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Abstract

Purpose/Objective(s): To present long-term results of RTOG 0915/NCCTG N0927, a 

randomized lung stereotactic body radiotherapy (SBRT) trial of 34 Gy in 1 fraction versus 48 Gy 

in 4 fractions.

Materials/Methods: This was a phase II multicenter study of medically inoperable non-small 

cell lung cancer patients with biopsy-proven peripheral T1 or T2 N0M0 tumors, with 1-year 

toxicity rates as primary endpoint and selected failure and survival outcomes as secondary 

endpoints. The study opened in September 2009 and closed in March 2011. Final data were 

analyzed through May 17, 2018.

Results: Eighty four of 94 patients accrued were eligible for analysis: 39 in arm 1 and 45 in arm 

2. Median follow-up time was 4.0 years for all patients, and 6.0 years for those alive at analysis. 

Rates of grade 3 and higher toxicity were 2.6% in arm 1 and 11.1% in arm 2. Median survival 

times (in years) for 34 Gy and 48 Gy were 4.1 vs. 4.6, respectively. Five-year outcomes as % (95% 

CI) for 34 Gy and 48 Gy were: primary tumor failure rate of 10.6 (3.3, 23.1) vs. 6.8 (1.7, 16.9); 

overall survival of 29.6 (16.2, 44.4) vs. 41.1 (26.6, 55.1); and progression-free survival of 19.1 

(8.5, 33.0) vs. 33.3 (20.2, 47.0); respectively. Distant failure as the sole failure or a component of 

first failure occurred in 6 patients (37.5%) in the 34 Gy arm and in 7 (41.2%) in the 48 Gy arm.

Conclusions: No excess in late-appearing toxicity was seen in either arm. Primary tumor control 

rates at 5 years were similar by arm. Median survival times of 4 years for each arm suggest similar 

efficacy pending any larger studies appropriately powered to detect survival differences.

Keywords

SBRT; early stage; medically inoperable; fractionation; long term follow up

Introduction

Lung stereotactic body radiation therapy (SBRT), also known as stereotactic ablative 

radiation therapy, is a curative noninvasive treatment for medically inoperable early stage 

non-small cell lung cancer and involves delivery of very high radiation doses per fraction to 

small (ie,☒5 cm) discrete targets in the lung without regional micrometastatic spread (ie, 

without nodal involvement) over few sessions (typically <5).1 A range of SBRT dose/

fractionation schedules has been described such that no single regimen has been established 

as standard. RTOG 0915/NCCTG N0927 (ClinicalTrials.gov Identifier: NCT00960999) was 

a phase 2 randomized study that prospectively evaluated 2 dose/fractionation schedules (34 

Gy in 1 fraction vs 48 Gy in 4 fractions) to determine whether at 1 year, 1 of them might 

result in less toxicity while maintaining excellent primary tumor control. The results of this 

study2 were that 34 Gy in 1 fraction met the prespecified criteria with respect to adverse 
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events (AEs) and primary control and therefore was selected as the appropriate regimen for 

planned future trials.

Patients enrolled to RTOG 0915/NCCTG N0927 continued to be followed for tumor control, 

toxicity, and survival after the initial publication. In the present report, which is an 

exploratory (ie, noneprotocol specified) analysis, we describe long-term results specifically 

to understand how potential late events may influence the understanding of each of these 

SBRT schedules on outcomes in this vulnerable population with lung cancer.

Methods

Patient Eligibility

Detailed eligibility is provided in the previous report(2) but in summary, patients enrolled in 

this study were 18 years of age or older with a Zubrod performance status score of 0 to 2, 

judged medically inoperable per protocol-specified criteria, and with early-stage, 

histologically proven NSCLC defined as American Joint Committee on Cancer (AJCC) 6th 

edition(3) T1 to T2 (≤5 cm) N0M0 after staging by computed tomography (CT) and positron 

emission tomography (PET) studies. Tumors had to be characterized as “peripheral” per 

RTOG 0236(4). All patients were required to sign informed consent before being registered 

on the study.

Treatment planning and delivery

The gross tumor volume (GTV) was outlined on pulmonary CT windows. No additional 

margin was added for possible microscopic extension (i.e., GTV=CTV). The planning target 

volume (PTV) definition depended on the method of CT simulation:

• Four dimensional CT (4DCT) simulation: an internal target volume (ITV) around 

the GTV, accounting for tumor motion as defined from the 4D CT dataset, was 

expanded uniformly by 0.5-cm margin uniformly to generate the PTV;

• Non-4DCT simulation: the PTV included the GTV plus an additional 0.5-cm 

margin in the axial plane and a 1.0-cm margin in the longitudinal plane 

(craniocaudal).

Patients were randomized to one of two dose/fractionation schemes (arms 1 or 2). Patients 

on arm 1 received 34 Gy in 1 fraction whereas patients on arm 2 received 4 fractions at 12 

Gy per fraction, for a total dose of 48 Gy given over 4 consecutive days. Image guidance 

capable of confirming the position of the target with each treatment was required. Planning 

requirements including tumor coverage and normal tissue dose constraints are described in 

the previous report(2).

Institutional review and accreditation

Prior to enrollment of any patients, the institutional review board for a treatment center was 

required to review the trial and provide approval for conducting the study. For the purposes 

of lung SBRT planning and delivery, central credentialing standards for protocol 

participation were defined by the **** Consortium (ATC), and this included irradiation of a 

standard chest phantom (supplied by the Radiologic Physics Center, Houston, TX). All sites 
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were also required to obtain central approval of their methods of immobilization, motion 

assessment and control, and target verification if IMRT was to be used. When a center 

enrolled its first patient on the trial, central review of the target, normal structure contouring, 

and dosimetry by the primary investigator or other radiation oncology co-chair was required 

before treatment delivery and was facilitated by the Image Guided Therapy QA Center at 

Washington University, St. Louis, Missouri, to ensure that protocol planning criteria had 

been met.

Follow-up and endpoints

Patients were seen 6 and 12 weeks after SBRT, then every 3 months for 2 years, every 6 

months for next 2 years, and annually thereafter. Comprehensive interval history and 

physical examination were required at each follow-up visit. Imaging of the chest by CT scan 

was required at each visit, starting at the 12-week follow-up visit to assess response and 

toxicity. Follow-up PET scans were recommended for all patients 1 year after SBRT to 

assess response. Pulmonary function tests (FEV1, DLCO) were conducted at the 12-week 

visit and then every 6 months for the next 5 years after treatment. Tumors were measured at 

each follow-up visit using the Response Evaluation Criteria in Solid Tumors (RECIST), and 

response was graded according to the international criteria proposed in the RECIST 

Guideline version 1.1(5). Response criteria were not limited to CT assessment but were 

augmented by PET, biopsy, or both when primary tumor failures or marginal failures were 

scored. The primary endpoint of the study was the rate of grade 3 or higher adverse events at 

1 year that were pre-specified in the protocol; they included cardiac, gastrointestinal, 

fracture, skin, thoracic, and neurologic disorders. The National Cancer Institute’s Common 

Terminology Criteria for Adverse Events version 4.0 was used for grading adverse events. 

Pulmonary function disorders, however, were scored according to the RTOG 0236 

schema(4). Secondary endpoints included assessment of primary tumor control, PFS and OS 

at 1 year, assessment of changes in fluorodeoxyglucose (FDG) standardized uptake values 

(SUV) on PET as a measure of treatment response and outcomes, pulmonary function 

changes by treatment arm and response, and associations between biomarkers and primary 

tumor control (PC) and/or grade ≥2 radiation pneumonitis.

Statistical methods

The primary endpoint of the original study was the rate of grade ≥3 protocol-specified 

adverse events (psAEs) at 1 year in each arm. Either study arm was considered promising 

for further study if the rate of non-psAEs by 1 year exceeded 95% (i.e. the rate of psAEs 

<5%), and any regimen with a rate of non-psAEs <83% (rate of psAE >17%) was deemed 

unsafe. The details of sample size justifications may be found in the initial report(2). 

Primary tumor control (PC) at 1 year was considered as the efficacy endpoint and was 

defined in the initial report(2). PC was calculated as the proportion of analyzable patients at 

1 year (excluding those who died without primary failure) who did not have primary tumor 

failure (local or marginal). Each experimental regimen was evaluated independently, and a 

regimen was considered for further evaluation only if both the rate of psAEs <5% (based on 

the aforementioned 2-stage design) and 1-year PC was ≥90%. If both regimens met both 

criteria, then the regimen with the lower rate of psAEs would be selected. Analyzable 

patients were eligible patients who received any protocol treatment and were potentially 
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followed up for at least 1 year. Overall survival (OS) was defined as the time from 

registration to date of death (from any cause). Progression-free survival (PFS) was the time 

from registration to death from any cause, primary failure, involved node failure, regional 

failure, distant metastasis, or second primary, whichever occurred first. OS and PFS were 

estimated using the Kaplan-Meier method. A 2-sided significance level of .05 was used 

throughout in the original report. Statistical comparisons of these outcomes were not carried 

out in analyzing long-term follow up results since this was not part of the original design of 

the study.

Results

Patient Characteristics

Between September 2009 and March 2011, 94 patients were assigned equally to both arms. 

A CONSORT diagram is provided in Figure 1. Of these, 84 patients were ultimately eligible, 

39 in arm 1 and 45 in arm 2, after 10 cases were excluded for the following reasons by the 

34-Gy (n=8) and 48-Gy (n=2) arms, respectively: withdrawal of consent before SBRT in 1 

(12.5%) and 0 (0%), baseline DLCO not evaluated in 2 (25%) and 1 (50%), baseline PET 

not per protocol in 1 (12.5%) and 0 (0%), baseline PFTs not per protocol in 0 (0%) and 1 

(50%), tumor location not per protocol 2 (25%) and 0 (%), and did not receive protocol 

treatment in 2 (50%) and 0 (0%) patients. This analysis used all data received RTOG 0915/

NCCTG N0927 Statistics and Data Management Center through termination of data 

collection on May 17, 2018. Pretreatment characteristics for evaluable patients were 

unchanged from the initial report and are shown in Table 1.

The median follow-up time was 4.0 years (range 0.1–8.0) for all patients, 3.5 years (range 

0.1–8.0) for arm 1 and 4.0 years (range 0.3–7.0) for arm 2. For patients alive at analysis, the 

median follow up time was 6.0 years (range 1.6–8.0) for all patients, 7.0 years (range 3.2–

8.0) for arm 1 and 6.0 years (range 1.6–7.0) for arm 2.

Tumor Response

Comparing arm 1 to arm 2, a complete tumor response was observed in 13 (33.3%) and 19 

(42.2%) patients, and a partial response was seen in 14 (35.9%) and 16 (35.6%) patients for 

arms 1 and 2, respectively. These rates of best observed responses were essentially 

unchanged since the initial report. The number of patients with a recommended PET 

assessment at one year was 23 (59%) and 29 (64%) in the 34 Gy and 48 Gy arms, 

respectively.

Toxicity

The grade 3 and higher treatment-related toxicity profile was unchanged since the previous 

report. At this analysis, one arm 1 patient (2.6%) and five arm 2 patients (11.1%) were 

reported to have experienced treatment-related (definitely, probably, or possibly) grade 3 and 

higher events. With respect to grade 2 or less toxicities compared to the previous report, one 

patient on the 34 Gy arm which had no treatment-related toxicity reported previously had a 

grade 1 AE, and one patient on the 48 Gy arm which had previously had a maximum 

treatment-related AE of grade 1 had since experienced a grade 2 AE. Four arm 2 patients 
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had subsequent grade 3 changes in spirometry. With respect to a selected psAE, there were 

no new reports of grade 3 or higher chest wall-associated toxicity. No new grade 5 psAEs 

were reported with longer follow-up. The supplementary appendix shows all grades of 

reported psAEs by treatment arm.

Patterns of Failure

Table 2 provides details on the patterns of failure. Of note, distant failure as the sole failure 

or a component of first failure occurred in 6 patients (37.5%) in the 34 Gy arm and in 7 

(41.2%) in the 48 Gy arm. Second primary cancers as part of any failure were similar 

between both arms.

Outcomes

Table 3 provides a summary of outcomes of interest. Figures 2 and 3 present PFS and OS 

survival curves by treatment arm. Since the previous report, there have been additional 

failures in all endpoints. Primary tumor failure has been reported in an additional 4 patients 

on the 34 Gy arm for a total of 5 events; the number of events on the 48 Gy arm is 

unchanged. This change is also reflected in the number of events for local failure. Two 

additional patients in the 34 Gy arm have experienced regional failure for a total of 4 events, 

while the number of events in 48 Gy arm is unchanged at 2 events. Four patients in 34 Gy 

arm and 4 patients in the 48 Gy arm have experienced distant failure since the previous 

report, bringing the total number of events to 9 and 10, respectively. Deaths have been 

reported for an additional 13 and 12 patients, respectively bringing the total number of 

deaths to 30 (76.9%) on the 34 Gy arm, and 29 (64.4%) on the 48 Gy arm. Progression-free 

survival events have increased accordingly, to 35 (89.7%) on the 34 Gy arm and 34 (75.6%) 

on the 48 Gy arm. Approximately one third of the patients’ cause of death was unknown, 

and another third was related to causes other than cancer or the treatment under study.

Discussion

RTOG 0915/NCCTG N0927 was a prospective, randomized phase II trial that evaluated two 

lung SBRT dose/fractionation schedules in medically inoperable, peripherally located early-

stage lung cancer patients. Using a primary endpoint of grade 3 or higher toxicity rates at 

one year after therapy and then matching those results to the rates of local control achieved 

by each regimen, 34 Gy in one fraction emerged as the more favorable arm for future study 

when compared to 48 Gy in 4 fractions because it had the least toxicity for equal efficacy of 

the two regimens. At the time of its first publication in 2015, the median follow up time for 

the patients accrued to the study was 30.2 months.

Given that published lung SBRT experience dates back only approximately 20 years and 

involves few reports that are prospective studies, there is a strong interest in understanding 

long-term outcomes and toxicity that can be derived from SBRT clinical trials long after 

completion of their protocol therapy. These long-term analyses are particularly valuable 

because their data are prospectively derived and thus help not only in understanding cancer 

control issues, but in identifying potential late toxicities that might impact the medically 

vulnerable population that is being treated with SBRT. For example, long-term results from 
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RTOG 0236, the first multi-center cooperative group prospective trial in lung SBRT in North 

America, were presented in abstract form at ASTRO 2014(6) after a median follow up of 4 

years, compared to their initial publication in 2010 after a median follow up of 34.4 

months(4). Inasmuch as the same principles apply to a long-term analysis of RTOG 0915/ 

NCCTG N0927, its results are of specific interest since they can also provide insights into 

single-fraction SBRT outcomes which have not till now been described in the literature.

Since toxicity was the primary endpoint of the original study, the first important finding in 

the current report is the stability of the toxicity profile over time, with the proportion of 

grade 3 and higher events remaining stable for both treatment arms and no new grade 4 or 5 

events described. A specific psAE of interest in the first report was the rate of chest wall 

toxicities which did not exceed grade 2 in either arm. This persisted on long-term follow up, 

with no report of late grade 3 or higher chest wall events. Secondly, primary tumor failure 

rates have remained modest with time at around 7% in each arm, with the absolute values for 

each arm being numerically similar, although no statistical comparisons were feasible in this 

analysis. Of note, these PTF results are comparable to the estimated 5-year result of 7.3% 

seen in the long-term RTOG 0236 results(6).

Overall patterns of failure remained similar between arms with time, so that distant failure 

was the dominant such outcome in each arm at a rate of around 30%. This rate echoed once 

again the long term results of RTOG 0236, where the 5-year disseminated failure rate was 

23.6%. The rate of second primary development was proportionally higher in the 48 Gy arm 

but this likely reflects the effect of small numbers of events among a total of 16 patients with 

failure.

With respect to survival outcomes, median OS and PFS were similar in each arm at around 4 

years. Once again, a parallel is seen in the long term results of RTOG 0236 where the 

median survival was also 4 years. The biggest difference between the arms was seen in the 

absolute values for 5-year OS, where the 34 Gy arm was 12% less than the 48 Gy arm. 

Comparisons of survival data at this time point need caution because the study was not 

powered to address this question; the observation could easily be a result of the small 

number of patients remaining in follow up. This drop-off in analyzable patients with time is 

a reminder of the medically vulnerable nature of this population such that patients have 

competing risks of death from their significant medical co-morbidities such as COPD. In 

that respect, a minimum of 1/3 of patients in total had documented non-cancer related deaths 

in this study. This highlights the main interpretative limitation of this randomized study in 

that it was not powered for survival. As noted in the original report on RTOG 0915/NCCTG 

N0927 (2), the appropriate means for establishing the optimal lung SBRT schedule would be 

a phase 3 trial using OS as the primary endpoint.

On the specific question of generalizing the use of single-fraction lung SBRT, this long-term 

follow up report supports the safety and efficacy of this schedule in the management of 

peripheral inoperable lung tumors, and this appears true when compared to both its study 

comparator arm of 48 Gy but also in comparison to the long term results of RTOG 0236. In 

that regard, it can be argued that all three schedules present appropriate choices in the 

management of early stage disease. Defining the “standard” lung SBRT schedule for 
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peripheral tumors would however require prospective testing. In comparison, for tumors 

deemed “central”, the role of single fractions remains ill-defined and not recommended, with 

preliminary reports suggesting toxicity when this schedule is used (7). Additional support 

for single-fraction therapy can be extrapolated from a retrospective study of 65 patients 

comparing single-fraction versus multi-fraction lung SBRT for pulmonary oligometastases. 

Siva et al(8) reported comparable local control, overall survival and toxicity rates between 

single-fraction [26 Gy prescribed for peripheral targets and 18 Gy for central targets] and 

multi-fraction SBRT [48 Gy/4 or 50 Gy/5 for peripheral targets and 50 Gy/5 for central 

targets] treatments in patients with FDG-PET-staged pulmonary oligometastases. More 

recently, the results of a randomized phase II study of 30 Gy in 1 fraction versus 60 Gy in 3 

fractions for medically inoperable early-stage lung cancer initiated by the Roswell Park 

Cancer Institute (RPCI) were presented in abstract form and showed equal toxicity and 

efficacy between the two arms(9): comparing single-fraction to three-fraction treatment, 8 

(16%) and 6 (12%) patients on each arm, respectively, experienced grade 3 thoracic side 

effects. Neither arm had grade 4 or higher respiratory events. There were no differences in 

OS or PFS between arms (log-rank P=0.44 and 0.99, respectively). The RPCI investigators 

also have recently reported on their 8-year retrospective experience comparing the same 

single-fraction versus three-fraction lung SBRT schedules for 159 tumors and found no 

differences in outcomes between them (10). Since outcomes of single-fraction therapy 

appear then to be comparable to fractionated SBRT schedules, patient-specific 

considerations may encourage broader institutional adoption of single fractions for early 

stage peripheral lung cancer. Single-fraction SBRT has been noted to favor patients because 

of its “ease of delivery” (11), while Filippi et al (12) have commented that it use supports 

“high patient compliance [with therapy], lower costs and high feasibility”.

Conclusions

Long term follow up data for RTOG 0915/NCCTG N0927 revealed no excess development 

of late-appearing toxicity in either arm coupled to persistently high rates of local control. 

The median OS of 4 years for each arm suggest similar efficacy between each arm. Single-

fraction therapy remains an appropriate option for treating early stage inoperable lung 

cancer patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Summary

The final result of RTOG 0915/NCCTG N0927, a randomized lung stereotactic body 

radiation therapy trial of 34 Gy in 1 fraction (arm 1) versus 48 Gy in 4 fractions (arm 2), 

was that 34 Gy emerged as the least toxic regimen but was equally efficacious. Long-

term follow-up results show no change by arm in toxicity rates or tumor control with time 

for similar median survivals, supporting the study’s original conclusions.
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Figure 1. 
CONSORT flow diagram for RTOG 0915
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Figure 2. 
Kaplan-Meier estimates of progression-free survival with long term follow up of RTOG 

0915.
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Figure 3. 
Kaplan-Meier estimates for overall survival with long term follow up of RTOG 0915.
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Table 1-

Selected pretreatment patient and tumor characteristics of patients enrolled on RTOG 0915/NCCTG N

34 Gy in 1 fx
(n=39)

48 Gy in 4 fx
(n=45)

Age (years)

 Median (min-max) 75 (57–89) 75 (52–87)

Gender

 Male 16 (41.0%) 22 (48.9%)

 Female 23 (59.0%) 23 (51.1%)

Zubrod Performance Status*

 0 8 (20.5%) 15 (33.3%)

 1 22 (56.4%) 19 (42.2%)

 2 9 (23.1%) 11 (24.4%)

Histology

 Squamous cell carcinoma 9 (23.1%) 16 (35.6%)

 Adenocarcinoma 23 (59.0%) 26 (57.8%)

 Non-small cell lung cancer NOS 7 (17.9%) 3 (6.7%)

Median tumor diameter, cm (min-max)

 Median 2.0 (1–4.98) 2.0 (0.08–4.3)

T Stage

 T1 32 (82.1%) 40 (88.9%)

 T2 7 (17.9%) 5 (11.1%)

Peak SUV (n=38) (n=43)

 Median (min-max) 6.5 (1.0–24.6) 6.3 (1.0–28.0)

FEV1 (1/sec)

 Median (min-max) 1.32 (0.49–2.67) 1.21 (0.37–3.59)

FEV1 (%)

 Median (min-max) 60.0 (17.0–118.0) 54.0 (0.7–121)

DLCO (%) (n=36) (n=45)

 Median (min-max) 49.5 (1.5–93.0) 45.0 (6.2–93.0)
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Table 2

Patterns of failure on RTOG 0915/NCCTG N0927

34 Gy in 1
fraction
(n = 16)

48 Gy in 4
fraction
(n = 17)

Pattern of first failure

 Distant* 3 (18.8%) 7 (41.2%)

 Distant, second primary* 2 (12.5%) 0 (0.0%)

 Local 3 (18.8%) 2 (11.8%)

 Local, regional 2 (12.5%) 1 (5.9%)

 Local, regional, distant* 1 (6.3%) 0 (0.0%)

 Second primary 5 (31.3%) 7 (41.2%)

Pattern of any failure

 Distant† 3 (18.8%) 6 (35.3%)

 Distant, second primary† 2 (12.5%) 2 (11.8%)

 Local 0 (0.0%) 1 (5.9%)

 Local, distant† 1 (6.3%) 1 (5.9%)

 Local, regional 1 (6.3%) 1 (5.9%)

 Local, regional, distant† 3 (18.8%) 0 (0.0%)

 Local, second primary 2 (12.5%) 0 (0.0%)

 Regional, distant† 0 (0.0%) 1 (5.9%)

 Second primary 4 (25.0%) 5 (29.4%)

*
Arm 1: First site(s): 1 patient with bone, other; 1 patient with brain; 4 patients with contralateral lung.

*
Arm 2: First site(s): 1 patient with contralateral lung; 1 patient with contralateral lung, pleura, bone; 2 patients with other; 3 patients with pleura.

†
Arm 1: Any site(s): 1 patient with bone, other; 1 patient with brain; 4 patients with contralateral lung; 1 patient with contralateral lung, brain, 

other; 1 patient with liver; 1 patient with other.

†
Arm 2: Any site(s): 1 patient with brain; 2 patients with contralateral lung; 1 patient with contralateral lung, pleura, bone; 1 patient with 

contralateral lung, pleura, brain; 2 patients with other; 2 patients with pleura; 1 patient with pleura, brain.
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Table 3-

Summary of outcomes with long term follow up of RTOG 0915/NCCTG N0927.

Outcome Measure
34 Gy in 1 fx

Estimate (95% CI)
48 Gy in 4 fx

Estimate (95% CI)

Median OS (years) 4.1 (1.7,4.6) 4.6 (2.5,6.0)

Median PFS (years) 2.6 (1.2,4.1) 2.8 (2.1,4.8)

5 year PTF (%) 10.6 (3.3,23.1) 6.8 (1.7, 16.9)

5 year OS (%) 29.6 (16.2, 44.4) 41.1 (26.6,55.1)

5 year PFS (%) 19.1 (8.5,33.0) 33.3 20.2, 47.0)

5 year Second Primary (%) 15.5 (6.1,28.9) 13.3 (5.3,25.1)

fx=fraction; CI=confidence interval, PTF=primary tumor failure; OS=overall survival; PFS=progression-free survival
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