coaching on the time-dependent behavior of the correlation between abdom-
Tiial motion and lung fumor motion and the corresponding lung tumor position mismatches.
Methods and Materials: Six patients who had a lung tumer with a motion range >8 mm were enrolled in the present

study, Breathing-synchronized fluoroscopy was perform
copy with recorded audio coaching for multiple days. Two
placement using the real-time positioning management
fluorescopy, were performed simultaneously. Their seq

sys

ed initially without audio coaching, followed by fluoros-
different measurements, anteroposterior abdominal dis-
tem and superoinferior (SI) lung tumor motion by X-ray
rential 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 range

coaching, the correlation coefficients improved significantly (range,
position mismatches became larger in 75% of all sessions.
of correlation and make it more reproducible. In addi-

Conclusion: Audie coaching served to increase the degree
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.

d from 0.89 to 0,97 with free breathing, Applying audio

0.93-0,99; p < .01), and the SI lung tumor

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 tumed 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 sutrogate 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 schedunled to perform external
gated RT for patients who need DC during SBRT for lung
cancer or advanced-stage lung cancer; however, we have
been concemed about the correlation between the abdominal
displacement and lung tumor motion in the superoinferior
(S]) 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 mnot necess‘arﬂy match that of the surrogate motion
(13-19). Phase shifts must be addressed to maintain the accu-
racy of the gating window. Ionascu et al. (17) used areal-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 et 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 (» = 3), left upper lobe (1 = 1), and
left lower lobe (12 = 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 paralle]l 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-
suremnent. 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 with a 3 x 3
filter kernel was used to reduce the noise within the ROI, 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. W) 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 (D, ke [end-in, end-ex, mid]), based on the
square of the difference between the templates and the background
image, was defined as follows:
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where N and M represent the length and width of the template, and
fx, y) and gi(x, ), (ke [end-in, end-ex, mid)) is the pixel intensity at
Jocation (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*,}’*) = arg min(D,,,d-,-,, (x; y))Dend-ex(xn )'), Dmid(x’ )’)) (4)
(xa)eRrO!

The average displacement of lung tumor motion was measured
according to the maximal peak-to-trough SI extent of the tamor 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 SIlung tumor position
mismatches between the predicted and measured lung tumor posi-
tion were computed according to the method of lonascu et 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 misrnatches 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

Reflective marker block

i
i

Fig, 1. Paralle] 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 SIlung tumor position mismatches became slightly larger
with audio coaching than without audio coaching.

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

Table 2, Tumor—abdominal motion corzelation coefficients
throughout measurement sessions

Free breathing Audio coaching

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

097 0.97 0.97 NA 0.98 0.99
0.96 0.96 0.95 0.96 0.98 0.98
0.97 0.96 0.94 0.99 0.98 0.99
0.93 0.95 0.94 0.94 0.93 0.94
0.89 0.96 0.93 NA 0.99 0.99
0.93 0.97 0.97 0.95 0.96 0.97

[ R R R T S

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 audie 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 et 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 andio coaching com-
pared with 22.2% of FB. Seppenwoolde et 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 et 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 turnor motion and abdominal displacement
improved. All patients breathed more deeply, and the S1lung
tumor position mismatches became slightly larger with audio
coaching than without audio coaching.

REFERENCES

1. International Commission on Radiation Units and Measure-
ments. Prescribing, recording and reporting photon beam
therapy: Report No. 62 (supplement to ICRU report No. 50.
Bethesda: ICRU; 1999.

2. Negoro Y, Nagata Y, Aoki T, et al. The effectiveness of an im-.

mobilization device in conformal radiotherapy for lung tumor:
Reduction of respiratory tumor movement and evaluation of
the daily setup accuracy. Int J Radiat Oncol Biol Phys 2001;
50:889-898.

3. Hanley J, Debois MM, Mah D, ef al. Deep inspiration breath-
hold technique for lung tumors: The potential value of target
immobilization reduced lung density in dose escalation. Int J
Radiat Oncol Biol Phys 1999;45:603-611.

4. Rosenzweig KE, Hanley J, Mah D, et al. The deep inspiration
breath-hold technique in the treatment of inoperable non
small-cell lung cancer. Int J Radiat Oncol Biol Phys 2000;48:
81-817.

5. Mah D, Hanley J, Rosenzweig KE, et al. Technical aspects of
the deep inspiration breath-hold technique in the treatment of

thoracic cancer, Int J Radiat Oncol Biol Phys 2000;48:
1175-1185.

6. Ramsey CR, Cordrey IL, Oliver AL. A comparison of beam
characteristics for gated and nongated clinical x-ray beams.
Med Phys 1999;26:2086-2091.

7. PaoliJ, Rosenzweig KE, Yorke E, et al. Comparison of different
respiratory levels in the treatment of lung cancer: Implications
for gated treatment. Int J Radiat Oncol Biol Phys 1999;45:
386-387.

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

9. Ford EC, Mageras GS, Yorke E, et al. Evaluation of respiratory
movement during gated radiotherapy using film and electronic
portal imaging. Int J Radiat Oncol Biol Phys 2002;52:522-531,

10. Berson AM, Emery R, Rodriguez L, ef al. Clinical experience
using respiratory gated radiation therapy: Comparison of free-
breathing and breath-hold techniques. Int J Radiat Oncol Biol
Phys 2004;60:419-426.

~ 931 ~



11,

12.

13,

14.

15.
16.

17.

18.

19,

Effect of audio coaching on tumor—abdominal correlation @ M. Naxkamura ef al.

Keall PJ, Kini V, Vedam S8, ef al. Motion adaptive X-ray ther-
apy: A feasibility study. Phys Med Biol 2001;46:1-10.

Keall PJ, Joshi S, Vedam S8, et al. Four-dimensional radiother-
apy planning for DMLC-based respiratory motion tracking.
Med Phys 2005;32:942-951.

Abhn S, YiB, SuhY, et al. A feasibility study on the prediction
of tumour location in the lung from skin motion. Br J Radiol
2004;77:588-596.

Hoisak JD, Sixel KE, Tirona R, et al. Correlation of lung tumor
motion with extemal surrogate indicators of respiration, Inf J
Radiat Oncol Biol Phys 2004;60:1298-1306.

Vedam S§, Keall PJ, Kini V, et al. Determining parameters for
respiratory gated radiotherapy. Med Phys 2001;28:2139-2146.
Ozhasoglu C, Murphy MJ. Issues in respiratory motion com-
pensation during external-beam radiotherapy. Int J Radiat
Oncol Biol Phys 2002;52:1389-1399.

Ionascu D, Jiang SB, Nishioka 8, et al. Internal-extemnal corre-
lation investigations of respiratory induced motion of lung
tumors. Med Phys 2007,34:3893-3903.

Mageras GS, Yorke ED, Rosenzweig A, et al. Fluoroscopic
evaluation of diaphragmatic motion reduction with a respiratory
gated radiotherapy system. J Appl Clin Med Phys 2001;2:
191-200.

Nakamura M, Narita Y, Matsuo Y, et al. Correlative analysis of
abdominal motion with lung tumor motion for non-invasive

~ 932 ~

20.
2L

22,

23,

24.

25.

26.

563

respiratory gated radiotherapy. J Jpn Soc Ther Radiol Oncol
2008;20:119-125,

Kini VR, Vedam S8, Keall PJ, et gl. Patient training in respira-
tory-gated radiotherapy. Med Dosim 2003;28:7-11.

Kubo HD, Wang L. Introduction of audio gating to further re-
duce organ motion in breathing synchronized radiotherapy.
Med Phys 2002;29:345-350.

Juhler NT, Korreman SS, Pedersen AN, et al. Intra- and inter-
fraction breathing variations during curative radiotherapy for
Iung cancer. Radiother Oncol 2007;84:40-48,

Neicu T, Berbeco R, Wolfgang J, ef al. Synchronized moving
aperture radiation therapy (SMART); Improvement of breath-
ing pattern reproducibility using respiratory coaching. Phys
Med Biol 2006;51:617-636.

Haasbeek CJA, Spoelstra FOB, Lagerwaard FJ, ef al. Impact of
audio-coaching on the position of lung tumors. Int J Radiat
Oncol Biol Phys 2008;71:1118-1123.

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

George R, Chung TD, Vedam SS, et al. Audio-visual biofeed-
back for respiratory-gated radiotherapy: Impact of audio coach-
ing and audio-visual biofeedback on respiratory-gated
radiotherapy. Int J Radiat Oncol Biol Phys 2006,65:924-933,



Int. J. Radiation Oncology Biol. Phys., Vol. 75, No. 2, pp. 369-377, 2009
Copyright © 2009 Elsevier Inc.

Printed in the USA., All rights reserved

0360-3016/09/8~see front matter

doi:10.1016/j.ijrobp.2009.02.081

STH JUCTS AND THE 5TH S. TAKAHASHI MEMORIAL INTERNATIONAL JOINT SYMPOSIUM

INTRA-ARTERIAL INFUSION CHEMOTHERAPY USING CISPLATIN WITH
RADIOTHERAPY FOR STAGE III SQUAMOUS CELL CARCINOMA OF THE CERVIX
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Purpose: To examine the effectiveness of concomitant intra-arterial infusion chemotherapy (IAIC) using cisplatin
(CDDP) with radiotherapy for Stage IIl squamous cell carcinoma of the cervix.

Materials and Methods: We analyzed 29 cases of Stage ITI 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-MV 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
B-year overall survival rate for Stage III patients was 62%, the cause-specific survival rate was 7 0%, and the local
relapse-free survival rate was 899%. 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 pausea 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 JAIC and systemic chemotherapy should be considered to improve the prognosis of
pafients 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 intreat-
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

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 freat-
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- America, whereas they receive surgery in Japan. The above-
quired. Since 1999 many investigators have started paying at- mentioned studies (1-16) exhibit evidence of the effectiveness
tention to platinum-based concurrent chemoradiotherapy of CCRT in patients with early-stage (IB-IIB) cervical cancer,
(CCRT) (1-11), since the National Cancer Institute announced whereas no obvious evidence of survival benefit has been
its recommendation of CCRT for cervical cancer, based on the 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 TAIC 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 IIT) 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 JAIC 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 Il Two patents had Stage
IHA 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 (tange, 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 extemal 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
Iocally advanced cervical cancer.

Volume 75, Number 2, 2009

Table 1. Patient characteristics

Patients 29
Age (y), mean (range) 56 (26-72)
Stage III 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 (8): 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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used. Total treatment time was 6 to 7 weeks, We performed EBRT in
the morning and brachytherapy in the afternoon on the day of bra-
chytherapy.

Intra-arterial infusion chemotherapy

Concurrent intra-arterial infusion chemotherapy was performed
using CDDP or carboplatin (CBDCA). In the case of poor renal
function due to aging, hydronephrosis, or for any other reason, we
used CBDCA instead of CDDP. We performed catheterization ac-
cording to Seldinger’s technique. As a general rule, at first infusion
the drug was administered through the bilateral uterine arteries to be
distributed to the primary tumor. For the second infusion, the bilat-
eral internal iliac artery was used, to perfuse pelvic lymph nodes
(Fig. 1). The dose of CDDP was 100-120 mg/body (mg/patient),
and in the case of CBDCA the dose was 300 mg/body (mg/patient).
At first, the proportion of CDDP dose to the bilateral arteries was de-
termined according to the proportion of tumor stain on the angio-
graphic findings. Since 2001 we have used angio-CT
(interventional procedures with CT) and obtained CTPA (CT during
pelvic arteriography) to confirm the distribution of the enhanced
area for the tumor. We determined the proportion of CDDP dose
to the bilateral arteries on the basis of the findings of the pelvic ex-
amination, CT/MRI, and CTPA; homogeneous distribution for the
tumor was obiained (Fig. 2). The theoretical bases and technical de-
tails of our JAIC have been described previously (36).

Regarding the timing of JAIC and RT, the RT theoretically should
be done immediately after administration of CDDP (CBDCA) if the
effect of CDDP (CBDCA) for radiation sensitization is expected.
However, because clinically the patient has to maintain bed rest after
IAIC overnight for hemostasis, it is impossible to administer RT im-
mediately after IAIC, Until April 2000 we stopped RT for 1 day atthe
time of IAIC. In our institution, brachytherapy or JAIC was only per-
formed in the afternoon. Therefore, CDDP (CDBCA) administration
and brachytherapy were not performed on the same day. However,
after May 2000, to avoid prolongation of treatment time, EBRT
was performed in the morning and IAIC in the afternoon.

The number of patients treated with CDDP was 22 and with
CBDCA was7. The length of injection time was 5~10 min. To perform
1AIC concomitantly during 6 to 7 weeks of RT, we performed the first
TAIC at the start of RT, and 3 or 4 weeks later a second IAIC was per-
formed. Two or three cycles of IAIC were performed every 3 to 4
weeks. Most patients (27 [93%]) received two cycles of IAIC; 1 patient
refused the second JAIC; and another patient had a very large tumor
{diameter approximately 8 cm), and response was insufficient (partial
response) after two cycles of AIC, soa third cycle of JAIC was carried
out. Weuse 31 cycles of injections for internal iliac arteries, 20 foruter-
ine arteries, 6 for the two together, and 1 for ovarian artery.

Follow-up

After completion of RT, patients were followed monthly for the
first year, every 2 months during the second year, every 3 or4 months
in the third to fifth year, and twice yearly thereafter. At the time of
each consultation the patient was evaluated by pelvic examination.
To evaluate disease status and recurrence, patients underwent a CT
scan of the chest, abdomen, and pelvis every 6 months. Suspected
persistent or recurrent disease was confirmed by biopsy wherever
possible. Treatment failures were classified as pelvic recurrences
or distant metastasis. Late radiation complications were graded
according to the National Cancer Institute Common Terminology
Criteria for Adverse Events (CTCAE) version 3.0 (40). The median
duration of follow-up was 60 months (range, 11-156 months). Infor-
mation concemning disease status, late complications, and cause of
death was available for 97% (follow-up rate) of the patients either
from institutional records, through telephone contact direetly with
the patient or her relatives, or through communication with the refer-
sing physicians. One patient could not be observed 1 year after treat-
ment. The patient developed vaginal recurrence 5 months after
treatment and received brachytherapy using a vaginal cylinder.

Statistical analysis
Survival was measured from the date of initiation of therapy to the
date of death or the most recent follow-up using the Kaplan-Meier

A

B

Fig. 1. Intra-arterial infusion chemotherapy (TAIC), (A) A super-selective left uterine arteriography before the first IAIC.
At first infusion, cisplatin was administered through bilateral uterine arteries to be distributed to the primary tumor. (B) A
selective left internal iliac arteriography before the second IAIC. At second infusion, bilateral internal iliac artery was used

to perfuse pelvic lymph nodes and the primary tumor.
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Fig. 2. Computed tomography during pelvic arteriography. Bilateral uterine arteriography before the first infusion. (A)
Infusion from right uterine artery. (B) Infusion from left uterine artery. In the case in which the tumor is enhanced by
the area, the proportion of cisplatin dose would be 4 to 1 for right to left. The dose of cisplatin was determined according
to findings of pelvic examination CT/MRI, and CTPA. The enhanced area on the right is larger than on the left,

method, with significance compared by the Wilcoxon test. Overall
survival was used to assess the death rate due to cervical cancer.
The time to disease recurrence in the pelvis was measured from
the date of initiation of therapy to the date of first disease recurrence
or progression in the primary cervical tumor or vagina. Because of
the long follow-up period, some deaths were not related to cervical
carcinoma, Therefore, we also estimated cause-specific survival on
the basis of available information on the cause of death. For calcu-
lation of cause-specific survival, deaths owing to cervical cancer,
deaths resulting directly from treatment-related complications, and
death occurring from unknown causes less than 5 years after treat-
ment were scored as events.

RESULTS

Technical successful rate

The technical successful rate of this study was 100%. All
of the catheterizations to the objective blood vessels were
successful. However, at the time of the second IAIC, arteries
had sometimes narrowed because of RT and IAIC. As a result
it was occasionally impossible to catheterize to the objective
blood vessel. We did not consider this to be a technical fail-
ure. There were no technical complications of the IAIC (e.g.,
hematoma, catheter-related thrombosis) during catheteriza-
tion in this study.

Local-regional control rate
Figure 3 shows the local-regional control rate after the
start of treatment. The 5-year local control rate was 89%.

Overall survival, cause-specific survival, and risk factors
Five-year rates of overall survival and cause-specific sur-
vival were 62% and 70%, respectively (Fig. 4). The 5-year
survival rate for the small-medium tumor group (n = 17,
small 1, medium 16) and the large tumor group (n = 12)
was 74% and 46%, respectively (p = 0.083), which tended
to be better in the small-medium tumor group (Fig. 5). The
5-year survival rate was 65% in the negative lymph node me-
tastasis group and 51% in the positive lymph node metastasis
group, which tended to be better in the negative lymph node
metastasis group, but the difference was not significant

(p = 0.4856). There were no apparent differences for the
results regarding number of TAIC cycles.

Cause of death and patterns of recurrence

Status at the time of last follow-up for all patients is as fol-
lows. Of the 12 patients who died before July 2008, 8 died of
cervical cancer, 1 of radiation complications, 1 of second pri-
mary cancer (lung cancer), 1 of intercurrent disease (medias-
tinal inflammation), and 1 of an unknown cause. Sixteen
patients are alive, and 1 patient has been lost to follow-up.

Patterns of recurrence are listed in Table 3. The methods of
diagnosing recurrence were pelvic examination, biopsy, and
imaging. Two local recurrences, including one local uncon-
trolled case, were diagnosed by biopsy of the cervix and va-
gina. The other patient, who had both local and distant
metastasis, was diagnosed by CT imaging for local recur-
rence; however, metastasis of the pancreatic head was
diagnosed by biopsy using endoscopic retrograde cholangio-
pancreatography. Diagnosis of the distant metastasis was ob-
tained by CT.

Rates of initial local recurrence, distant metastasis, and
both were 7% (2 of 29), 38% (11 of 29), and 3% (1 of 29),
respectively, One patient did not show local control. The
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Fig. 3. Overall survival (solid line) and cause-specific survival
(dashed line).
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patient had a medium-sized tumor and died of progressive lo-
cal disease (cervix) without distant metastasis. Of the 28 pa-
tients who showed local control, only 2 developed local
recurrences: 1 patient had vaginal recurrence, and the other
had both local and distant metastasis. Sites (patient number)
of distant metastases were PAN (8 patients), multiple lymph
nodes (PAN, media stinal and virchow’s lymph nodes) and
lung (1), multiple liver, lung, and PAN (1), and lung and
bone (1). Sites of both local recurrence and distant metastasis
were peritoneal carcinoma, including the cervix and pancreatic
head. The most frequent site of distant metastasis was PAN
(28% [8 of 29]). In these 8 patients, all, apart from 1 patient
who refused RT at 32 Gy, received radical RT (50-60 Gy)
with or without chemotherapy. Of these 7 patients, 1 had a sec-
ond relapse in the radiation field, and the remaining 6 patients
were controlled. However, of these 6 patients, 3 had another
lymph nodes metastasis.

Treatment sequelae

Acute toxicities according to CTCAE version 3.0 are listed
in Table 4. These were transient and rendered nonlethal.
Rates of Grade 3 hematologic effects were 7% for anemia,
24% for leukocytopenia, and 0 for thrombocytopenia, but
no interruption of RT was needed. Rates of severe nonhema-
tologic effects (Grade =3) were 39 for nausea and ileus.
Only 1 patient who developed ileus during RT had RT inter-
rupted for 1 week.

Another complication that was observed with this com-
bined-modality treatment was CDDP sensorimotor neuropa-
thy of the bilateral lower limbs. The neuropathy was mild
sensory and motor deficit, and it slowly self-resolved within
several years. No clinically significant renal toxicity was
noted.

Late complications are listed in Table 5. Of 29 patients,
5 (17%) developed Grade 3 complications. Grade 3 enteritis
was observed in 3 patients: 2 patients had paralytic ileus, and
1 patient had perforation of the small intestine and partial re-
section of the small intestine. One patient had a Grade 3 late
complication of bladder tamponade. A Grade 3 small bowel
complication was observed in 1 patient, who suffered from
radiation enteritis with perforation of the ileum 3 months after
RT and received surgical correction. Grade 5 proctitis was
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Fig. 5. Overall survival by tumor size. Solid line represents overall
survival rates of 17 patients with small- and medium-sized tumor;
dashed line represents that of 12 patients with large tamors.

observed in 1 patient (3%). The patient was 68 years old
and had chronic hepatitis. She had refractory rectal bleeding
and fell into a shock state and died 4 years and 3 months after
RT. Thete was no evidence of recurrence at that time.

DISCUSSION

Because the treatment policy of RT for cervical cancer is
different between the West and Japan, we compared treat-
ment results within Japan. In Japan, treatment results of
high-dose-rate brachytherapy (mainly RT alone) for Stage
T disease were as follows. Five-year overall survival for pa-
tients with Stage III disease was reported by many investiga-
tors as 47-56%, with mean of 51.2% (41-46). On the other
hand, 5-year overall survival rates for low-dose-rate brachy-
therapy were 45-60%, with mean of 48.6% (41, 42, 45-47).
In this study the overall survival rate was 62%. Compared
with the above-mentioned results, our results are reasonably
good.

Since 1999 many investigators have started paying atten-
tion to CCRT (1-11), since the National Cancer Institute an-
nounced its recommendation of CCRT for cervical cancer,
based on the treatment results of five randomized trials
(12-16). However, there are some differences between the
West and Japan in treatment policy: in the West, patient
age for CCRT is approximately in the 40s (median), younger
than Japanese patients, who are approximately in their 60s.
Additionally, patients with early-stage (IB-1IB) cancer re-
ceive CCRT in Europe and America, whereas in Japan they
receive surgery. The treatment schedule for radical RTin Bu-
rope and America is different from that in Japan in terms of
overall treatment time, central shield, and dose rate of brachy-
therapy. Therefore, the regimen of CCRT in Europe and
America does not apply te Japanese patients.

In Japan, a comparison of treatment results between RT
alone and CCRT has been reported from refrospective re-
search by the Japan Radiation Oncology Study Group (48).
There are no significant differences in overall survival be-
tween the two groups by stage (Tb-II and 1I-1V), though
thete is a bias that age is low, performance score is excellent,
tumor diameter is large, and many pelvic lymph node
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Table 3. Initial recurrence*
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Table 5. Late complications*

Local Distant Local and distant

20 11 (38) 13
Cervix: 1 PAN: 8 Cervix +P: 1
Vagina: 1 LN +1lung: 1

LN + lung + liver: 1
Lung + bone: 1

Abbreviations: PAN = para-aortic lymph nodes; P = peritoneal
cancer; LN = lymph nodes.

Values are number (percentage).

* Including 1 local uncontrolled case.

metastases exist in the CCRT group. Thus, in Japan it is still
uncertain whether CCRT can improve the survival rate in the
present report.

Table 6 shows treatment results of IAIC in other studies
and from the present study (21, 24, 25, 27, 29, 31-33,
35-37). Intra-arterial infusion chemotherapy is considered
useful for improvement of local control because it makes pos-
sible high concentrations of drug distribution for the local re-
gion and greater antitumor effects and fewer systemic
adverse effects than with systemic chemotherapy in CCRT.
Many investigations have shown good response rates after
neoadjuvant chemotherapy or concomitant use with RT,
ranging from 41% to 100% (17-38). However, some investi-
gators point out that there is no definite survival benefit from
using JAIC with RT for advanced cervical cancer compared
with RT alone (24, 29, 35). On the other hand, the technique
of JAIC requires a lot of skill. The technical successful rates
were 100% in this study. We believe the reasons for this are
the good catheterization technique of the interventional radi-
ologists and the management of trouble in our institution.
Systemic chemotherapy provides lower concentrations of
drug distribution for the local region than IAIC, but its
method and management are easy and universal. No pub-
lished study has compared treatment results of intravenous
chemotherapy vs. intra-arterial chemotherapy. Therefore, it

Table 4. Acute toxicities*

Grade
Toxicity 0 1 2 3 4
Hematologic
Anemia 6 (21) 9(31) 12¢41) 2(H O
Leukocytes 3(10) 10(35) 931 724 0
Thrombocytopenia 26 (90) 2 1(3) 0 0
Gastrointestinal
Nausea 15 (52) 8 (28) San 13 0
Diarrhea 18 (62) 8 (28) 3(10) 0 0
Tleus 28 (97) 0 0 13 0
Cystitis 25 (86) 3(10) 1(3) 0 0
Fever 19 (65) 6 (21) 4(14) 0 0
Neurologic 28097 .1(3) 0 0 0

Values are number (percentage).
* According to the National Cancer Institute Common Terminol-
ogy Criteria for Adverse Events version 3.0.

Grade
Toxicity 0 1 2 3 4 5
Bladder 2587 13 2 13 0 0
Rectum 2380) 2 300 0 0 13
Small bowel 24(83) 2(7) 0 3(10) o 0
Leg edema 26 (90) 0 3(10) 0 0 0
Bone 28007 103 0 0 0

* According to the National Cancer Institute Common Terminol-
ogy Criteria for Adverse Events version 3.0.

is uncertain whether either intravenous chemotherapy or
intra-arterial chemotherapy is an effective treatment,

Effective drug distribution for the tumor is important. It
has been doubtful whether appropriate drug distribution is
obtained for the tumor. Some investigators have evaluated
the blood flow distribution using **™Tc-MAA from the iliac
artery to the pelvis, the tumor, and superior and inferior glu-
teal parts (20, 25, 26, 38). We used angio-CT to determine
whether the tumor was enhanced evenly, We confirmed
that the drug was adequately distributed in the tumor, We de-
termined the proportion of CDDP dose to bilateral arteries,
and homogeneous distribution for the tumor was obtained.

A high local control rate has been reported by some inves-
tigators (17, 19, 20, 32, 35). Also in our study, local recur-
rence was observed in only 3 patients, including I
uncontrolled case (10%). The S-year local control rate was
89%, and their overall survival rate was 62%. In our study tu-
mor size was a prognostic factor, but the difference was not
significant. Five-year survival rates for small-medium tamors
(n = 17; small 1, medium 16) and large tumors (n = 12)
were 74% and 46%, respectively (p =0.083). Some investiga-
tors (32, 35, 37) have stated that risk factors are tumor size,
lymph node metastasis, and pathologic findings. In our study,
the 5-year survival rate was 65% in the negative lymph node
metastasis group and 51% in the positive lymph node metas-
tasis group, which tended to be better in the negative lymph
node metastasis group; however, the differences were not
significant.

The most frequent initial site of distant metastasis was the
PAN (n = 11). These sites occupied 72% of recurrences (11
of 14). It seems that hematologic recurrence would be re-
duced rather than lymphatic recurrence by this combined-
modality treatment. It might be possible that a small amount
of CDDP used in IAIC would circulate the whole body after
injection of uterine artery and prevent some hematologic
micrometastasis.

Regarding acute toxicities, severe myelosuppression (Grade
3) was seen in 24% of patients but was transient and no inter-
ruption was needed. On the other hand, regarding late compli-
cations, Grade 5 proctitis was observed in 1 patient (3%). The
patient had chronic hepatitis. Several investigators (35, 48)
have reported that concomitant use of chemotherapy with
RT compared with RT alone causes an increase in acute and
late complications. In our case the patient had chronic hepatitis,
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