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Abstract

Purpose: To estimate the maximum tolerated dose (MTD) and to determine the 

recommended dose (RD) of stereotactic body radiation therapy (SBRT) for peripheral 

T2N0M0 non-small cell carcinoma (NSCLC) with target volume (PTV) < 100 cc.

Materials and Methods: The continual reassessment method (CRM) was used to 

determine the dose level that patients should be assigned to and to estimate the MTD. 

Dose limiting toxicity (DLT) was grade 3 radiation pneumonitis (RP) within 180 days 

after the start of SBRT, grade 2 RP was used as a surrogate DLT. The RD was equal to 

the MTD. The dose was prescribed at D95 of the PTV.

Results: Fifteen patients were accrued. Only 1 experienced grade 2 RP at 60 Gy in 4 

fractions. It was difficult to fulfill the dose constraints at 60 Gy in 4 fractions, and the 

maximum dose level assigned by CRM was changed to 55 Gy in 4 fractions. The lower 

limit of 95% of the credible interval exceeded the adjacent level, and the RD was 

determined as 55 Gy in 4 fractions.

Conclusions: The RD of SBRT for peripheral T2N0M0 NSCLC with PTV < 100 cc 

was determined to be 55 Gy in 4 fractions.
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Introduction

Stereotactic body radiation therapy (SBRT) for peripheral stage I non-small cell lung 

cancers (NSCLC) is recognized as a standard treatment for medically inoperable 

patients [1-6]. Nagata et al. reported that the overall survival (OS) for stage IA and IB 

NSCLC patients at 3 years were 83% and 72%, respectively [1]. Timmerman et al. 

reported 3-year results of RTOG 0236 where the OS for stage I patients at 3 years was 

55.8% [2]. Baumann et al. reported that the OS for stage I patients at 3 years was 60%

[3].

These SBRT results are an improvement over the historical controls of conventional 

fractionated radiotherapy with 17% to 55% OS at 3 years [7, 8]. A meta-analysis by 

Grutters et al. showed that the OS at 5 years for SBRT and conventional radiotherapy 

were 42.1% and 19.5%, respectively [4]. The introduction of SBRT in the treatment of 

elderly NSCLC patients is associated with an improvement in OS, as shown by Palma et 

al. in 2010 [5]. 

With these improvements there are however still unsolved issues in SBRT[6, 9].  

One is the poorer clinical outcomes for peripheral T2N0M0 NSCLC than for T1N0M0 

NSCLC. Onimaru et al. reported that the difference in the local control rate between 40 

and 48 Gy in 4 fractions at the isocenter was larger with stage IB than with stage IA [10].
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Baumann et al. reported that local failure increased in patients with T2 diseases

compared with T1 diseases [3], and Onishi et al. found local disease recurrences of

9.7% for stage IA and 20.0% for stage IB [11]. 

The optimal dose for T2 may be different from the available dose which was 

determined in phase I trials for T1-2. If we escalate the dose for T2 tumors with larger 

PTV, attention must be paid to higher rates of late complications [9, 13].  

Meta-analyses have suggested that too high BED may not be beneficial for survival [14, 

15]. Therefore, a careful prospective dose finding study is needed for peripheral 

T2N0M0 NSCLC in SBRT, as Brada et al. have pointed out confounding data between 

tumor control and tumor volume] [9].

We conducted a multi-institutional phase I study to estimate the maximum 

tolerated dose (MTD) and to determine the recommended dose (RD) of SBRT for 

patients with peripheral T2N0M0 NSCLC (JCOG0702). The enrolled patients were 

stratified into two subgroups: those with PTV < 100 cc and those with PTV ≥ 100 cc, to 

assess the toxicities accurately according to the irradiated volume. This cut-off value 

was chosen to be able to enroll patients in the groups at the same pace, based on a

survey of the number of T2N0M0 NSCLC patients treated with SBRT at the 

participating institutions, however the enrollment was more rapid in the 
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subgroup with PTV < 100cc and earlier than the subgroup with PTV ≥ 100 cc.

In this paper, we report the results of the subgroup of patients with PTV < 100 cc.
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Patients and Methods

Patients

The eligibility criteria were as follows: pathologically or cytologically proven NSCLC; 

peripheral T2N0M0 over 3 cm in diameter (UICC 6th ed., 2002) by chest X-ray, 

enhanced computed tomography (CT), and fluorodeoxyglucose-positron emission 

tomography (FDG-PET); no thoracic malignancy other than the primary cancer; the 

dose constraints of organs at risk (OARs) can be fulfilled by: either "age ≥ 20 years old 

and  unfit for lobectomy as determined by the surgeon" or "age ≥ 70 years old and 

refusing surgery;" no irradiation history to the thorax; no history of chemotherapy other 

than endocrine therapy; ECOG- performance status (PS) 0–2; no dyspnea on exertion 

that require stopping walking during 1 flight of stairs or 1 city block (0.1 km); PaO2 ≥ 

60 torr and FEV1.0 ≥ 700 mL; and written informed consent.

The exclusion criteria were as follows: apparent interstitial pneumonitis or 

pulmonary fibrosis on chest X-ray; active infectious diseases; double cancers within 2 

years other than carcinoma in situ or mucosal cancer, T1N0M0 glottic cancer, stage I 

prostate cancer, and stage I breast cancer; pregnancy or lactation; severe psychological 

disorders; continuous systemic steroid administration; intermittent or continual 

oxygenation; fever above 38°C; uncontrolled cough without narcotics.
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Radiotherapy

The slice thickness of the CT planning was 1 to 3 mm around the primary tumor. The 

gross tumor volume (GTV) was the primary tumor. The clinical target volume (CTV) 

was equal to the GTV. A sufficient internal margin was added to the CTV to make the 

internal target volume (ITV). The PTV was the sum of the ITV plus a setup margin 

(SM) of 5 mm. In principle, no modification of the PTV was permitted to fulfill the dose 

constraints of the OARs. The PTV had to include the ITV.

A Multileaf collimator (MLC) was circumscribed around the PTV with a 5 mm 

distance, in principle. Changes to the distance between the PTV and the edge of MLC

were permitted only to fulfill the dose constraints of OAR without compromising the 

dose covering 95% of the volume (D95) of the PTV. 

Heterogeneity corrections equivalent to superposition algorithms was mandatory. 

The voxel size in the dose distribution calculation was less than 2.5 mm. The dose was 

prescribed at D95 of the PTV. The fraction number was fixed at 4. The homogeneity 

index (HI) was defined as the ratio of the maximum dose in the PTV to the minimum 

dose in the PTV. An HI of above 1.6 was considered a deviation as it was expected that 

a homogeneous dose distribution would not be obtained with large tumors. The dose 
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constraints of the OARs including the spinal cord, esophagus, great vessels, trachea, and 

other organs are shown in Table 1.

Four to 6 MV X-ray was used. The overall treatment time was 4 to 8 days, and 

the treatment delivery was at the rate of 3 to 4 days per week. Verification of setup 

errors < 5 mm before each treatment delivery was mandatory.

A visiting survey of the 7 participating institutions was performed by the Japan 

Clinical Oncology Group (JCOG) Radiation Therapy Study Group/Medical Physics 

Working Group prior to the activation of the study. This survey ensured the accuracy of 

the delivered doses at the institutions participating in the study, using a lung phantom

[16].

Study Design

The continual reassessment method (CRM) [17] was used to determine the dose level 

patients should be assigned to and to estimate the MTD. Toxicities including the dose 

limiting toxicity (DLT) were assessed based on the National Cancer Institute-Common 

Terminology Criteria for Adverse Events (NCI-CTCAE) Ver 3.0.

The DLT was grade 3 radiation pneumonitis (RP) within 180 days after the start of the 

SBRT. A prior distribution of the dose-response curve and the MTD was determined as 
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follows: 6 radiation oncologists estimated the dose-response curve and the MTD under 

the assumption that the DLT was grade 3 RP and the frequency of the DLT was 5% at 

the MTD. The parameters for the prior distribution were determined with a logistic 

dose-response model using the data obtained from the 6 radiation oncologists.

The frequency of the DLT at the MTD was expected to be 5%, which was low, 

and further, 1 occurrence would have a strong impact on the calculation of the assigned 

dose level. To resolve this, we used grade 2 or a higher RP within 180 days of the start 

of the SBRT as a surrogate DLT, since the 6 radiation oncologists expected the 

frequency of grade 2 RP at the MTD to be 25%, consistent with a previous study from 

the Netherlands and Michigan [18]. The prior distribution of the dose-response curve 

and the MTD was calculated based on the expected frequency of grade 2 RP. Appendix 

A shows the prior distribution of the dose-response curve for grade 2 RP. The 

pre-planned decision rule to determine the MTD and the recommended dose (RD) was 

as follows: The MTD was the dose level at which the expectation of a posterior 

distribution of grade 2 RP was around 25%. The lower and upper limits of the 95% 

credible interval (CI) for the predicted MTD level should not include the adjacent dose 

level. The RD was defined as being equal to the MTD.

The starting dose was 40 Gy in 4 fractions at the D95 of the PTV, and the dose 
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was increased in 5 Gy steps to 65 Gy. This starting dose was determined based on the 

estimate that 40 Gy in 4 fractions at the D95 of the PTV corresponds to 48 Gy in 4 

fractions at the isocenter, a dose which is commonly used in practice in Japan; its safety 

has been confirmed in a Phase I/II study.[1]. The maximum dose level was determined 

as 65 Gy in 4 fractions at the D95 of the PTV before starting the trial. The dose level 

which patients were assigned to was calculated once a month using the CRM except 

with the first 5 patients, who were assigned to this starting dose.

Patient accrual was suspended to assess the DLT when a sufficient number of 

patients were enrolled at any dose level. Patient accrual was resumed when the number 

of patients needing a DLT assessment had decreased to 2 or less.

The study protocol was approved by the Japan Clinical Oncology Group (JCOG) 

Protocol Review Committee and the Institutional Review Board of each participating 

institution. Signed informed consent was obtained from each patient. This study was 

registered at the UMIN Clinical Trials Registry as UMIN000001459.

Follow-up

Patients were seen at 1, 2, 3, 4, 5, 6, 9, 12, 15, 18, 21, and 24 months after the start of

the treatment. Chest X-rays were performed at 1, 3, and 5 months, and chest CT at 2, 4, 
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6, 9, 12, 18, and 24 months after the start of the treatment. When a patient showed grade 

2 or higher RP, the information about the grade of RP of the patient and the patient 

accrual was shared among the participating institutions.

Statistical analysis

Posterior distribution by the CRM was updated by the JCOG Data Center. Overall 

survival (OS) was defined as days from the registration of the patient in the study till

death from any cause, and it was censored at the last follow-up date when the patient 

was alive. The survival curve was estimated using the Kaplan-Meier method. All of the 

statistical analyses were carried out using the software program SAS, release 9.2 (SAS 

Institute, Cary, NC).
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Results

Fifteen patients from the 7 institutions were accrued from October 2008 to September 

2012 in the PTV < 100 cc subgroup. The follow-up of the patients ranged from 0.9 to 

4.5 years (median follow-up for all patients, 2.4 years). Eight patients were male and 

seven were female. The ages ranged from 71 to 88 years (median 81 years). The tumor 

sizes ranged from 31 mm to 39 mm (median 32 mm). The number of adenocarcinomas, 

squamous cell carcinomas, and large cell carcinomas was 10, 4, and 1, respectively. 

Eleven of the 15 patients had refused surgery. Other characteristics are shown in Table 2. 

The numbers of patients at each dose level were 5 at 40 Gy, 1 at 45 Gy, 3 at 50 Gy, 1 at 

55 Gy, and 5 at 60 Gy. Due to the protocol deviation of the dose level at 40 Gy, one 

patient was excluded from the derivation of the posterior distribution of grade 2 RP to 

avoid underestimation of the toxicity.

Only 1 patient experienced grade 2 RP. This patient was treated with 60 Gy in 4 

fractions at D95 of the PTV. The remaining 14 patients had Grade 1 or lower RP. Table 3 

shows the number of patients who developed RP and their dose levels.

No patient was accrued in this study for more than 6 months from March 2011, 

when the assigned dose was 60 Gy. We interviewed each of the participating institutions

to clarify the reasons for not enrolling patients, and found technical issues in fulfilling 
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the dose constraints of the OARs at 60 Gy. The numbers of patients who did not fulfill 

the dose constraint at a dose of 60 Gy after March 2011 were as follows by OAR: aorta, 

4; pulmonary artery, 4; skin, 3; heart, 3; esophagus, 1; bronchus, 1; brachial plexus, 1; 

and spinal cord, 1. This suggests that no further dose escalation was feasible for the 

majority of eligible patients, and that accruing the minority who could fulfill the dose 

constraints would not be useful, considering the generalizability of the results of this 

study. To get around this, we decreased the maximum dose level assigned by the CRM 

from 60 Gy to 55 Gy in August 2012, and the lower limit of the 95% CI exceeded the 

adjacent level of 50 Gy. As a result, the RD was determined as 55 Gy at D95 of the PTV.

At 55Gy, the tail probability of the posterior distribution that showed DLT to occur with 

a frequency above 25% was 8.0%. Appendix B shows the posterior distributions in 

terms of the estimated probability of grade 2 RP.

The other toxicities are summarized in Appendix C. There was no grade 3 or 

worse toxicity.

The dose volume histogram (DVH) parameters are shown in Table 4. The mean 

physical lung dose ranged from 3.0 to 7.0 Gy for all patients; it was 4.6 Gy in the one

patient assigned 55 Gy.

The maximum dose for the patient treated with 55 Gy in 4 fractions at D95 was 
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66.8 Gy in 4 fractions. The biological effective dose (BED) was 174.9 Gy10 for 66.8 Gy 

in 4 fractions assuming that the α/β was 10 Gy for the tumor.

The median overall survival for all 15 patients was 2.6 years. The overall 

survival proportion was 39% (95% CI: 11.4%–67.1%) at 3 years, as shown in Figure 1.

The proportion of 2 year survival for patients treated with 40 to 50 Gy and 55 to 60 Gy 

were 77.8% and 83.3%, respectively (Hazard ratio, 0.25 95%CI[0.03-2.05], p-value =

0.16). 
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Discussion

In this study, the RD of SBRT for T2N0M0 NSCLC patients with PTV < 100cc 

was determined to be 55 Gy in 4 fractions at D95 of PTV. The MTD could not be 

determined based on the pre-planned rules because of the limited number of patients 

assigned to the higher dose and no dose-limiting toxicity was observed. Five patients 

were assigned to the dose level of 60 Gy and only one developed Grade 2 RP, but we 

did not determine the RD as 60 Gy because the lower limit of the 95% CI for the 

predicted MTD did not exceed the adjacent dose level of 55 Gy. However, the lower 

limit of the 95% CI for the predicted MTD exceeded the dose level of 50 Gy based on 

the CRM, and finally 55 Gy was determined to be the RD based on the preplanned 

decision rules.

The dose constraints in this study may have been too conservative. However, we 

did not escalate the dose to OAR other than the lungs, because severe toxicity in serial 

organs like the esophagus, trachea, and large vessels due to SBRT can result in death 

[19-22]. Also, very high doses of irradiation to the heart and skin may cause serious 

complications such as coronary stenosis and skin necrosis, respectively [23-26]. We 

considered that it was not justified to increase the risk of severe toxicities other than RP

for the participants subject to risks of severe RP. Dose escalation study of serial organs 
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need to be performed very carefully focusing on a specific organ with proper 

monitoring. It should also be kept in mind that the number of patients enrolled in a 

phase I study should be as small as possible in general, resulting in the number of 

patients to evaluate the safety of the dose constraints of every OAR to become too 

small.

The BED10 of the RD was 130.6 Gy10. Careful attention must be paid when 

using a BED10 at such a high dose-per-fraction schedule, because there have been 

controversies about comparing BEDs of different dose fractionation schedules with such 

high dose-per-fraction values [27, 28]. The differences in treatment methods among 

studies, such as the dose prescription, the normalization, and MLC fitting also make a 

simple comparison of BED values insufficient for a comparison and interpretation of the 

results of multiple studies. 

We used CRM to determine the RD of the SBRT for T2N0M0 NSCLC in this 

trial, although the traditional 3 + 3 design is common in a phase I study. The CRM is a 

Bayesian approach and has advantages compared with the traditional 3 + 3 design. First, 

since the CRM uses all the data to determine the next dose level, the CRM can estimate 

the MTD more precisely than the traditional 3+3 design. We used the 95% CI and 

estimated the lower limit of the 95% CI of the MTD. We had to change the decision rule,
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but were able to determine an RD based on the data with a statistical evaluation.

Second, rapid dose escalation is possible with the CRM. The DLT of 

radiotherapy sometimes needs to be observed over long terms, because some DLTs such 

as radiation pneumonitis occur 3 to 6 months after the completion of the radiotherapy. 

The need for a long observation period may necessitate long-term phase I studies in 

radiation oncology. With use of the CRM, the number of patients could be small 

because the dose levels are assigned to small numbers of patients (e.g., 1 or 2), so that 

the period of a study would be shorter when compared to traditional designs. In the 

present study, the rapid and safe dose escalation with the CRM was achieved with only 

one patient experiencing Grade 2 RP. However, the CRM also has disadvantages in that 

it is a complex method and that there is a need for a statistical expert to take part. The 

CRM appears to be an important method for phase I studies, but the advantages and 

disadvantages in its use should be considered carefully.
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Figure Legends

Figure 1. Overall survival for all 15 participating patients.

Appendix A. The prior distribution of the dose-response curve of grade 2 dose limiting 

toxicity and radiation pneumonitis. The horizontal axis shows the prescribed dose. The 

vertical axis shows the predicted percentage of the dose limiting toxicities (DLT) 

(%DLC). DLT is grade 2 radiation pneumonitis. The Median (dashed blue) and Logistic 

Curves (red) are not the same curve, but they nearly coincide and may appear to 

overlap.

Appendix B. 

The posterior distributions in terms of estimated probability of grade 2 dose limiting 

toxicity, radiation pneumonitis, for each dose level which are calculated from the results 

of the trial. The horizontal axis shows the predicted percentage of the dose limiting 

toxicities (DLT) (%DLC), grade 2 radiation pneumonitis. The vertical axis shows the 

probability density. 

Dose level 1: 40Gy, 2: 45Gy, 3: 50Gy, 4: 55Gy, 5: 60Gy, 6: 65Gy,

The area under the curve of dose level 4 (55 Gy) from the 25 % to 100% in horizontal 
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axis (black area) shows where the probability of the percentage of grade 2 radiation 

pneumonitis at dose level 4 (55 Gy) is above 25 %. 
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Table 1. Dose Constraints Used

Organ at risk Dose / fr. Volume

Spinal cord 25 Gy / 4 fx Max

Esophagus / 
Pulmonary artery

40 Gy / 4 fx < 1 cc

35 Gy / 4 fx < 10 cc

Stomach /
Small Intestine / 
Large intestine

36 Gy / 4 fx < 10 cc

30 Gy / 4 fx < 100 cc

Trachea / Bronchus 40 Gy / 4 fx < 10 cc

Other organ*
48 Gy / 4 fx < 1 cc

40 Gy / 4 fx < 10 cc

Lung V20 < 37%

Skin < 40Gy/4fx (if possible)    *Excluding rib, chest wall, liver, spleen. 
Vx, the volume irradiated × Gy or greater. 



Table 2. Characteristics of the 15 Patients with NSCLC

Age (year) 71–88 (median 81)
Male/Female 8/7

Tumor size 31–39 mm (median 32 mm)
Histology Adenocarcinoma 10

Squamous cell carcinoma 4
Large cell carcinoma 1

Location Right upper lobe 8
Right middle lobe 1
Left upper lobe 5
Left lower lobe 1

PS 0/1/2 8/5/2
Smoking + / − 6/9

Unfit for lobectomy/refusing surgery 4/11

NSCLC, non-small cell lung cancer; PS, performance status.



Table 3. Radiation Pneumonitis (RP) within 180 Days

40 Gy
n=5

45 Gy
n=1

50 Gy
n=3

55 Gy
n=1

60 Gy
n=5

RP Grade 1 3 1 3 1 4

RP Grade 2 0 0 0 0 1

RP Grade 3 0 0 0 0 0



Table 4. Median DVH Parameters (range)

40 Gy
n=5

45 Gy
n=1

50 Gy
n=3

55 Gy
n=1

60 Gy
n=5

Isocenter
Dose of PTV 

(Gy)

46.5
(45.3–51.9)

52.0 61.8
(58.7–62.2)

66.8 72.9
(67.7–75.1)

MLD (Gy) 3.5
(3.0–6.9)

3.4 5.5
(3.4−6.3)

4.6 4.6
(3.6−7.0)

V20 of 
Lung−PTV

(cc)

167.0
(141.7−215.3)

181.1 194.5
(173.5−367.7)

276.7 278.9
(188.1−302.2)

V10 of
Lung−PTV

(cc)

401.6
(331.0−490.6)

376.9 374.2
(345.6−741.0)

534.1 419.5
(341.9−614.5)

MLD, mean lung dose; Vx , the volume that receives x Gy or above.
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Figure 1. Overall survival for all 15 participating patients.
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Appendix C. Other Toxicities ≥ Grade 2 after 180 Days

40 Gy
n=5

45 Gy
n=1

50 Gy
n=3

55 Gy
n=1

60 Gy
n=5

Cough 1 (G2) − 1 (G2) − −

Dyspnea 2 (G2) − 1 (G2) − 1 (G2)

Hypoxia 1 (G2) − − − −

Chest pain − − − − 1 (G2)

Fracture − − 1 (G2) − 2 (G2)

Brachial 
plexopathy − − 1 (G2) − −

G2, Grade 2.


