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Fig. 1. Kaplan-Meier curve of overall survival rates for the patients
with a tumor size (diameter) of 5 to 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 Ilung 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 S-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 5-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 tamor 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 (n = 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
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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 a BED =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
Iung 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 in diagnos-
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-
vated 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 tumor =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: We evaluated the relationship between the mean lung dose (MLD) and the incidence of radia-
tion pneumonitis (RP) after stereotactic body radiation therapy (SBRT), and compared this with conven-
tional fractionated radiation therapy (CFRT).

Materials and methods: For both SBRT (n = 128) and CFRT (n = 142) patients, RP grade >2 was scored. Tox-
icity models predicting the probability of RP as a function of the MLD were fitted using maximum log
likelihood analysis. The MLD was NTD (Normalized Total Dose) corrected using an o/ ratio of 3 Gy.
Results: SBRT patients were treated with 6-12 Gy per fraction with a median MLD of 6.4 Gy (range: 1.5~
26.5 Gy). CFRT patients were treated with 2 Gy or 2.25 Gy per fraction, the median MLD was 13.2 Gy
(range: 3.0-23.0 Gy). The crude incidence rates of RP were 10.9% and 17.6% for the SBRT and CFRT
patients, respectively. A significant dose-response relationship for RP was found after SBRT, which was
not significantly different from the dose-response relationship for CFRT (p = 0.18).

Conclusion: We derived a significant dose-response relationship between the risk of RP and the MLD for
SBRT from the clinical data. This relation was not significantly different from the dose-response relation
for CFRT, although statistical analysis was hampered by the low number of patients in the high dose
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range.
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Stereotactic body radiation therapy (SBRT) for pulmonary le-
sions is becoming more widely used following the first clinical
experiences described by Blomgren et al. in 1995 [1]. Collaboration
of Japanese radiation departments resulted in the publication of
encouraging outcomes among stage | lung cancer patients after
SBRT [2,3]. In addition, SBRT proved to be an effective treatment
for metastases in lung and liver with high tumour control rates
being achieved [4,5]. With respect to healthy tissue injury, Timm-
erman et al. [6] observed a significantly higher toxicity for centrally
located tumours compared to peripherally located tumours using
similar irradiation schedules. In an analysis of Lagerwaard et al.
[7], lowering the fraction dose for centrally located tumours
resulted in similar toxicity for central and peripheral tumours. A
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recent review of Brock et al. [8] evaluating SBRT studies showed
limited toxicity, whereas a large heterogeneity of treatment tech-
niques, dose parameters and clinical endpoints is observed be-
tween these studies. To extend the applicability of SBRT,
knowledge of the dose-toxicity relationship is necessary. However,
dose-response evaluations are hampered by the restricted dose
range and (consequently) the low number of toxicity events fol-
lowing SBRT. Moreover, the influence of larger fraction dose, short-
er overall treatment time and differences in dose distribution on
the existing radiobiological models is rather unknown. In addition,
patients receiving pulmonary SBRT are a select group of patients
with a high comorbidity.

Radiation pneumonitis (RP) is a serious complication which was
fatal after SBRT in three of the 25 patients in a recent study of
Yamashita et al. {9] after 48 Gy in four fractions. The incidence of
RP requiring clinical intervention ranges from 0% to 29% after SBRT
[9-14]. Unfortunately, no predictive model to assess the probabil-
ity of RP is available for SBRT.

The goal of our study was to evaluate the relation between the
radiation dose and the occurrence of RP after SBRT. In addition,
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since the relation between lung dose and radiation pneumonitis
(RP) is extensively evaluated for CFRT (e.g. {15]), we compared
the dose relationship of SBRT and CFRT patients.

Materials & methods
Patients

SBRT patients were irradiated with hypofractionated schedules
at the Department of Radiation Medicine of the Hokkaido Univer-
sity School of Medicine, Sapporo, Japan. Clinical data and treatment
plans were retrievable for 128 patients treated between April 1998
and December 2005. Follow-up was performed at the outpatient
clinic of the Department of Radiation Medicine. Irradiation regi-
mens were 35 Gy in four fractions, 40 Gy in four fractions, 48 Gy
in eight fractions, 60 Gy in eight fractions and 48 Gy in four frac-
tions. A subgroup of these patients with a schedule of 40 and
48 Gy in four fractions (n=41) was previously described in a tu-
mour dose-response study [16]. The approach to define appropri-
ate doses and margins for the SBRT patients can be described as a
continuous reassessment approach which was dependent on tu-
mour control and toxicity. This has been accurately described pre-
viously [16]. Patients with a schedule of 35 Gy in four fractions, 48
and 60 Gy in eight fractions (irradiated before 2000) and patients
treated for multiple targets were treated in a similar manner.

Ninety-five SBRT patients were irradiated on one single target.
The treatment schedule, diagnosis of RP and the MLD of these pa-
tients are listed out in Table 1. Thirty-three patients received irra-
diations on multiple targets. For 20 patients, the initial radiation
treatment consisted of multiple targets that were successively
treated (Table 2). For 13 patients, a new treatment plan was made
sometime after the initial treatment because of additional pulmon-
ary lesions (Table 3). No time-related recovery of lung tissue was
taken into account for these 13 patients. These 33 patients received
an individually adapted (i.e. restricted) dose schedule. For all plans
(and summed plans in case of re-irradiations), a maximum dose of
46 and 60 Gy (recalculated into 2 Gy per fraction with an o/f ratic
of 2 Gy) for the spinal cord and oesophagus, respectively, was al-
lowed. A total dose of 60 Gy/8fr or equivalent dose calculated using
LQ model with an «/p ratio = 2 Gy was allowed as maximum dose
in the lung.

Patients with a conventional dose per fraction (CFRT) schedule
were treated at the Department of Radiation Oncology of the Neth-
erlands Cancer Institute ~ Antoni van Leeuwenhoek Hospital
(NKI-AVL), Amsterdam, The Netherlands. We updated our previous
analysis (with 106 patients) by Seppenwoolde [17] to a total of 142
patients. Our update included 86 patients of the dose escalation
(DE) study of Belderbos et al. [17]) (with 88 patients). For two pa-
tients included in this study, dose data were lost. Of the 58 non-DE
patients included in the Seppenwoolde study, we excluded two pa-
tients, whose treatment was interrupted and not finished. There-
fore, we were able to include 86 patients of the DE study
(who were irradiated to a dose of 60.8 and 94.5 Gy with 2.25 Gy
per fraction), and 56 patients who were irradiated with a dose of
70 Gy in 2 Gy per fraction.

Table 1

For both SBRT and CFRT patients, three dimensional (3-D) treat-
ment plans were made. To correct for the effect of dose per frac-
tion, the local dose was converted to the 2 Gy equivalent
Normalized Total Dose (NTD) [18] using the linear quadratic (LQ)
model [19] with an a/f ratio of 3 Gy. The o/B ratio of 3 Gy was used
because in coventional schemes this commonly used [20] and de-
tailed analysis revealed that for SBRT this was the best value to cor-
rect for the dose per fraction evaluating RP (data not shown). For
the 33 SBRT patients irradiated on multiple lesions, individual
plans were summed after NTD corrections and image registration
had been performed. From the 3-D dose data, the MLD was calcu-
lated as the average corrected dose over the total lung volume
(based on CT) excluding the gross tumour volume.

For the SBRT plans, a convolution superposition algorithm for
tissue density heterogeneity was used. For the CFRT patients, the
inhomogeneity correction was performed using the equivalent-
path length (EPL) inhomogeneity correction. The MLDgp. was con-
verted to the MLD according to convolution superposition algo-
rithm using the conversion factor determined by De Jaeger et al.
(MLD = 0.64(MLDgp. )"0} [21].

The dose-response relationship in the lungs between RP and
MLD was modelled by a sigmoid-shaped relation according to Ly-
man {22] using the TDsq representing the dose for a 50% complica-
tion probability. The slope of the dose-response relationship is
proportional to the reciprocal value of m-TDse. Using this model
and parameter values, the normal tissue complication probability
(NTCP) (i.e. RP) can be calculated from the MLD [23].

MLD - TDsp
m - TDsg

Radiation pneumonitis (RP) was prospectively scored for both
SBRT and CFRT patients and was classified according to the NCI-
CTC (CTC 2.0) or SWOG criteria. Grade 2 RP was scored for both
SBRT and CFRT after steroids had been prescribed for RP symp-
toms. Grade 3 RP was scored after oxygen was required, and grade
4 was scored for assisted ventilation. Grade 5 was scored after
death due to RP.

None of the included SBRT patients who were scored with RP
grade 2 used steroids for other pulmonary morbidities than for
RP before or after the irradiation. For the CFRT patients, informa-
tion on pre-treatment use of steroids was not available. For all pa-
tients, the diagnosis and grade of RP were determined by the
radiation oncologist and by a pulmonologist experienced in the
diagnosis of RP.

1 e,
NTCP = —— f eFdx with ¢ =
V2T Jo

Statistics

By maximizing the logarithm of the likelihood function of a
dataset containing N patients

In(l) = In (INI] L.-> -3 Iny
= i=1

= i[epi In(P;) + (1 - epy) In(1 - Py},
i=1

L

The total dose, fraction dose, median tumour volume, median MLD, and the incidence of RP for each treatment schedule of the SBRT patients.

Number of patients  Total dose {Gy) Fraction dose (Gy) Median tumour volume {cm?) Median MLD (Gy) Number of RP
3 35 ‘ 8.75 328 ; .51 1 '

29 40 ' 10 159 54 2

15 ; - 48 6 1200 , 55 0

39 . 48 - 12 7.7 ' ‘ 7.0 4
9 60 75 26 35 0

20 >2 successively treated lesions 19.5 10.1 5

13 =2 treated lesions (minimum time interval of 2.8 months) 30.6 7.5 2
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Table 2

Treatment schedule, number of irradiated targets, diagnosis of RP, and the MLD of SBRT patients with multiple targets incorporated in one single treatment plan.

Pt Number of targets D1(Gy) fr1 D 2 (Gy) fr2 D3 (Gy) fr3 RP MLD (Gy)
1 2 48 8 48 12 5.5
2 2 40 -4 35 4 + 8.0
3 2 48 8 48 8 : 16.1
4 2 48 4 48 4 * 15.8
5 2 48 4 - 48 8 + 19.2
6 2 40 4 40 4 17.0
7 2 48 4 48 4 11.0
8 2 40 4 40 4 11.0
9 2 40 4 40 4 8.9

10 2 35 4 35 4 3.7

11 2 35 4 45 15 64

12 2 60 8 60 8 45

13 2 40 4 50 16 69

14 2 48 4 40 8 111

15 2 48 .8 48 8 107

16 2 48 4 60 8 * 10.3

17 2 48 4 48 4 6.9

18 2 48 8 48 8 ... + 16.2

19 3 40 4 a0 4 48 8 53

20 3 40 8 35 4 35 4 71

Table 3

Treatment schedule, time between subsequent treatments, diagnosis of RP and the MLD of SBRT patients with multiple targets incorporated in different treatment plans.

Pt Numberoftreatments D1(Gy) fr1 D2(Gy) fr2 Time2(mths) D3(Gy) fr3 Time3(mths) D4(Gy) fr4 Time 4 (mths) RP. - MLD (Gy)
1.2 . 48 8 30 8 133 ' ~ ~ ‘ - - 78
2 2 35 4 40 4 9.8 8.9
3 2 40 4 30 8 8.3 + 7.5
4 2 40 4 35 4 44 ; 92
5 2 60 8 40 4 2.8 . ‘ ‘ . 86
6 3 48 8 35 8 63 48 8 67 + 181
7 3 48 4 30 10 14 48 8 132 206
8 3 60 8 60 8 06 60 8 9.1 - 9.7
9 3 48 8 25 5 01 25 5 169 ; . 8.4

10 4 60 8 40 4 07 48 8 108 25 5 15.7 133

11 4 60 8 35 4 97 .35 4 9.7 35 4 9.7 106

12 4 40 4 40 4 01 40 4 0.6 40 4 33 26,5

13 4 60 8 48 8 00 48 8 215 35 4 28.8 13.5

where P; (i=1, ... ,N) represents the NTCP of a patient i, and ep; is
the binary outcome (0 = no RP, 1 = RP), the parameters TDsq and m
of the NTCP model were estimated. Ninety-five percent confidence
intervals around m and TDso were calculated using a profile likeli-
hood approach [22]. For each parameter, the confidence interval in-
cludes a certain value if twice the difference of the log likelihood
evaluated at the maximum likelihood estimate and at the value of
interest does not exceed the quantile of a chi-square (?) distribu-
tion with one degree of freedom [24]. To determine the confidence
interval of the NTCP curve, a similar approach was performed, how-
ever, this test was performed with two degrees of freedom.

To test the difference between the fitted NTCP model of SBRT
and CFRT, the data of both models were pooled. The NTCP model
based on the pooled data (i.e. one TDsg and one m) was compared
to the NTCP model, whereby the dataset-specific optimized param-
eters of SBRT and CFRT were included in a two degree of freedom
likelihood ratio test [22].

We also compared the empirical incidence of RP across datasets
for several non-overlapping dose intervals using Fisher’s exact test.

The Hosmer-Lemeshow goodness-of-fit test {25] was used to
estimate the goodness of the fit of the fitted NTCP model. Patients
were divided into 10 equal bins in increasing order of the esti-
mated NTCP. The x? test statistic was calculated by

10

X}2+L=Z

i=1

(0; — N; - NTCP;)?
N; - NTCP; - (1 — NTCP;)

where N; is the total number of patients in the ith group, O; is the
total number of events in the ith group, and NTCP; is the mean cal-
culated NTCP in the ith group. The test statistic is compared to a x?
distribution with eight degrees of freedom (by definition of the Hos-
mer-Lemeshow goodness-of-fit test). The null hypothesis is that
there is no difference between the observed and expected values
of RP. (i.e. large values of y? (and small p values) indicate a lack
of fit by the model).

A two-tailed p<0.05 was considered to be statistically
significant.

Results
Radiation pneumonitis

Median follow-up was 16.1 months for the SBRT patients and
was 13.0 months for the CFRT patients. All 39 events occurred
within 6.2 months following treatment for both SBRT and CFRT
within a similar time frame. Within this period, four SBRT patients
and 18 CFRT patients were censored (Fig. 1).

For SBRT, the crude incidence of RP grade 2 or higher was 10.9%
(14 events in the group of 128 patients). Only one SBRT patient was
diagnosed with grade 3 RP. Three SBRT patients included in the
analysis, received oxygen within the first year after irradiation,
and were not scored as having RP because of the uncertainty of
diagnosis (one patient had cardiac problems, one patient had a
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Fig. 1. The incidence of RP as a function of the follow-up {months). Vertical axis:
one minus the cumulative RP-free survival. Censored patients are indicated by
crosses, The follow-up is given in months on the horizontal axis.

medical history of receiving oxygen before treatment and one pa-
tient had fibrosis and tumour progression).

For CFRT, the crude incidence of RP was 17.6% (25 events in the
group of 142 patients). Four CFRT patients experienced a grade 3
RP, and one patient died due to pulmonary toxicity (grade 5 RP).

Tumour volume and mean lung dose

The median MLD for SBRT was 6.4 Gy (range: 1.5-26.5 Gy). The
median tumour volume of the SBRT patients was 9.6 cm?® (range:
0.2-106.9 cm?®). For CFRT patients, the median MLD was 13.2 Gy
(range: 3.0-23.0Gy) and the median tumour volume was
61.2 cm® (range: 3.8-789.9 cm®).

Normal tissue complication probability

SBRT

For SBRT, the observed incidence of RP as a function of the MLD
is plotted in Fig. 2a. The error bars represent the 68% confidence
interval (CI) of the observed incidence in 4 Gy dose bins. The ob-
served number of RP and the total number of patients within each
dose bin are indicated. The solid line represents the best fit of the
NTCP model based on the MLD. The best parameter values of the
NTCP model were TDso=19.6 Gy (95% CI: 16.0-30.0Gy) and
m=0.43 (95% CI: 0.33-0.59). The dashed lines represent the 68%
(I of the fitted curve.

CFRT

For CFRT, the observed incidence of RP as a function of the MLD
is plotted in Fig. 2b. The optimal fit of the NTCP model using MLD
resulted in a TDsg of 28.6 Gy (95% CI: 21.5-125.0 Gy) and in an in
value of 0.56 (95% CI: 0.39-0.99).

SBRT versus CFRT

Both the SBRT model and the CFRT model fitted the clinical data
well (x3, = 8.27, p=0.41 and y}, = 4.36, p = 0.82, respectively).

A comparison of the dose-specific observed RP incidence be-
tween SBRT and CFRT revealed that there was no significant differ-
ence for any of the six dose ranges covering 4 Gy each. However, RP
occurred more frequently in the two highest dose ranges for SBRT
compared to CFRT, but this difference was not significant (Table 4).
Importantly, lower numbers of patients were included in the high-
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Fig. 2. (a and b) The incidence of grade >2 RP of SBRT (2a)- and CFRT (2b)-
irradiated patients as a function of the MLD. The error bars represent the 68%
confidence intervals (Cls) of the observed incidence. The solid lines represent the
probability of RP according to the NTCP model with the optimized parameters m
and TDse. The dotted lines represent the 68% ClI of the fitted NTCP curve,

Table 4
Incidence of RP by MLD range and treatment type (SBRT and CFRT).

Dose bin {(Gy) = SBRT Number of RP CFRT Number of RP p-value Fisher’s
: eventsftotal number  events/total number  exact test
of patients of patients
0-4 023 (0%) oj3(0% 099
48 4/60 (7%) 3/22 (14%) ; 038
8-12 4/28 (14%) 3/32.(9%) 0.70
12-16 1/8(13%) 4/46.(9%) 099
16-20 4/7.(57%) 9/31 (29%) 020
20-28 1/2(50%8) 2/8 (25%) 0.46

er dose ranges for both SBRT and CFRT, limiting the power of sta-
tistical comparison of these particular high dose groups.

On evaluating the whole dose range, the NTCP curve of SBRT is
steeper for the high dose range suggesting an increased risk for RP
after SBRT compared to CFRT for patients with a higher MLD. How-
ever, there was no statistical evidence that the fitted NTCP model
(with the parameters m and TDsg) differed between SBRT and CFRT
(p =0.37, likelihood ratio test). Again, we would like to stress that
the statistical power was limited due to lower number of patients
in the high dose range.

The optimal fit of the SBRT and CFRT together resulted in a TDsg
of 24.4 Gy (95% Cl: 21.0-32.0 Gy) and in m of 0.49 (95% CI: 0.42-
0.61) (Fig. 3).
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Fig. 3. Fitted NTCP curves (solid lines) and their 68 % confidence intervals (Cl)
intervals (dashed lines) as a function of the MLD for SBRT (dark grey), CFRT (black)
and combined data (light grey) (coloured version available online),

Discussion

A significant relationship between the MLD and the incidence
of RP following SBRT was observed. Moreover, the NTCP model
fitted the SBRT data well. We observed no significant difference
between the NTCP models predicting RP in SBRT and CFRT pa-
tients. Furthermore, no significant difference between SBRT and
CFRT was observed in the incidence of RP in any dose range. Nev-
ertheless, an increased risk for SBRT in higher dose ranges was
suggested by both the NTCP model fit and the observed RP inci-
dences. However, because fewer patients were available in the
high dose range no firm conclusions can be made concerning
these differences.

At the Department of Radiation Medicine of the Hokkaido Uni-
versity School of Medicine, different SBRT dose schedules have
been used since 1998. The first applied schedule was 35 Gy in
four fractions which was escalated to 48 Gy in four fractions. Be-
tween these schedules, interim doses of 40 Gy in four fractions
and 48 and 60 Gy in eight fractions were given. In addition, tu-
mours located near to critical structures were more fractionated
than peripheral tumours, The absence of severe toxicity strength-
ened the approach of re-treating patients with tumour recurrence
or irradiating multiple lesions sequentially. Consequently, a dose~
response analysis could be performed with a dose range similar
to the dose range of the CFRT. The comparison of SBRT with CFRT
was performed with an update of previously evaluated NKI-AVL
CFRT patients. As expected, the m and TDs, for these CFRT pa-
tients were similar to a previous publication [18] and the meta-
analysis of Semenenko and Li [15].

Previous SBRT studies reported a 0% to 29% incidence of RP
grade 2 or higher [3,9-14,26]. Unfortunately, only a limited num-
ber of studies reported dose parameters to describe the lung dose.
Yamashita et al. [9] reported a high incidence of RP grade 2 or high-
er in seven of the 25 patients treated with 48 Gy in four fractions.
The mean MLD was only 4.3 Gy (ranging from 1.72 Gy to 5.85 Gy).
However, for the calculation of the lung dose, which was not NTD
corrected, not only the tumour volume was subtracted from the to-
tal lung volume, but also an extra margin surrounding the tumour
was subtracted, resulting in an underestimation of the lung dose.
Nagata et al. [13] reported a 4% incidence of RP grade 2 in patients
treated with 48 Gy in four fractions with a mean V20 (percentage
volume of the whole lung receiving more than 20 Gy) in this pa-
tient group of only 4.5%. In the study by Ng et al. [26], no RP grade
2 or higher was observed. However, this study included only 20 pa-
tients with 80% of the patients having a V20 < 20% (GTV ranged
from 4.27 to 74 cm®).

The clinical applicability of our results in relation to other SBRT
schedules may be questionable as many institutions in Europe and
the USA use fraction doses of 18 Gy or 20 Gy. In our study, 48 Gy in
four fractions was the most commonly used fractionation schedule
having eight different beam angles (i.e. 1.5 Gy per beam). For frac-
tion doses of 18 Gy, at least 12 different beam angles are used [6],
which also results in 1.5 Gy per beam. Therefore, the major part of
the lung tissue will receive equivalent doses per fraction. More-
over, in the 18 Gy or 20 Gy per fraction schedule, the percentage
of lung tissue receiving the highest proportion of the dose is small
because smaller dose planning margins of 5 to 10 mm around the
tumour are used [6] (most of our patients had 11 to 13 mm mar-
gins [16]). Therefore, large deviations in the lung tissue response
of these hypofractionated schedules are not expected.

Because the collaboration encompassed two different radio-
therapy departments, a lot of effort was invested in standardizing
methods for dose planning and dose calculation between the pa-
tient groups. A recent study by Gershkevish [27] showed that devi-
ations between different treatment planning systems decrease
with the use of more advanced calculation algorithms. For all pa-
tients included in this analysis, the superposition or collapsed cone
algorithm was used for treatment planning. The clinical variability
in the prescribing of steroids between the two institutes was lim-
ited as only patients who were diagnosed by both radiotherapists
and pulmonologists experienced with the diagnosis of radiation
pneumonitis were included. Patients were excluded if the diagno-
sis of RP was hampered or was accompanied by pulmonary comor-
bidity (e.g. infection, tumour progression, and previous use of
oxygen). Nevertheless, the uncertainties of including patients from
two different institutes should be taken into account, and a similar
one single-institute validation would be of interest.

We observed a similar time frame for RP occurrences in both
SBRT and CFRT; RP occurred several weeks to 6 months after irra-
diation as both Guckenberger et al. [10] and Yamshita et al. [9] re-
ported for SBRT, and as Graham et al. [28] reported for CFRT.
Further toxicity may be observed with a longer follow-up. In the
study by Timmerman et al. [6], four of the six treatment-related
deaths occurred after 12 months. Four of the patients suffered from
a bacterial pneumonia, and one patient experienced tumour recur-
rence adjacent to the carina. Evidently, both short- and long-term
toxicity may conceivably be obscured by pulmonary comorbidity
or tumour progression. Therefore, these patients, who are often
suffering from pulmonary comorbidities, should be intensively fol-
lowed up by both radiation oncologists and pulmonologists.

For lung cancer patients or patients with pulmonary metasta-
ses, the critical prognostic importance of controlling RP risks must
be balanced not only against the patient’s physical condition, but
also against tumour control. A strong consequential component
between acute and long-term pulmonary toxicity after lung irra-
diation is observed in animal studies {29,30]. Consequently, even
though grade 2 RP might not be life threatening, it may substan-
tially contribute to a cascade of pulmonary deterioration in pa-
tients with pulmonary comorbidity. Moreover, a long-term
dose-dependent progressive decline of pulmonary function is ob-
served in patients treated with CFRT [31] with MLD up to 21.9 Gy
{mean MLD 13.9 Gy). In a recently published SBRT phase II study
[32], no relationship was observed between toxicity and lung
dose. In this study, a mean MLD of 7 Gy for 60 patients was
found. Our retrospective study encompassed a larger dose range
for a larger number of patients, but no pulmonary function data
or follow-up CTs were evaluated. A prospective study with a large
dose range with long-term follow-up should reveal the predict-
ability of any radiation-induced toxicity after hypofractionated
schedules.

To date, there are no clinical data available which compare the
prognosis (survival) of lung cancer patients experiencing clinically
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relevant radiation-induced toxicity versus non-symptomatic pa-
tients. With regard to the optimal treatment, the clinical evalua-
tion of the risk of tumour recurrence and of the probability of
toxicity is a matter of concern in a patient group with a poor tu-
mour-related prognosis and a high incidence of comorbidity. Our
retrospective evaluation can serve as a guideline estimating the
probability of RP for the clinical decision making (i.e. staying on
the safe side for pulmonary compromised or palliative patients
and accepting a higher risk of toxicity for curable patients without
pulmonary comorbidities). Nevertheless, prospective studies are
needed to reveal the relation of short- and long-term toxicity and
tumour control.

Time-related recovery of lung tissue was not taken into account
in our patients who had received multiple treatment schemes. A
mouse study by Terry et al. [33] showed that irradiation-induced
lung injury tissue could (partly) recover, suggesting an early target
cell depletion and regeneration which was dependent on the size
of the initial injury (i.e. dose). For a single dose of 10 Gy, less recov-
ery was observed than for 6 Gy. Clinical studies evaluating toxicity
after re-irradiations for lung cancer patients are limited due to
poor prognosis. Okamoto et al. [34] studied 34 lung cancer patients
re-irradiated because of a local recurrence. The large number of pa-
tients (19 patients, i.e. 56%) experiencing grade 2 or higher RP sug-
gest limited (or no) time-related recovery. Moreover, from the
long-term survivors (20-58 months after re-irradiation) 71% of
the patients experienced a grade 2 RP. However, no lung dose char-
acteristics were reported, and RP risk estimating could therefore
not be performed.

To predict normal tissue complication probabilities (NTCPs)
after radiotherapy treatment, the delivered dose has to be recalcu-
lated into a biological-effective dose using a mathematical model
(linear quadratic model) [35,36] derived from in vitro and animal
studies [37]. The clinical applicability of this model is a historical
cornerstone in assessing tumour doses and dose tolerance of nor-
mal tissues in conventional fractionation schemes. In contrast, no
study validated the clinical applicability of the LQ model for hypo-
fractionation. For NSCLC cell lines and animal iso-effect data mod-
ifications of the LQ model were proposed showing an improved
description of the dose response relation using these models
[38,39]. Further evaluation concerning the LQ model and potential
modifications of the LQ model to calculate the biological-effective
dose in clinical setting for hypofractionated schedules is therefore
warranted.

Although there were numerous limitations in our study, we
were able to show a relationship between the lung dose and the
incidence of RP for SBRT that was not significantly different from
CFRT.
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Materials/Methods: Thirty-seven consecutive patients with breast cancer were treated on a helical tomotherapy unit. During sim-
ulation, kVCT images were obtained for treatment planning. These were fused with daily MVCT scans, and after setup based on
skin marks and laser alignment, the necessary shifts were carried out. The magnitude of daily shifts (mm) was retrospectively ob-
tained from the daily image fusions and the breast volume was obtained from the treatment plan. A total of 873 fusion scans were
reviewed. Random error for absolute and directional daily shifts was evaluated for correlation to breast volume. Variation of setup
over time was also evaluated.

Results: Mean random shift for all patients in the lateral, longitudinal, and vertical directions was 2.7 (SD 2.0), 3.1 (SD 1.5) & 3.2
(SD 2.6) mm, respectively. Mean absolute distance shifted was 6.0 (SD 3.5) mm. Based on Pearson’s product-moment coefficient,
there was no significant correlation between mean absolute or mean directional daily shift and breast volume (0.08, 0.08, 0.22, &
0.14 respectively). There was no correlation between set up variation and time course.

Conclusions: In this cohort, there is no correlation between breast volume and degree of daily shift. In our experience, larger
breasts still make for a more difficult set up; this is not explained by volume alone. It is possible that another parameter such as
breast density or overall shape correlate to set up variation; this is a course of our future investigations. There is no correlation
between time course and setup variation. Therefore, setup variation does not improve or degrade with repeated treatment setups.

Author Disclosure; S.T. Offerman, None; M. Lamba, None; R. Lavigne, None.

2911 An Online Correction Strategy for Interfraction Variations Utilizing Couch Translation and Ceuch,
Gantry, and Collimator Rotation
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Purpose/Objective(s): The online correction strategy for interfractional variations commonly used in IGRT uses couch translation
with three degrees of freedom (3DOF). This strategy fails to correct for organ rotation and deformation. The purpose of this study
was to evaluate a new strategy that utilizes the standard couch in conjunction with gantry and collimator rotation.

Materials/Methods: The correction scheme consists of standard 3-degree translation and 3-degree rotation achieved by isocentric
couch (yaw), gantry (roll) and collimator (pitch) rotation angles for each beam of the RT plan. This scheme was implemented in
a prototype software tool (AT2, Siemens) that is capable of registering a treatment CT set with the planning CT by optimizing the
corrective adjustments using either the standard couch translation only (3DOF), the standard couch translation plus a common iso-
centeric couch rotation for all beams (4DOF), or the standard couch translation plus a common isocenteric couch rotation and gan-
try and collimator rotation for each beam (TCGC). Sample daily CT data collected for prostate and head and neck cancer patients
treated with daily CT-guided IMRT on a combination of a standard linac and CT-on-rails (CT Vision, Siemens) were used to eval-
uate the new strategy. A treatment planning system (Panther, Prowess) was used to generate dose distributions of original IMRT
plan based on the planning CT, and the plans based on the CT of the day with the adjustments obtained from AT2 for the 3DOF,
4DOF, and TCGC schemes. Various dose-volume parameters for prostate, PTV, and normal structures were used to measure the
dosimetric advantages of the new strategies.

Results: For the prostate cases evaluated, the PTV D95 for the 4DOF and TCGC methods had negligible and 1-3% improvement,
respectively, over that for the 3DOF method. The rotational adjustments were below 4 degrees. For the head and neck case, the PTV
D98 increased by 2% by using 4DOF and TCGC schemes. The maximum doses to the cord and the parotid glands for the TCGC
scheme was reduced by 5% and 8%, respectively, compared to 3DOF scheme. Up to 5 degree collimator rotation was required for
the TCGC scheme.

Conclusions: The TCGC online correction scheme, combining the 3-degree couch translations and couch, gantry, and collimator
rotations, can improve the current method to account for interfractional variations. This correction strategy, not requiring a robotic
couch, can be implemented on conventional couches and linacs.

Author Disclosure: D.E. Prah, None; C. Peng, None; E.E. Ahunbay, None; S. Bose, Siemens, A. Employment; H. Shukla, Siemens,
A. Employment; X.A. Li, None. :

2912 Can the Real-time Tumor-tracking Radiotherapy Give the Planned Dose to the Tumor? DVH Analysis
Based on Measured Real-time Tracking Data

M. Ishikawa!, K. L. Sutherland’, G. Benguaz, R. Suzuki®, N. Miyamotol, N. Katoh!, S. Shimizu!, R. Onimaru’, H. Aoyama',
H. Shirato”

!Graduate School of Medicine, Hokkaido University, Sapporo, Japan, 2Department of Medical Physics, Hokkaido University
Hospital, Sapporo, Japan

Purpose/Objective(s): Benefit of gated stereotactic body radiotherapy (SBRT) for peripheral lung tumors were evaluated by dose
volume histogram (DVH)-based analysis using the actual internal trajectory of fiducial markers near the tumor as precisely detected
by real-time tumor tracking (RTRT) system.

Materials/Methods: The subjects for this study consisted of four patients with stage I non-small cell lung cancer that were grouped
according to those whose planning target volumes (PTV) were set to CTV+5mm and to CTV+7mm, respectively. Two irradiation
regimens were evaluated for each patient, namely, with RTRT (gated) and without RTRT (non-gated) irradiation. The PTV pre-
scribed dose was set to 40Gy (Dgsq, = 40Gy) in 4 fractions. All dose calculations were performed using the superposition algorithm
in the XiO (CMS) treatment planning system. The trajectory of the fiducial marker nearest to the tumor was assumed to be con-
sistent with the actual tumor trajectory. Shifted CTV ROIs were created from the original planned CTV by shifting the latter at Imm
resolution following the entire range of AP, LR, and SI tumor motion measured by the RTRT system. Position probabilities of the
shifted CTVs were determined from the RTRT data, and the DVHs for each shifted CTV were then calculated. The total DVH
accounting for CTV motion was the cumulative convolution of the shifted CTV position probability and its corresponding
DVH. Mutltiple full-dose DVHs for the same patient were generated by using the tracking data of each beam and applying
them to all the beams in a single fraction. V4os, and Vo, (normalized volume of the CTV with dose = 40Gy and 42Gy,
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respectively) were analyzed for gated and non-gated irradiation. Dggq, (absolute dose covering 99% of the CTV) for each patient
was also compared.

Results: Slight significant difference was found in the V4ogy of the CTV between the gated and non-gated irradiations, and the
average Vygy of the CTV non-gated cases was 92.18 + 5.49 %, while that of the gated irradiation was 96.47 + 3.16%. In terms
of Dggq, the average value for the gated case was 42.29 + 0.60Gy and 40.49 + 2.03Gy for the non-gated case. The DVHs for the
gated cases had higher coverage dose and smaller variation compared to the non-gated cases. This means that complication prob-
ability for risk organs can possibly be made smaller by reducing the internal margin.

Conclusions: We confirmed that the CTV was adequately covered by the prescribed dose with smaller dose fluctuation in RTRT-
gated irradiation. The results demonstrate that the dose delivery with the RTRT-gated irradiation was more precise and accurate
than SBRT without RTRT. This will be essential to the accurate dose delivery in IMRT even in the presence of organ motion.

Author Disclosure; M. Ishikawa, None; K.L. Sutherland, None; G. Bengua, None; R. Suzuki, None; N. Miyamoto, None; N.
Katoh, None; S. Shimizu, None; R. Onimaru, None; H. Aoyama, None; H. Shirato, None.

2913 Improved Immobilization Reduces Interfractional Setup Error for Head and Neck Patients

B. J. Karlovits, R. Fuhrer, O. Gayou
Allegheny General Hospital, Pittsburgh, PA

Purpose/Objective(s): Delivery of head and neck (HN) intensity modulated radiotherapy (IMRT) requires accurate and consistent
patient immobilization to maximize precision of delivery of tumor dose and avoidance of critical structure dose. This study tests
whether interfractional patient setup reproducibility could be improved by replacing the combination of standard thermoplastic
head-frame and plastic headrest with a mask that extends to include the shoulders and a custom-molded headrest (AccuForm). Spa-
tial differences in patient positioning with the head-neck-shoulder-frame with AccuForm (HNSF-A) technique were compared to
those with the standard head-frame (HF) technique.

Materials/Methods: Setups were evaluated from twenty-two patients treated between December 2006 and May 2008 and in-
cluded 6 HNSF-A and 16 HF with 10 oropharynx, 6 larynx, 4 unknown primary, 2 oral cavity cancers. Pretreatment mega-voltage
cone beam (MVCB) computed tomography (CT) images from the beginning, middle, and end of treatment course were aligned to
the C2 vertebral body on the planning CT images. The offset distance between the C7 vertebral body on the two image sets was then
measured in the right-left (RL), anterior-posterior (AP), and cranio-caudal (CC) directions. The process was then reversed, aligning
the image sets at C7 and measuring the offset distances at C2. An unpaired t-test was used to compare differences in mean offsets
between the HNSF-A and HF techniques.

Results: For all disease sites, the mean offset distance at C7 in the AP direction was 4.4 mm for HF vs. 2.3 mm for HNSF-A when
aligned at C2 and 4.2 mm at C2 for HF vs. 2.4 mm for HNSF-A with alignment at C7. These differences were both statistically
significant (p < 0.001, 95% CI of 1.0-3.0 mm). The greatest difference was observed for oropharynx and oral cavity setups. The
mean offset distance in the AP direction was 7.0 mm for HF vs. 2.3 mm for HNSF-A (at C7, aligned at C2) and 6.4 mm for HF vs.
2.4 mm for HNSF-A (at C2, aligned at C7). These differences between the setups for HF and HNSF-A were also statistically sig-
nificant (p < 0.001, 95%CI of 3.0 - 6.0 mm). In contrast, the setup distances measured in the RL and CC directions did not sig-
nificantly differ between the two immobilization devices.

Conclusions: This study shows that residual position errors inside the thermoplastic mask can have a significant effect on the setup
of HN patients, potentially adversely affecting the spinal cord dose. The average vertical offset of 7 mm shows that although the HF
setup adequately controls yaw effects, it does not accurately reproduce the pitch of the head. Therefore if PTV margins of 5 mm or
less are being used, the extended mask, and the custom molded headrest are required. We recommend that whenever volumetric
imaging is available a similar setup study be conducted to assess PTV margins.

Author Disclosure: B.J. Karlovits, None; R. Fuhrer, None; O. Gayou, None.

2914 Do Interventions for Prostate Cancer Intrafraction Motion Make a Difference?

P.J. Parikh!, I. R. Olsen', R. L. Smith’, C. Noel, D. Khan?, S. Tropper®, C. Mantz*

'Washington University School of Medicine, St. Louis, MO, *21st Century Oncology, Santa Monica, CA, *21st Century
Oncology, Scottsdale, AZ, *21st Century Oncology, Cape Coral, FL

Purpose/Objective(s): Real-time electromagnetic tracking allows continuous motion measurement of prostate during radiation ther-
apy, but it is unclear whether interventions would result in any measurable difference of prostate location during radiation therapy.

Materials/Methods: 63 patients with localized prostate cancer who opted for primary IMRT were enrolled on an IRB approved
prospective multi-institutional clinical study. Patients underwent intraprostatic implantation of transponders and were treated with
IMRT to the prostate and proximal SV using a posterior PTV margin of 3 mm and anterior/lateral/superior/inferior margins of at
least 3mm. Treatment goals were to ensure that the isocenter position was within 2mm of the planned isocenter position, and in-
terventions (after initial localization) during therapy such as couch-realignments and beam pauses were aimed at ensuring this.
Following localization, data was collected on prostate position during beam-on as well as when the beam was off.

Results: Beam-on data was available for 25 patients. For 24 of the 25 patients, the percentage of time spent within the planned 2
mm while the beam was on ranged from 97-100%, with a mean of 99%. The corresponding percentages for positions during beam
off were 76-100% with a mean of 94%. One patient was an outlier, and his prostate remained within the 2mm only 69% during
beam on time and 64% during beam off. The difference between beam on and beam off ranged from 0-24%, with a mean of
5%. Five of the twenty-four patients had differences between beam on and beam off of greater than 10%.

Conclusions: An aggressive intervention regimen for prostate intrafraction motion using real-time electromagnetic tracking en-
sured radiation therapy delivery to within 2mm of planned isocenter for 96% of patients. The difference between the prostate po-
sition during beam on and beam off was minimal for most patients, but was meaningful for 21% of patients.

Author Disclosure: P.J. Parikh, Calypso Medical Systems, B. Research Grant; J.R. Olsen, None; R.L. Smith, None; C. Noel, None;
D. Khan, None; S. Tropper, None; C. Mantz, None.
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Summary

Future strategies in chemoradiotherapy for stage I non-
small cell lung cancer

The outcome of standard treatment for stage III non-
small cell lung cancer, concurrent chemoradiotherapy,
is still dismal. Recent researches in radiotherapy have
been focusing on dose escalation and target volume
definition. Future clinical trials to test hypotheses from
different points will be necessary to further improve
the survival.

Satoshi Ishikural et al
Clinical Trials and Practice Support Division
Center for Cancer Control and Information Services

National Cancer Center
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Abstract

Background: The purpose of this study was to analyze the radiotherapy (RT) quality assurance
(QA) assessment in Japan Clinical Oncology Group (JCOG) 0202, which was the first trial that
required on-going RT QA review in the JCOG.

Methods: JCOG 0202 was a multi-center phase Hl trial comparing two types of consolidation
chemotherapy after concurrent chemoradiotherapy for limited-disease small cell lung cancer. RT
requirements included a total dose of 45 Gy/30 fx (bis in die, BID/twice a day) without
heterogeneity correction; elective nodal irradiation (ENI) of 30 Gy; at least 1 cm margin around
the clinical target volume (CTV); and interfraction interval of 6 hours or longer. Dose constraints
were defined in regards to the spinal cord and the lung. The QA assessment was classed as per
protocol (PP), deviation acceptable (DA), violation unacceptable (VU), and incomplete/not
evaluable (I/NE).

Results: A total of 283 cases were accrued, of which 204 were fully evaluable, excluding 79 I/NE
cases. There were |8 VU in gross tumor volume (GTV) coverage (8% of 238 evaluated); 4 VU and
23 DA in elective nodal irradiation (ENI) (2% and 9% of 243 evaluated, respectively). Some VU were
observed in organs at risk (I VU in the lung and 5 VU in the spinal cord). Overall RT compliance
(PP + DA) was 92% (187 of 204 fully evaluable). Comparison between the former and latter halves
of the accrued cases revealed that the number of VU and DA had decreased.

Conclusion: The results of the RT QA assessment in JCOG 0202 seemed to be acceptable,
providing reliable results.
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introduction

Quality assurance {QA) and quality control are an integral
part of multi-center clinical trials involving radiotherapy
(RT). Several reports have shown that failure to adhere to
the treatment protocol deteriorated the outcome in dini-
cal trials [1-5]. To provide reliable results in clinical trials,
it is important to keep each treatment as uniform as pos-
sible. In addition, a QA program is indispensable for
patient safety, preventing increased or unexpected toxic-
ity, and ensuring a certain effect.

In 1999, Japan Clinical Oncology Group (JCOG) trial
9812 was started to evaluate whether RT with carboplatin
would result in longer survival than RT alone in elderly
patients with unresectable stage III non-small cell lung
cancer; however, due to excessive serious adverse events,
the trial was terminated early when 46 patients were reg-
istered. By retrospective RT QA review, a protocol viola-
tion was revealed in 60% of the cases [6].

JCOG 0202 was a multi-center phase Il trial comparing
two types of consolidation chemotherapy after concurrent
chemoradiotherapy for limited-disease small cell lung
cancer (Figure 1).

The primary endpoint of JCOG 0202 was overall survival
and the secondary endpoints included disease-free sur-
vival and the toxicity profile of each treatment. This trial
was the first in JCOG to require on-going RT QA to
improve the quality of clinical trials. This is a retrospective
evaluation of the protocol compliance of JCOG 0202.

Methods

Study design and RT requirements

After enrolling in this trial, patients received cisplatin 80
mg/m?2 on day 1 and etoposide 100 mg/m2 on days 1-3,
with concurrent RT. Patients were randomized after chem-
oradiotherapy and received either 3 cycles of the same

f: Group A
EP+ODDP N EP+CDDP
LD- 1*2; Jole D 3 cycles
SCLC | —» 6]
XRT (BID) M
PS 0-1 45Gy/30fx | |
7 Group B
E CPT-11+CDDP
— 3 cycles*
*PCl for good responders
Figure |

Schema of JCOG 0202. Abbreviations. LD-SCLC, limited-
disease small cell lung cancer; PS, performance status; EP,
etoposide; CDDP, cisplatin; XRT, thoracic radiotherapy; BID;
bis in die/twice a day; CPT-11, irinotecan; PCl, prophylactic
cranial irradiation.

hitp://www.ro-journal.com/content/4/1/16

chemotherapy of cisplatin and etoposide every 3 weeks, or
cisplatin 60 mg/m? on day 1 and irinotecan 60 mg/m2 on
days 1, 8 and 15 every 4 weeks.

RT requirements included a total dose of 45 Gy in 30 frac-
tions (bis in die, BID/twice a day) with an interfraction
interval of over 6 hours. For treatment planning, both
conventional 2-dimensional (2-D) X-ray simulation and
3-dimensional (3-D) CT simulation were allowed. PET
scanning was not required in RT planning. Gross tumor
volume (GTV) was defined as the primary tumor demon-
strated by CT scan as well as metastatic lymph nodes
measuring 1 cm or greater in short axis. In this trial, the
clinical target volume (CTV) for the primary tumor and
metastatic lymph nodes was created without adding any
margins to GTV. CTV also included a regional (elecitve)
nodal area which consisted of ipsilateral hilum and bilat-
eral mediastinal (pretracheal, paratracheal, tracheo-
broncheal, and subcarinal) lymph nodes. Contralateral
hilar lymph nodes were not included in the CIV. The
planning target volume (PTV) was created by adding mar-
gins at the discretion of radiation oncologists (typically
0.5-1 cm for lateral margin and 1-2 cm for cranio-caudal
margin, depending on respiratory motion and patient fix-
ation). A dose of 30 Gy was prescribed at the center of the
PTV, including elective nodal irradiation (ENI), followed
by a boost dose of 15 Gy to the primary tumor and meta-
static lymph nodes. Tissue heterogeneity correction was
not used for monitor unit calculation, because if heteroge-
neity correction was required and different calculation
algorithms were allowed, inter-institutional variation of
the delivered dose would have been significant, and the
convolution-superposition algorithm was not available in
some participating institutions at the beginning of this
trial.

Dose constraints were defined in regard to the dose to the
spinal cord and the lung, The dose to the spinal cord was
kept at < 36 Gy. A posterior spinal shield was not allowed.
The percentage of normal lung volume minus PTV receiv-
ing 20 Gy or greater (V,,) was kept < 35%. In 2-D plan-
ning, the field size was limited to < half of the ipsilateral
lung (for upper lobe tumors, < 2/3).

Quality assurance review

For initial QA review, copies of pre-treatment diagnostic
chest X-ray and CT, simulation and portal films, work-
sheets for monitor unit calculation of the prescribed dose,
and RT charts with the record of the irradiated time were
collected. Information on the initial RT plan was required
to be sent to the QA review center within 7 days after the
start of RT. Information on the total course of RT, includ-
ing the boost treatment plan, was required to be sent
within 30 days after completion of RT. These were
reviewed periodically at least twice a month by the RT
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