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Objective: In elderly patients with stage IIB–IV nonsmall cell lung cancer who cannot tolerate 

chemotherapy, conventionally fractionated radiotherapy is the treatment of choice. We  present 

our experience with hypofractionated stereotactic body radiation therapy (SBRT) in the treatment 

of this patient population.

Methods: Thirty-three patients with a median age of 80 years treated with fractionated SBRT 

were retrospectively analyzed. Most patients were smokers and had preexisting lung disease and 

either refused treatment or were ineligible. A median prescribed dose of 40 Gy was delivered to 

the prescription isodose line over a median of five treatments. The majority of patients (70%) 

did not receive chemotherapy.

Results: With a median follow-up of 9 months (range: 4–40 months), the actuarial median 

overall survival (OS) and progression-free survival were 12 months for both. One year actuarial 

survival outcomes were 75%, 58%, 44%, and 48% for local control, regional control, progression-

free survival, and OS, respectively. Increased volume of disease was a statistically significant 

predictor of worse OS. Three patients developed a grade 1 cough that peaked 3 weeks after 

treatment and resolved within 1 month. One patient developed grade 1 tracheal mucositis and 

three patients developed grade 1 pneumonitis. Both resolved 6 weeks after treatment. Three 

patients died within the first month of treatment, but the cause of death did not appear to be 

related to the treatment.

Conclusion: Hypofractionated SBRT is a relatively safe and convenient treatment option for 

elderly patients with inoperable stage IIB–IV nonsmall cell lung cancer. However, given the 

small sample size and the heterogeneity of the patient population, larger studies are needed 

before adopting this treatment option into clinical practice.

Keywords: stereotactic body radiation therapy, CyberKnife, stage IIB, stage IIIA, stage IV, 

nodal, chemotherapy

Introduction
Radiotherapy, alone or combined with chemotherapy remains the most commonly 

used modality for the treatment of locally advanced (LA) nonsmall cell lung cancer 

(NSCLC).1 In the positron emission tomography (PET) staging era, concurrent chemo-

radiation (cCRT) has become the standard of care in treating LA NSCLC with median 

survival rates of approximately 21 months.1 However, many patients are not suitable 

for this treatment based on poor performance status and comorbidities. Sequential 

chemoradiation (CRT) is an alternative modality, although a meta-analysis of cCRT 
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versus sequential CRT has shown that concurrent treatment 

results in decreased locoregional progression and an absolute 

overall survival (OS) benefit of 5.7% at 3 years and 4.5% at 

5 years.2 In elderly patients and those with comorbidities, data 

are lacking as these patients are generally deemed ineligible 

for inclusion in clinical trials with cCRT.3 Elderly patients, 

who constitute approximately two-thirds of NSCLC cases,4 

generally have decreased tolerance to aggressive cancer 

treatments and an increased incidence of toxic effects.3 The 

convenience of administering the treatment over a course of 

5 days is also very appealing to those who perceive the pro-

longed treatment course of the conventional approach as a 

major challenge to treatment delivery.

Hypofractionated radiotherapy (RT) has been attempted 

as a means to substantially shorten the course of treatment, 

thus providing rapid symptom relief, convenience to patients, 

and opportunities for efficient resource utilization.5–7 Results 

from earlier trials, however, have been conflicting on whether 

it is an improvement over standard palliative fractionation.5 

In a study aimed at examining the experience with hypo-

fractionated RT for the palliation of stage III and IV NSCLC, 

severe adverse effects were shown by a large proportion of 

cases involving the skin, soft tissues of the chest wall, and 

lungs (55.5%).5 However, a landmark study that compared 

three different fractionation regimens showed equivalent 

survival outcomes for stage IIIB NSCLC without an increase 

in adverse toxicity.6

Recent advances in radiation delivery techniques, which 

provide highly conformal dose distributions, have yielded 

better tolerance as they have been more radiobiologically 

forgiving with respect to hypofractionation.7 A new genera-

tion of machines including the CyberKnife® (CK) system 

allows for accurate dose delivery to the planned target volume 

(PTV) while avoiding the organs at risk.8 The goal of this 

study is to retrospectively review the safety profile of using 

hypofractionated CK-based radiation therapy for medically 

inoperable elderly patients with stage IIB–IV lung cancer who 

are otherwise ineligible for conventional treatment.

Methods
eligibility
After research ethics board approval was obtained, all patients 

with a diagnosis of clinically staged IIB-IV NSCLC (per the 

American Joint Committee on Cancer staging manual, 7th 

edition) treated between 2009 and 2012 with either defini-

tive or palliative intent hypofractionated RT at the Virginia 

Hospital Center were identified. All patients had a histologi-

cally confirmed diagnosis of NSCLC, and all had available 

a medical history; a physical examination; computed  

tomography (CT) imaging of the chest, abdomen, and pelvis; 

PET scan and brain magnetic resonance imaging (MRI)/

CT. All patients were determined by thoracic surgeons to be 

medically inoperable. Exclusion criteria included recurrent 

disease, previous irradiation, or a history of surgery. Charts 

were reviewed to determine patterns of disease failure, 

 toxicity (as defined by the Common Terminology Criteria 

for Adverse Events, version 4.3), and outcomes.

Treatment planning
Most patients (75%) received fiducial placement for real-time 

image guidance, as previously described.8 Fiducial placement 

was done as we have previously described.9 For lesions that were 

adjacent to, and did not move independent of the spine (25%), 

spinal tracking that uses spine bony landmarks (X-Sight™) was 

utilized instead.8 Fine-cut (1.25 mm) CT with intravenous con-

trast was used for targeting and treatment planning. The gross 

tumor volume (GTV) was generally drawn using CT pulmonary 

windows. However, a soft tissue window with contrast was 

sometimes used to avoid inclusion of adjacent vessels, atelecta-

sis, or mediastinal or chest wall structures within the GTV. PET/

CT fusion was done on all patients, and PET data were used in 

defining the GTV. An additional margin of 5 mm was added 

to the GTV to constitute the PTV, but adjustments were made 

by the treating physician based on tumor location, proximity 

of critical structures, and tumor motion during treatment. For 

patients treated with palliative intent, only tumors within the 

chest were targeted for radiation planning. The following critical 

structures were contoured: spinal cord; esophagus; brachial 

plexus; heart; trachea and proximal bronchial tree; proximal 

trachea; whole lung; and skin. As a general rule, prescription 

doses were dictated by the tolerance of surrounding structures, 

which were in accordance with the American Association of 

Physicists in Medicine (AAPM) Task Group 101.10

radiosurgery dosimetry
Three-dimensional noncoplanar beam arrangements were 

custom designed for each case to deliver highly conformal 

prescription dose distributions. Treatment conformity was 

determined in all patients using the new conformity index, 

which was calculated by the following formula:2

Treatment volume × prescription isodose line 
 /(volume of target covered by prescription isodose line). 

 (1)

Generally, more beams were used for larger lesions. As 

such, prescription lines covering the PTV were typically 
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around 80% but they ranged between the 60%–90% line 

rather than the more traditional 95%–100% line. Treatment 

homogeneity was sacrificed for conformality, and higher 

isodoses were manipulated to occur within the target and 

not in adjacent normal tissue. Up to 20% of treatment inho-

mogeneities were accepted within the tumors, especially 

for larger lesions. In other words, risk adaptive RT was 

used, whereby the selective boosting of tumor volumes was 

accomplished without violating normal tissue complication 

constraints using information from functional imaging. 

Biologically effective dose (BED) was calculated using the 

following formula:

 BED = nd (1 + d/α/β), (2)

where n is the number of fractions and d is the dose per frac-

tion, and using an α/β ratio of 10 for acute reacting tissues 

such as lung.

Follow-up and statistical analysis
Clinical examinations and PET/CT imaging were performed 

at 3-month follow-up intervals from the end of treatment. 

Progression-free survival (PFS) was defined as the time from 

the first day of stereotactic body radiation therapy (SBRT) 

treatment to local, regional, or distant failure or to the last 

follow-up in living patients without evidence of recurrence 

or progression. Local control (LC), local failure, regional 

failure, and distant failures were defined as previously 

described.11 Patients were censored at the time of death. 

OS was the time from SBRT treatment until death or the 

last follow-up. Interpretation of available fludeoxyglucose 

(FDG)-PET/CT, and CT scans with correlative clinical exam-

inations were used to assess the response of the treated lesion 

3 months after SBRT. All of our follow-up was reviewed in 

an interdisciplinary tumor board format in the presence of 

board certified radiologist and a nuclear medicine physician 

and a consensus agreement for clinical decision making. In 

general, the PET interpretation by our nuclear medicine phy-

sicians closely followed what had been reported previously,12 

whereas the CT definition of locoregional failure mirrored 

published criteria.13

Log–rank tests and Cox regression models were used to 

evaluate the association between clinical factors and each 

survival outcome. The independent variables considered 

were stage (IIB, IIIA, IV), intent (curative, palliative), meta-

static status (yes, no), sex (male, female), BED (,100 Gy, 

.100 Gy), chemotherapy (yes, no), nodal status (,N2, 

$N2), age in years, GTV in cubic centimeters (cc), SBRT 

dose in Gy, smoking in number of pack years, and  Karnofsky 

performance status. Kaplan–Meier plots are presented 

for selected significant factors. Acute toxicities examined 

included fatigue, chest pain, shortness of breath, cough, 

hemoptysis, wheezing, and esophagitis that occurred during 

treatment or within the first 2 weeks following the end of 

treatment. Radiation pneumonitis was examined as long-term 

toxicity in all patients. Analyses were performed in SAS ver-

sion 9.2 (SAS Institute Inc., Cary, NC, USA).

Results
Patient characteristics
A total of 81 patients and 99 lesions with stage IIB–IV 

NSCLC were treated at our institution. Patients with recur-

rent tumors who were reirradiated and those who received 

hypofractionated SBRT as a means of dose escalation were 

excluded from the analysis, leaving a total of 38 patients. 

Five patients were further excluded from the analysis. Two 

patients did not have a biopsy proven tumor, two patients had 

no follow-up information, and one had no PET CT. A total 

of 33 patients with stage IIB–IV NSCLC were therefore 

included in this study. Baseline patient and disease character-

istics are listed in Table 1. Median patient age at the time of 

treatment was 79 years (range: 65–100 years) for all patients, 

with 24% males and 76% females. The majority (88%) of the 

patients were smokers, with a median Karnofsky performance 

 status of 70, and 85% had a diagnosis of chronic obstructive 

pulmonary disease (COPD). The histology varied between 

squamous (51%), adenocarcinoma (33%), and nonspecified 

NSCLC (15%). Forty-two percent of patients had metastatic 

disease, while 33% had stage IIIA, and 24% had stage IIB 

disease. Fifty-eight percent of the patients were treated with 

Table 1 Patient characteristics

age (median; range) (79 years;  
65–100 years)

KPs (median; range) (70; 50–100)
sex (male; female) (24%; 76%)
smoker (yes; no) (median; range) (88%; 12%)  

(50; 0%–110%)
histology (adenocarcinoma; squamous; nsCLC) (33%; 51%; 15%)
Clinical stage (iiB; iiia; iV) (24%; 33%; 42%)
n stage (0; 1; 2; 3) (51.5%; 9.1%; 

36.4%; 3.0%)
Metastatic disease (M0; M1a; M1b) (58%; 15%; 27%)
Maximum diameter in cm (mean; median; range) (3.9; 3.6; 1.1–7.2)
Volume in cc (mean; median; range) (88.1; 88.8; 76–220)
Tumor location (upper; lower; right; left; 
paratracheal lymph node)

(74%; 26%; 58%; 
36%; 6%)

Tumor location (central; peripheral) (42%; 58%)

Abbreviations: KPs, Karnofsky performance status; nsCLC, nonsmall cell lung 
cancer.
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curative intent and all had M0 disease. Forty-two percent 

were treated palliatively and none of the patients with meta-

static disease were treated with a curative intent. However, 

58% of the patients without metastatic disease (M0 patients) 

were treated with palliative intent. The majority (51%) of all 

patients treated had N0 disease with a median tumor volume 

of 88.1 cc. Most of the tumors were located peripherally in 

the right upper lobe (Table 1).

For all participants, 42% had metastatic disease, while 

33% had stage IIIA, and 24% had stage IIB disease. For 

the 58% (19) of the patients who were treated with curative 

intent, 42% were stage IIB and 58% were stage IIIA. While 

the majority (51%) of all patients treated had N0 disease, 

most of those treated with curative intent had N2 disease 

(48%). The median tumor volume was 88.1 cc for all tumors 

and 108.5 cc for those treated with curative intent. Most of 

the tumors were located peripherally in the right upper lobe 

(Table 1).

Treatment characteristics
A median prescribed dose of 40 Gy was delivered to the 

prescription isodose line over a median of four 1–2 hour 

treatments over 5–10 days (median: 7 days). The median 

BED10 was 77.8 Gy (range: 42.62–132 Gy). On average 

(mean and median), approximately 95% of the target vol-

ume (PTV) was conformally covered by the prescription 

isodose line (range: 75%–99.85%). The median conformity 

index was 1.50 (range: 1.19–2.52). The median percent of 

the total lung volume receiving 15 Gy or more was 6.5%. 

The majority of patients (70%) did not receive chemotherapy. 

For patients who received chemotherapy or targeted agents, 

a minimum of 2 weeks was allowed prior to the initiation of 

radiation therapy in relation to chemotherapy administered 

either adjuvantly or neoadjuvantly. For bevacizumab-based 

chemotherapy, a minimum of 1 month was required on either 

end of treatment.

Clinical outcomes and prognostic factors
The median follow-up was 9 months (range 0–40 months) 

with a median OS of 12 months and a median PFS of 12 

months. The median time LC was not reached. The actuarial 

1-year OS, PFS, LC, regional control (RC), and distant con-

trol rates were, 48%, 44%, 75%, 58%, and 70%, respectively 

(Figure 1). The pattern of failure differed by treatment intent. 

For those treated with curative intent, the predominant pat-

tern of failure was locoregional with actuarial local and RC 

rates of 64%. For those treated palliatively, the failure rates 

were evenly distributed between regional and distant, with 

actuarial RC and distant control rates of 68%. Univariate 

analysis showed treatment volume to be a statistically sig-

nificant predictor of OS, with those below the median level 

of 88.8 cc predictive for improved OS (hazard ratio =3.03; 

95% confidence interval =1.23–7.81; P=0.02) (Figure 2). 

While our analysis shows stage of disease to be predictive 

of OS, a comparison of all stages showed that stage IIB had 

superior outcomes compared to stage IV, but even worse 

survival outcomes for stage IIIA (P=0.05). For stages IIB, 

IIIA, IV, the respective actuarial 1-year OS rates were 40%, 

60%, and 85% with a corresponding median OS of 9 months, 

14 months, and 21 months. The difference between the groups, 

however, disappears on multivariate analysis after controlling 

for volume of disease.

Toxicity
Since the majority of the patients (85%) had COPD at base-

line, toxicity was focused on evaluating new problems or 

exacerbation of their baseline problems. Three patients devel-

oped grade 1 cough. Generally, the cough surfaced during the 

week of treatment, peaked within 3 weeks, and resolved within 

4 months after treatment. One patient developed tracheal 

mucositis from fiducial placement during bronchoscopy that 

resolved prior to starting  treatment. Another patient developed 

grade 1 tracheal mucositis 2 weeks following treatment, but it 

had resolved by the 3-month follow-up. Three patients devel-

oped grade 1 pneumonitis. This was reported on their 4-week 

follow-up and was resolved by their 6-week follow-up. There 

were two other cases of pneumonia reported, but it was not 

clear whether the etiology was related to radiation treatment. 

One patient was admitted with bacterial pneumonia 2 months 

following treatment. Another patient was admitted with a 

diagnosis of Candida albicans 9 months following treat-

ment. Only one patient developed grade 2 dyspnea appear-

ing toward the end of her treatment, with a peak at about 1 

month post-treatment and resolving by the 4-month follow-up 

visit. One patient developed grade 1 new onset pleuritic 

pain that resolved by the 3-month follow-up. Three patients 

died approximately within the first month of treatment. The 

cause of death was uncertain for all three. One patient was 

an 82-year-old female who was being treated for a T3N2M0  

tumor for squamous cell carcinoma of the right upper lobe 

with poor performance status; this patient was deemed ineli-

gible for chemotherapy. She had reported chest pain while on 

treatment that self-resolved. She was eventually discharged 

to a hospice and died 42 days posttreatment. The two other 

patients were treated palliatively and had an established diag-

nosis of metastatic disease.
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Discussion
The standard treatment for LA lung cancer is cCRT.14,15 

However, many patients cannot tolerate the regimen because 

of its toxicity.3 Sequential chemotherapy followed by RT is 

used in these situations with good outcomes.16 For patients 

who cannot tolerate the use of any chemotherapy because 

of comorbid conditions, radiation therapy alone is used.1,3 

Hypofractionated regimens consist of fewer fractions with 

higher doses per fraction.7 Not only do large fractions offer 

the added convenience of shortened treatment course for 
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elderly and/or debilitated patients, but large fractions may 

improve disease control by obtaining a higher biological 

 effectiveness. The potential tumor doubling time, an indica-

tor of the proliferation rate, has been found to have a median 

value of 7 days for NSCLC and has been shown to have prog-

nostic significance for this disease.17,18 Employing a shortened 

regimen in the case of rapidly repopulating tumors, which 

can be achieved with hypofractionation, would therefore be 

 beneficial.17  Hypofractionated radiation therapy is also based 

on the concept that the accelerated repopulation of tumor 

cells that increases later in the course of treatment could 

diminish the potential benefits of dose escalation in standard 

fractionation.1,19,20 A recent review of published clinical data 

for NSCLC patients treated with standard RT, continuous 

hyperfractionated accelerated radiation therapy, or hypofrac-

tionated regimens found best outcomes for hypofractionated 

RT (overall treatment time of ,6 weeks) in terms of 2-year 

disease-free survival compared to continuous hyperfractioned 

accelerated radiation therapy or prolonged conventionally 

fractionated treatments, converting the prescribed dose to 

BED, with a correction for repopulation.21 No clear correla-

tion was observed between the dose delivered to the tumor 

and toxicity rates (pneumonitis/esophagitis).21 Also, low 

toxicity rates were reported for hypofractionated RT, which 

means that dose escalation can be conducted safely.21

Multiple retrospective analyses using hypofraction-

ated RT for stage IIB–IV NSCLC have been published. 

Slotman et al6 retrospectively compared three hypofraction-

ated schemes for the treatment of unresectable NSCLC 

(stage IIIA–IV) (40 Gy split course; 30–32 Gy in six frac-

tions, or 24 Gy in three fractions) and demonstrated that a 

split-course treatment regimen of 40 Gy had improved OS 

and lowered local relapse rates in stage IIIA NSCLC patients, 

but not in patients with stage IIIB–IV disease. Kepka et al22 

performed a dose escalation study in which patients were 

initially treated with a 4-week course (21 days) at 56.7 Gy 

(2.7 Gy per fraction), and gradually escalated to a mean dose 

of 60.9 Gy in 21 days (2.9 Gy per fraction). Fifty patients 

received induction chemotherapy for 2–3 cycles. The median 

survival was 17 months, and the 2- and 3-year OS rates were 

32% and 19%, respectively.22 A recently published analysis of 

a large retrospective series comparing two standard fraction-

ation regimens to an accelerated hypofractionated regimen 

given in 45 Gy over 3 weeks showed tolerable toxicity and 

no difference in survival outcomes between the groups after 

adjusting for confounding variables.23

Currently, only a few studies have investigated the effi-

cacy and tolerance of hypofractionated radiation schedules 

in LA NSCLC. These studies demonstrated acceptable 

LC and toxicity rates after hypofractionated RT based on 

a three-dimensional conformal radiation therapy planning 

system.24–26 Patients in these trials were younger patients 

with better performance status, and a significantly larger 

percentage of patients were able to receive chemotherapy. In 

another study that focused on elderly patients but included 

both stage I and stage II disease, hypofractionated RT resulted 

in good survival outcomes and tolerable toxicity.27

The adoption of a smaller irradiated volume in hypofrac-

tionated treatment for stage IIB–IV NSCLC is accomplished 

by greater setup precision. SBRT with real-time fiducial 

tracking combined with the use of FDG-PET/CT for the 

identification of nodal volumes and treatment-resistant areas 

in the tumor allow for high precision delivery of hypofrac-

tionated therapy for LA lung cancer.28 It is important to 

emphasize the importance of PET in this setting as SBRT 

to PET-positive tumor areas increases RT dose for locore-

gional control because of the high biologically equivalent 

dose achieved with SBRT without increasing toxicity. Since 

the lung is considered a parallel organs at risk, high dose to 

small areas are possible as tissue can tolerate loss to part of 

their structure and continue to function.17 Hypofractionated 

SBRT allows for patient-specific margins and a reduction 

in the exposure of normal tissue to radiation, leading to the 

treatment of patients who were previously not suitable for 

radical treatment and potential dose escalation.

The hypofractionated SBRT system with real-time fidu-

cial tracking in patients with LA NSCLC has been reported 

in a previous publication. Lv et al29 retrospectively analyzed 

survival outcomes of 34 histologically proven NSCLC tumors 

that were treated with CK with a total dose of 35–60 Gy given 

in 2–5 fractions. At an unspecified median follow-up period, 

the response rate and disease control rates were reportedly 

58% and 81%, respectively, with negligible toxicity. The 

majority of their patients were younger and had received 

 chemotherapy.29 Even in elderly patients with LA NSCLC, the 

addition of chemotherapy given sequentially has been shown 

to be superior to RT alone in a recent Phase III randomized 

clinical trial.16,30 Nevertheless, our results are comparable. 

The 1-year PFS for all patients in our cohort was 44% with 

a median time to progression of 12 months. The 1-year LC 

rate was 75%, and none of those with metastatic disease 

failed locally. Tumor volume was considerably smaller in the 

palliative intent group and the majority of those patients had 

also received chemotherapy, both of which could bias the LC 

data. On univariate analysis, tumor volume over the median 

value of 88.8 cc was predictive of poor OS.
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Conclusion
The majority of patients with LA NSCLC, particularly elderly 

patients with multiple comorbid medical conditions, are not 

suitable for the gold standard treatment of cCRT; therefore, 

novel strategies integrating RT technological advances 

and radiobiological knowledge need to be evaluated. 

Hypofractionated SBRT allows individualized radiation dose 

escalation based on normal tissue constraints and overall 

shorter treatment time. Our results show promise for using 

hypofractionated CK-based SBRT for elderly patients who 

are ineligible for standard treatment, or for those with mul-

tiple comorbid medical conditions. Given the retrospective 

nature of the analysis, the small sample size, and the hetero-

geneity of the patient population, the conclusions can only 

be limited by the safety of the application of this procedure. 

Even then, toxicity data are limited by the short and some-

times poor follow-up. This is particularly relevant as toxicities 

from SBRT are usually of late onset.  Additionally, the lack 

of clear cutoff values post-treatment SUVpeak (or SUVmax) 

that could be identified for use in clinical decision making 

or follow-up31 underscore the limitation of using PET as 

a biomarker for treatment response. Until there are clear 

guidelines that dictate what SUVmax cutoff values to use in 

clinical practice, the conclusions should be interpreted with 

caution, and future studies with increased sample size, longer 

follow-up, and a less heterogeneous population are warranted 

before routinely incorporating this treatment modality into 

clinical practice.
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