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Abstract

Purpose—This phase | portion of a prospective phase I/11 study sought to establish the maximum
tolerated dose of image-guided, intensity-modulated radiation therapy (IMRT) or proton therapy
(IMPT), both with a simultaneous integrated boost (SIB), for patients with stage 11-111B non-small
cell lung cancer (NSCLC) receiving concurrent chemoradiation therapy.

Methods—~Patients had pathologically proven NSCLC, either unresectable stage 11-111B disease
or recurrent disease after surgical resection, who could tolerate concurrent chemoradiation.
Radiation doses were selectively escalated to the SIB volume (SIBV; internal gross tumor volume
+ 5 mm margin), and the dose to the planning target volume (PTV; internal gross target volume
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+ 8 mm margin for CTV + 5 mm) was kept at 60 Gy (CGE) over 30 fractions. Patients were
randomized between the IMRT and IMPT groups if slots were available on the treatment machines
for both groups. Otherwise, patients were allocated to IMRT or IMPT, whichever had an open
treatment slot on the machine without randomization.

Results—Fifteen patients (6 IMRT, 9 IMPT) were enrolled. The highest doses to the SIB were
72 Gy in the IMRT group and 78 Gy (CGE) in the IMPT group. Nine patients (6 IMRT, 3 IMPT)
received an SIB dose of 72 Gy (CGE) (BED=89.3 Gy (CGE)) and 6 patients (IMPT) received an
SIB dose of 78 Gy (CGE) (BED=98.3 Gy (CGE)). Dose-limiting (grade >3) toxicity (esophagitis)
developed in 1 of the 9 patients given 72 Gy (CGE) SIB. Grade =3 pneumonitis developed in 2 of
the 6 patients treated to 78 Gy (CGE) IMPT SIB; one (grade 3) at 3 months after treatment, and
the other (grade 5, possibly related to treatment) at 2 months after treatment. Only 1 patient
developed a marginal tumor recurrence with a median follow-up of 25 months (range 4.3-47.4
months).

Conclusion—We recommend that an SIB dose of 72 Gy (CGE) be used as the highest SIB dose
for the planned randomized phase Il study.

INTRODUCTION

Local failure is common after conventionally fractionated, standard-dose chemoradiation for
non-small cell lung cancer (NSCLC), because the sensitivity of normal lung prevents the
delivery of tumoricidal doses that are high enough to control clonogenic cells. Studies of
stereotactic ablative radiation therapy (SABR) have shown a steep radiation dose response in
the treatment of early-stage lung cancer, with a biologically effective dose (BED) of >100
Gy needed to control the tumor [1]. However, delivering such high doses to locally advanced
lung cancer is difficult, especially when the disease involves the mediastinal lymph nodes,
and thus are part of the target volume. Other constraints include the need to minimize the
dose to surrounding critical structures such as the esophagus, lung, heart, and brachial
plexus.

Previous results from phase I trials [2,3] suggested that high doses (up to 74 Gy) may
confer a survival benefit in such patients, and theoretically, higher radiation doses would be
expected to result in better control [4]. Thus far, phase 11 prospective studies of radiation
dose escalation have not shown a dose response in terms of overall survival (OS) when
radiation is given in conventional fractionation with concurrent chemotherapy for the
treatment of locally advanced NSCLC. Findings from the phase 11l Radiation Therapy
Oncology Group (RTOG) trial 0617 [5] indicated that OS was lower among patients who
received the high (74 Gy) dose than among those who received the standard 60 Gy, with
median OS times of 21.7 months and 27.8 months. Many secondary analyses have been
undertaken in attempts to explain the apparent lack of a radiation dose response in this trial.
One potential explanation is that the overall treatment time in the 74-Gy group was longer
than that in the 60-Gy group; prolonging treatment time is known to be associated with
decreased tumor control and survival, probably owing to repopulation of cancer stem cells.
In NSCLC, prolonging treatment time by more than 4 or 5 days is associated with inferior
OS among patients receiving radiation therapy alone or concurrent chemoradiation therapy
[6,7]. The experience with SABR for NSCLC further suggests that the BED in RTOG 0617,
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even in the high-dose group, was not high enough to produce good tumor control, because
the BED for 74 Gy delivered in 2-Gy fractions is 88.8 Gy, which is considerably less than
100 Gy. Therefore, escalating the dose per fraction is an attractive alternative, in that
delivering higher physical doses without prolonging the overall treatment time would result
in an increased BED to the tumor, which would be expected to increase local tumor control
[8,9].

Another way to avoid acute and late complications associated with using large radiation
doses per fraction without reducing the total dose (or even giving higher doses to the tumor)
is to deliver different doses to the gross tumor volume (GTV) and the clinical target volume
(CTV) during the same fraction. Use of intensity-modulation photon-based radiation therapy
(IMRT) or intensity- and energy-modulated proton beam therapy (IMPT) techniques allows
the delivery of non-uniform radiation doses to specific spatial volumes. The so-called
“simultaneous integrated boost” (SIB) technique delivers a higher per-fraction dose and a
higher total dose to the GTV while maintaining the per-fraction dose and total dose to the
surrounding CTV at a dose level consistent with current practice [10-13]. The CTV is
designed to cover areas of microscopic disease and subclinical involvement around the GTV
and is generally considered to have a lower tumor burden than the GTV. Thus, the SIB
technique has the theoretical advantage of giving higher doses selectively to volumes of high
tumor burden (GTV) while maintaining minimum doses to subclinical disease (CTV). The
SIB technique has been used successfully to treat cancer at several anatomic sites, including
head and neck [11], gynecologic [14], and prostate [15], with acceptable acute and long-
term toxicity and usually better tumor control than standard radiation treatment. A planning
study that included an SIB to accelerate radiotherapy for stage 111 NSCLC [16] indicated
that the SIB technique permits accelerated radiotherapy for such patients without increasing
the expected risks of normal tissue toxicity. By reducing the overall treatment time, the SIB
technique may improve local tumor control and survival.

A retrospective study [17] identified 71 patients who are not candidates for surgery or
conventional chemoradiation with NSCLC, delivered IMRT+SIB in 15 fractions to = 52.5
Gy. It showed that hypofractionated IMRT+SIB is a viable approach for selective patients
with NSCLC, with tolerable toxicity. A Phase Il study [18] evaluated the efficacy of
synchronous three-dimensional (3D) conformal boost with 60 Gy to the GTV and 45 Gy to
the PTV in 25 fractions, which presented favorable outcome with acceptable toxicity. We
hypothesized that a higher-than-standard BED of radiation, delivered in fractions larger than
2 Gy (CGE) to the GTV, while maintaining biologically effective normal tissue doses at the
currently accepted levels, will increase local control in patients with locally advanced
NSCLC.

METHODS

Trial design

We undertook a prospective phase I/11 trial designed to address whether dose escalation,
without prolonging overall treatment time, would be beneficial in terms of local progression-
free survival for patients with stage 11B to 111B NSCLC scheduled to undergo concurrent
chemoradiation therapy as definitive therapy. All patients were to receive image-guided

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2019 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Jeter et al.

Page 4

IMRT or IMPT, both with an escalated dose to the SIB planning volume (SIBV; defined as
the iIGTV with a 5 mm margin). The phase | portion of the study, the subject of this report,
was done to establish the maximum tolerated SIBV dose to inform the phase Il portion of
the study. This dose was defined as the highest dose at which no more than 30% of patients
have acute dose-limiting toxicity (defined as grade 3 or higher on the Common Terminology
Criteria for Adverse Effects v.4.0) during the 90 days starting from day 1 of radiation
treatment in at-risk regions (including but not limited to lung, esophagus, brachial plexus, or
heart) that is definitely or probably related to radiation treatment. Cardiotoxicities
prospectively evaluated included dysrhythmias as well as pericarditis. Our long-term goal
was to use the results for a randomized phase 1l comparison of SIB IMPT with SIB IMRT.

Three dose levels (1.0, 2.0, and 3.0) were used in the SIBV dose escalation. If the MTD was
exceeded at one of the planned dose levels and the maximum of 30 patients planned for the
phase | part of the study had not been reached, we would treat cohorts of 3 patients at the
level midway between the unacceptable SIBV dose level and the previous acceptable SIBV
dose level. As an example, if the rate of dose-limiting toxicity exceeds 30% at 84 Gy (CGE)
(SIBV Level 3), then a cohort of 3 patients would be treated at 81 Gy (CGE), which would
be the midway between SIBV Level 2 and SIBV Level 3. As another example, if the rate of
dose-limiting toxicity exceeded 30% at 78 Gy (CGE) (SIBV Level 2), a cohort of 3 patients
will be enrolled at 75 Gy (CGE), which would be midway between SIBV Level 1 and SIBV
Level 2. After a 90-day observation period (beginning on day 1 of radiation treatment), the
dose per fraction and the total dose to the SIBV were increased if no dose-limiting toxicity
was observed.

We used a modified version of the continual reassessment method of O’Quigley et al. (1990)
to run the trial for each arm. Patients were randomized to either IMRT + SIBV or IMPT +
SIBV, when time slots were available on the treatment machines in both arms. Patients were
assigned to the particular treatment when the only available time slot was available in that
arm. Once at least 9 patients have been treated at a given SIBV Dose Level and the next
patient is assigned to the same SIBV Dose Level, then the study will be stopped for that arm.
The MTD for an arm will be that SIBV Dose Level with posterior probability of toxicity
closest to the target toxicity probability of 0.30.

As an added measure of safety, the trial would be stopped early for an arm if the lowest
SIBV Dose Level for that arm was unacceptably toxic. That is, if there was more than a 90%
chance that the probability of DLT at the lowest SIBV Dose Level for an arm was greater
than 30%, then we would stop the study for that arm. We would stop at SIBV; dose level 3.0
even if the MTD was not reached. These operating characteristics were based on 1000
simulations of the trial.

Patient eligibility—Inclusion criteria included pathologically proven diagnosis of
unresectable stage I1-111B NSCLC, and recurrent disease after surgical resection. Patients
must have been deemed suitable for concurrent chemoradiation therapy, have a Karnofsky
Performance Status of =70, age >18 years, and have weight loss of <15% during the 3
months before diagnosis. Adequate lung function (indicated by forced expiratory volume in
1 second [FEV1] =1 L) and adequate bone marrow function were also required.
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Exclusion criteria included prior receipt of radiation to the mediastinum or to any other
region that would result in overlap of radiation dose distribution to critical structures
(esophagus, heart, spinal cord, or brachial plexus); T4 tumors with direct invasion of the
esophagus, spinal cord, major blood vessels, or heart; GTV motion >5 mm on 4D computed
tomography (CT) with or without respiratory management using gating or breath-holding; or
pregnancy.

The protocol for this trial was approved by the appropriate institutional review board, and all
patients provided written informed consent to participate before any treatment was begun.

Treatment—All patients underwent CT-based treatment simulation while supine and
immobilized in an upper body cradle with their arms overhead. Four-dimensional simulation
was used for all patients to account for respiratory motion. All patients were to undergo
image-guided IMRT or IMPT. The internal GTV (iGTV) was contoured such that it
encompassed the position of the tumor throughout the respiratory cycle. The SIBV was
defined as the iGTV plus a 5 mm margin. The CTV was created by expanding the iGTV by
8 mm, with an additional 5 mm for the planning target volume (PTV).

For all SIBV dose levels, the dose to the PTV was kept constant at 60 Gy (CGE) in 30
fractions. We started the SIB at the lowest dose range level (Table 1). Three patients were to
be treated at the first dose range level in the IMRT SIB arm and in the IMPT SIB arm.
Normal tissue constraints: lung minus GTV, V20 < 37%, MLD < 20 Gy (CGE); esophagus,
max dose 74 Gy (CGE) < 1cc of partial circumference; heart, V30 < 50% V45 < 35%); spinal
cord, V50 < 0.03 cc. Plans called for 299% of the PTV and the SIBV to be covered by 95%
of the prescribed doses; 95% of the prescribed dose to the PTV and SIBV was considered
acceptable if 100% could not be reached.

All patients received standard concurrent chemotherapy as prescribed by the treating
medical oncologist.

Seventeen patients provided informed consent to participate; 1 patient withdrew consent and
another was denied insurance coverage, for a total of 15 patients treated according to
protocol specifications. Patient characteristics are shown in Table 2. Among those 15
patients, 1 patient who was to receive IMPT to 78 Gy (CGE) voluntarily discontinued
treatment after having received 22 of 30 planned fractions (GTV 57Gy, PTV 44Gy). The
highest SIB dose levels reached were 72 Gy in the IMRT arm and 78 Gy (CGE) in the IMPT
arm. Nine patients (6 IMRT, 3 IMPT) received an SIBV dose of 72 Gy (CGE) (BED=89.3
Gy (CGE)) and 6 patients (all IMPT) received an SIBV dose of 78 Gy (CGE) (BED=98.3
Gy (CGE)).

Individual patient survival, mean lung dose, and mean heart dose are shown in Table 3. Ata
median follow-up of 25 months (range 4.3-47.4 months), the rates of dose-limiting toxicity
(grade =3) were 11.1% in the SIBV dose level 1 (72 Gy (CGE)) group and 33.3% in the
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SIBV dose level 2 (78 Gy (CGE)) group (Table 4). Because the 33.3% for dose level 2
exceeded the pre-specified limit of 30%, the maximum tolerated dose (72 Gy (CGE)) was
reached before the third SIBV dose level (81-84 Gy (CGE)).

Treatment-related toxicity outcomes are shown in Table 5. Esophagitis developed in a total
of 8 patients: 3 patients given SIB IMRT at 72 Gy (one grade 3 and two grade 2); 2 patients
given SIB IMPT at 72 Gy (CGE) (one grade 1 and one grade 2); and 3 patients given SIB
IMPT at 78 Gy (CGE) (three grade 2). No dysrhythmias or evidence of pericarditis was
seen.

Severe pneumonitis (grade =3) developed in 2 patients, both of whom had been treated with
SIB IMPT 78 Gy (CGE); one patient developed grade 3 pneumonitis at 3 months after
completing treatment, and the other a grade 5 pulmonary event at 2 months after completing
treatment. The patient who died had a right upper lobe stage 111 T3N2MO squamous cell
carcinoma and significant comorbidity, including breast cancer that had been treated with
combined modality therapy; moderate pulmonary hypertension; atrial fibrillation; and mitral
and tricuspid valve prolapses with replacement in 2001. That patient developed acute
dyspnea and failure to thrive and was found to have lung infiltration, mainly outside the
radiation fields, and a broken mitral valve ring. Dosimetric variables for this patient were
total lung volume 2455 cm?3, mean lung dose 15 Gy, V5 35%, V10 31%, V20 26%, and V40
18%. This patient’s death was considered to be possibly related to treatment. Two patients
had grade 2 radiation-induced dermatitis (one with SIBV IMRT to 72 Gy and the other with
SIBV IMPT to 72 Gy (CGE)). Thus, one of nine patients developed grade =3 esophagitis at
an SIBV dose of 72 Gy (CGE), and two of six patients developed grade =3 toxicity at an
SIBV dose of 78 Gy (CGE).

Disease outcome

Only one of the 15 patients developed marginal recurrence, which appeared at 23 months
after completing the treatment; another patient developed an intrathoracic recurrence, 4
developed distant metastasis (2 brain, 1 liver, 1 in both brain and bone), and 5 had died at the
time of this analysis. Cumulative probabilities of local failure, disease-free survival, and OS
are shown in Figure 1. The median OS time for all patients was 25.3 months with a Kaplan-
Meier estimated median overall survival of 38.6 months.

DISCUSSION

The prognosis of locally advanced NSCLC remains poor during past decades of years, local
failure after standard dose radiotherapy is inadequate, and potentially serve as a source for
metastatic. Improved local control should lead to improved overall survival [20].
Theoretically, higher radiation doses is a potential strategy to improve the local control [1,4];
however, the optimal dose and fractionation is unknown. It’s imperative to pursue new
strategies to escalate dose to tumor while sparing normal tissue.

Hypofractionated RT regimens have been adopted in some studies. A study reported by Zhu
et al. [21] delivered accelerated HypoRT (initially 50Gy/20 fractions, then a fraction dose of
3Gy) to a total dose of 65-68Gy in 34 NSCLC patients with stage 111 at diagnosis. The 1-,
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2-, and 3-year LR-PFS were 69.6%, 60.9% and 60.9%, respectively. The 3-year OS, PFS
were 32.1%, 29.8%, respectively. Hyperfractionated accelerated RT is another dose
escalation approach. In a multicentric randomized CHARTWEL trial [22], 406 patients were
randomized to receive 60Gy/40 fractions/2.5weeks or 66Gy/33 fractions/6.5weeks. The
overall survival, local tumor control rates and distant metastases did not significantly differ.
But in advanced stages and after chemotherapy there was higher efficacy in the
hyperfractionation arm. Another option is to deliver stereotactic body radiation therapy
(SBRT) to residual primary disease. A prospective study [23] evaluated the feasibility of
conventional chemoradiation followed by SBRT. After a median follow-up of 13 months, the
local control rate was 82.9%, only 1 patient (2.9%) developed persistent grade 3 radiation
pneumonitis (RP), and one developed grade 4 or 5 RP.

Adaptive dose escalation has also been used in the past. Kong, et al. [29] recently described
a phase Il clinical trial involved Stage 11/111 NSCLC patients demonstrating that adaptive
radiotherapy-escalated radiation dose to the 18F-fludeoxyglucose (FDG)-avid region
detected by midtreatment positron emission tomography (PET) achieved 82% local tumor
control at 2 years, with a reasonable rate of radiotherapy-induced toxicity. Conformal RT
was individualized to a fixed risk of RILT (grade >2) and adaptively escalated to the residual
tumor defined on midtreatment FDG-PET up to a total dose of 86 Gy in 30 daily fractions.
This hypothesis is how being tested in a randomized phase 2 multicenter trial (RTOG 1106).

The strategy we’ve adopted in our study is IMRT or IMPT with a simultaneous integrated
boost for tumor dose escalation while limiting normal tissue dose and total treatment
duration. A dosimetric analysis [24] demonstrated that a target’s median dose escalation of
approximately 15 Gy (64.8 —79.2 Gy) via IMRT using SIB was deemed achievable with
critical structures not significantly changed. Another study [25] tested the planning
feasibility of simultaneous integrated volume-adapted boost which delivered to the shrunken
primary tumor with dose escalation from 66 Gy to 82 Gy. The 82-Gy level was achieved
with an increased EQD2 and tumor control probability (TCP). However, only 10-20%
patients achieved the 82-Gy level, implying a need to modify the strategy before clinical
implementation. The efficacy of SIB-IMRT on medically inoperable patients with stage 11
(T2b-3NOMO0) NSCLC has been analyzed in a clinical trial [26]. The 1-, 2-, and 3-year
overall survivals (OS) were 93, 85, and 61%, respectively, with a median survival of 46.5
months. 28.6% (8/28) were with Grade 1lor 2 radiation pneumonitis (RP), and 7.1% (2/28)
with Grade 1 esophagitis, 17.9% (5/28) developed Grade 1 radiation pulmonary fibrosis
(RPF). Another phase Il study [27] of SIB proton beam therapy (PBT) for locally advanced
NSCLC was reported to present the preliminary results. The prescribed doses were 74Gy
(CGE) for the primary tumor and 66Gy (CGE) for the lymph nodes. The mean survival time
was 26.7 months. Acute pneumonitis was observed in 3(3/15) patients (Grade 1 in one, and
Grade 3 in two), but Grade 3 pneumonitis was considered to be non-proton-related. Grade 3
acute esophagitis and dermatitis were observed in 1(1/15) and 2(2/15) patients, respectively.

However, to the best of our knowledge, the optimal strategy of SIB is still unknown. The
maximum tolerated dose for SIB dose escalation for the definitive treatment of locally
advanced NSCLC had not been clear, even though this technique has been used successfully
for tumors at other anatomic sites [28]. Thus, we investigated the maximum tolerated dose

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2019 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Jeter et al.

Page 8

for image-guided IMRT or IMPT, both delivered with an escalated dose to the SIBV, for
patients with stage 11-111B NSCLC. Our study showed that a dose to the SIBV of up to 72
Gy (CGE), given at 2.4 Gy (CGE) per fraction with concurrent chemotherapy, was safe for
patients with locally advanced NSCLC. In our trial, the maximum tolerated dose (to the
SIBV) was met before we reached the third (highest) dose level of 81-84 Gy (CGE), leading
us to halt the trial at the SIBV dose level 2 (78 Gy (CGE)). The most common radiation-
induced complication was esophagitis. Because IMPT seems to have been advantageous in
terms of sparing the esophagus, we recommend using an SIBV that spares the esophagus
(which we termed a “simultaneous integrated avoidance” volume), which we will test in the
subsequent phase Il portion of this study. As we know, most esophagitis is temporary and
could be well managed by supportive treatment (including analgesics) to maintain nutrition
and isohydria, and no patients needed a treatment break, but esophagitis should be
minimized as much as possible to avoid complications like perforation and stenosis.

Among patients who received SIB IMPT 78 Gy (CGE), two experienced lung toxicity, one
grade 3 and the other grade 5. As noted in the Results, the patient who died had a complex
medical history, and that patient’s death was considered possibly related to the treatment.
The inclusion of this patient as having had grade 5 toxicity led us to stop the trial at SIBV
level 2 (78 Gy (CGE)). Other episodes of severe (grade =3) acute hematologic toxicity
(myelosuppression considered strongly related to chemotherapy) were well managed and
resolved.

RTOG 0617 [5] set new benchmarks for patients with inoperable stage 111 NSCLC given
chemoradiotherapy, with median OS times 28.7 for the standard-dose group and 20.3
months for the high-dose group. In our study, the median OS time for all patients was 25.3
months with a Kaplan-Meier estimated median overall survival of 38.6 months, and the
estimated 1-year OS rate was 82.4%. The local-regional recurrence rate in the current study
(1 of 15, or 7%) compares favorably with those in RTOG 0617 (16.3% in the standard-dose
and 24.8% in the high-dose groups). Although our results must be considered preliminary,
this prospective test of the tolerability of a boost dose of 72 Gy (CGE) to the SIBV with
IMRT or IMPT. Our follow-up time is too short as yet to assess late toxicity; this endpoint
will be evaluated in the phase Il portion of this study.

In conclusion, our results from this prospective phase | trial indicate that an SIBV dose of 72
Gy (CGE) is the maximum tolerated dose to be given with image-guided IMRT or IMPT.
We recommend that this dose level be tested in the subsequent randomized phase Il portion
of this study, in which efficacy, late toxicity, local progression-free survival, and toxicity-free
survival are included as endpoints.
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Summary

Local failure is common after conventionally fractionated, standard-dose chemoradiation
for NSCLC. Theoretically, higher doses could confer a survival benefit, but this has not
been confirmed in a phase 11 trial using conventional techniques. Dose escalation by new
strategies seems promising. Our study is trying to find the optimal dose and fractionation
by image-guided IMRT or IMPT with a simultaneous integrated boost. This article
presents our preliminary results of a phase | study.
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Table 1
Dose escalation schedule
Total No. of Biologically Biologically
Dose, Fractions Effective Equivalent
Gy(CGE) Dose or BED, Total Dose
Gy(CGE)2 in 2-Gy
Fractions
[EQD;], Gy(CGE)P
Dose to planning target volume 60 30 72 60
Simultaneous dose to SIBVC
Level 1 66-72 30 80.5-89.3 67.1-74.4
Level 2 75-78 30 93.8-98.3 78.2-81.9
Level 3 81-84 30 102.9-107.5 85.6-89.6

aBED =no. of fractions x dose per fraction x [1 + (dose per fraction/[a/B])], where no. of fractions is 30 and a/f is 10
bEQDz =BED /{1 + [2/(a/B)]}

c . . .
SIBV, simultaneous integrated boost volume = gross tumor volume + 5-mm margin
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Table 2

Patient, disease, and treatment characteristics

Characteristics Value or No. (%)

Number of Patients
SIBV Dose Level 1 (72 Gy or CGE) 9
SIBV Dose Level 2 (78 Gy or CGE) 6

Age, years
Median (range) 67 (49-82)
Sex
Male 7 (47)
Female 8 (53)
Disease Stage
1A 2 (13)
1B 1
A 5 (33)
B 6 (40)
Recurrence 1(7)

Tumor Histology

Adenocarcinoma 8 (53)
Squamous cell carcinoma 5(33)
NSCLC, NOS 2(13)

Gross Tumor Volume, cm3
Median (range) 72.45 (18-392.8)
Planning Target Volume, cm?

Mean (range) 511.1 (56.4-1390.3)
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Patient overall survival, treatment dose arm, mean heart dose, mean lung dose

Table 3

Patient  Overall Treatment Mean Mean
Survival Dose Arm Heart Dose  lung dose
(months)

1 47.4 IMPT 72 CGE 2.5 CGE 0.3 CGE
2 38.6 IMPT 72 CGE 13.9 CGE 1.3CGE
3 30.0 IMPT 72 CGE  15.2 CGE 10.1 CGE
4 38.3 IMPT 78 CGE  17.1 CGE 7.5CGE
5 319 IMPT 78 CGE 8.5 CGE 4.3 CGE
6 25.0 IMPT 78 CGE  12.7 CGE 4.0 CGE
7 322 IMPT 78 CGE 9.6 CGE 2.4 CGE
8 4.3 IMPT 78 CGE 15.0 CGE 25CGE
9 13.0 IMPT 78 CGE  19.0 CGE 9.8 CGE
10 24.1 IMRT 72 Gy 15.7 Gy 10.1 Gy
11 253 IMRT 72 Gy 7.3 Gy 4.2 Gy
12 24.3 IMRT 72 Gy 9.8 Gy 0.7 Gy
13 24.7 IMRT 72 Gy 48 Gy 0.3 Gy
14 9.6 IMRT 72 Gy 20.8 Gy 11.6 Gy
15 7.4 IMRT 72 Gy 16.1 Gy 10.1 Gy
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