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Background

Fundamental questions 

Early-stage lung cancer, defined for the purposes of this 
article as <5 cm in maximal diameter and node negative 
(cT2aN0M0 or earlier, and T3N0M0 if due to parietal, 
mediastinal or pericardial pleura involvement), accounts for 
approximately 15-20% of all newly diagnosed lung cancer 
cases (1). Surgery has always been considered the standard 
treatment for patients with early-stage lung cancer. When 
surgery cannot be performed, due to medical reasons such 

as poor pulmonary function, poor performance status, 
medical comorbidities, or patient refusal, alternatives to 
surgery have to be sought. The immediate question that 
arises in this scenario is: ‘what are non-surgical alternative 
treatment modalities and how do the outcomes compare 
to surgery?’ With wider adoption and improving results 
from non-surgical treatment options, another question has 
recently arisen: ‘will any alternative modality threaten the 
position of surgery as the standard of care treatment for 
early-stage non-small cell lung cancer (NSCLC)?’

Before these questions, was a more fundamental one: 
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‘do patients with early-stage inoperable lung cancer need 
upfront treatment, or can they be managed with a watchful 
waiting approach similar to what is used in early-stage 
prostate cancer in medically unfit or elderly patients?’ 
Jeppesen et al. (2) retrospectively compared stereotactic 
body radiation therapy (SBRT) to no treatment in patients 
with medically inoperable T1-2N0 NSCLC. Respectively, 
the mean age was 73 vs. 78 years; the mean tumor size was 
3.2 vs. 3.7 cm; the median overall survival (OS) from the 
date of diagnosis was 40 vs. 9.9 months; the 5-year OS was 
37% and 6%. Among the patients in the untreated group, 
77% died from lung cancer vs. 39% in the SBRT treatment 
group. Multivariate analysis showed that treatment with 
SBRT, performance status and age had a significant 
influence on survival. While there is obvious selection bias 
in a retrospective study such as this, treatment whenever 
possible is clearly beneficial. This brings us back to the 
initial question about the optimal treatment for patients 
with early-stage inoperable NSCLC.

Options for non-surgical treatment of early-stage 
NSCLC

Radiofrequency ablation (RFA)

RFA is a minimally invasive technique employed by 
interventional radiologists. RFA directly damages tumors 
thermally through electromagnetic energy deposition. A 
radiofrequency generator produces an alternating current 
that moves from an active electrode inserted into the tumor 
to dispersive electrodes placed on the surface of the patient. 
This high-frequency electrical current heats and coagulates 
tissue, generating intratumoral temperatures above 60 °C, 
resulting in cell death through protein denaturation and 
coagulation necrosis (3).

Pros and cons  
The main advantage of RFA is it can be performed in an 
outpatient setting under local anesthesia. Lung tumors are 
ideal RFA targets as the damage to surrounding tissues is 
mitigated due to the presence of air, providing an insulating 
effect by allowing rapid heat dissipation. A major limitation 
of RFA is the inability to deliver treatment to targets in 
close proximity to blood vessels larger than 3 mm. This 
proximity causes loss of energy and heat through convection 
into the circulatory system, resulting in less energy delivered 
to the target, the so-called “heat sink effect” (4). Tumor size 
is another limiting factor. Local control (LC) is reduced 

in targets greater than 3 cm. As target volume increases, 
the periphery receives less energy, resulting in potentially 
non-ablative temperatures and reduced LC (5). Also, RFA 
is contraindicated in tumors located within 1 cm of the 
esophagus, trachea, great vessels or mainstem bronchi. The 
most common complications of RFA are pneumothorax, 
hemoptysis, bronchopleural fistula, and rib fracture.

Supportive clinical evidence
 The majority of data regarding the efficacy of RFA in 
the treatment of early-stage primary lung cancer are 
retrospective; many of these reports combined data from 
treatment of both primary lung cancer and metastatic 
tumors to the lung. Looking specifically at early-stage 
primary NSCLC, Beland et al. (6) evaluated 79 patients 
with 79 primary lung tumors treated with RFA. The median 
tumor size was 2.5 cm (range: 1-5.5 cm), median follow-
up was 16 months. LC was 57% with a median disease free 
survival (DFS) of 23 months. Lanuti et al. (7) reviewed 31 
patients with 34 peripheral primary lung tumors (29 T1N0 
and 5 T2N0) with a mean tumor size of 2 cm. After median 
follow-up of 17 months, LC was 68.5%, the 1-, 2- and 3-year 
OSs were 85%, 78% and 47%, respectively; DFS was 57% 
at 2 years and 39% at 3 years; and median DFS was 25.5 
months. Reported complications were pneumothorax in 
13% of patients, pneumonia in 16% and pleural effusion in 
21%.

Outcomes in the treatment of early-stage NSCLC 
using RFA appear to be very dependent on the skill and 
experience of those performing the procedure, but LC rates 
are generally inferior compared to SBRT. In a literature 
review, Bi et al. (8) found that for stage I NSCLC the local 
tumor control rate at 3-year was 55% for RFA and 88% for 
SBRT. However, there was no difference between the two 
modalities in terms of OS, however. More prospective and 
randomized evidence is needed to determine the efficacy 
and role of RFA in the treatment of early-stage NSCLC. 
American College of Surgeons Oncology Group Z4033, a 
phase II trial examining outcomes of high risk patients with 
early-stage NSCLC treated with RFA, is currently closed to 
accrual but data from this study have not yet been reported.

Microwave ablation (MWA)

MWA is a relatively new technique in the treatment of 
lung cancer and similar to RFA, it is typically delivered 
percutaneously under CT-guidance. Unlike RFA, tumor 
cell killing is a result of electromagnetic waves that produce 
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excitation and oscillation of water molecules within the 
tissue surrounding the probe (9). 

Pros and cons 
Potential advantages of MWA compared to RFA include 
enhanced thermocoagulation of tumor cells as a result of 
improved energy deposition in aerated lung, increased 
temperatures within the tumor in a shorter amount of time 
and a larger ablative area. MWA may allow for improved 
treatment of central lesions compared to RFA because 
of minimal heat sink effect associated with surrounding 
vasculature. The most common complications of MWA are 
similar to those of RFA, including risk of pneumothorax, 
post-procedure pain and hemoptysis. 

Supportive clinical evidence
 Unfortunately, despite the potential advantages, the limited 
data about MWA have not shown superior outcomes 
compared to RFA. Wolf et al. (10) published retrospective 
results of percutaneous CT-guided MWA in 82 primary 
and metastatic lung lesions in 50 patients. With a median 
follow-up of 10 months, 1-year LC was 67%; 26% of 
patients had residual disease at the ablation site, which is 
similar to RFA; OS at 1, 2 and 3 years was 83%, 73% and 
61% respectively. 

Percutaneous cryoablation therapy (PCT)

PCT is a thermoablative technique that utilizes cold instead 
of heat, as used in RFA and MWA. A gas, usually Argon, 
rapidly decreases in temperature (as low as −150 ℃) after 
transitioning from a liquid to a gaseous state. A probe 
inserted into a patient can deliver a freeze area of 2-3 cm 
diameter. A freeze cycle is followed by a thaw cycle, where 
Helium gas is administered to raise the temperature to 
around 40 ℃. The freeze and thaw cycles are alternated. 
Rapid freezing causes direct damage to tumors by forming 
intracellular and extracellular ice crystals, which disrupt 
the cell membrane and intracellular processes. Hypoxic cell 
death occurs indirectly from vasoconstriction and occlusion 
of adjacent vasculature. The diameter and number of 
probes, and number of freeze/thaw cycles can be varied 
depending on the size and location of the target (11).

Pros and cons 
Similar to RFA, PCT is recommended for tumors less than 
3 cm. Larger tumors cause difficult geometry and difficulty 
in probe placement, resulting in lower control rates. PCT 

also suffers from the heat/cold sink effect like RFA. In 
contrast to RFA, PCT can be utilized safely for central 
tumors due to the relative resistance of collagenous airway 
structures (12). The most significant complications of PCT, 
similar to RFA and MWA, are pneumothorax, hemorrhage, 
fistula formation and bronchospasm. Cryoablation therapy 
may result in less pain along the pleura and chest wall 
compared to RFA and MWA.

Supportive clinical evidence 
The data evaluating PCT in the management of early-
stage lung cancer are very limited but generally promising. 
Yamauchi et al. (13) retrospectively reviewed the results of 
34 tumors in 22 patients with stage I NSCLC with a mean 
tumor diameter of 1.4 cm. After a median follow-up of  
23 months, only 1 tumor progressed locally (3%), the 2- 
and 3-year DFS were 78% and 67%, respectively; median 
OS was 68 months. 

Photodynamic therapy (PDT)

PDT is a technique which has been used more frequently 
in the treatment of thoracic malignancies over the last 
several years, but is still not available at many institutions. 
In PDT, a photosensitizing agent is delivered systemically, 
followed by direct excitation of the agent by a wavelength 
of light that correlates to the absorption band of the infused 
drug. This reaction results in the production of oxygen free 
radicals and singlet oxygen, highly reactive states of oxygen. 
Cell death occurs due to direct injury via both apoptosis and 
cell necrosis. Indirect damage occurs as a result of damage 
to the tumor vasculature and from local inflammatory 
response with associated antitumor cytokines (14-17). 

Pros and cons 
Complications of PDT include hemoptysis, pulmonary 
toxicity and skin burns related to systemic delivery of the 
drug and exposure to UV light (12). PDT generally has 
a role in the treatment of centrally located, small (<1 cm) 
early-stage and non-invasive tumors. Small tumors that 
are minimally invasive and without extension beyond the 
bronchial wall are the optimal targets for PDT because they 
allow light to penetrate the target tissue and activate the 
photosensitizing agent (14). 

Supportive clinical evidence 
Furuse et al. (18) published a phase II study reporting on 
the use of the photosensitizing agent porfimer sodium 
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(Photofrin II) in the treatment of 49 patients with 59 early-
stage, centrally located squamous cell carcinoma tumors. 
Overall 85% of tumors showed a complete response at 
a median follow-up of 14 months. Tumors <5 mm had a 
100% complete response rate and tumors >20 mm had a 
38% complete response rate. Kato et al., (19) also showed 
the size of the tumor was a strong predictor of outcome in 
a study in which 204 patients with 264 central, early-stage 
NSCLC tumors were treated with PDT. The complete 
response rate was 95% in tumors <5 mm, 94% in tumors 5-9 
mm and 44% in tumors >20 mm. 

External beam radiation therapy (EBRT)

EBRT has been the alternative treatment of choice for early-
stage NSCLC. Traditional fractionation schemes using 
1.8 to 2 Gy per fraction per day have had local failure rates 
exceeding 50% historically, leading to long-term survival 
rates of only 15-30% (20-22). It was assumed that doses in 
excess of 85 Gy were likely necessary to achieve a LC of 
more than 50% when using standard fractions. However, this 
would have led to excessively long overall treatment times. 
Given the age, comorbidities and performance status of the 
typical inoperable lung cancer patient, this is not a small 
problem. Also, due to accelerated repopulation, there is a 
1.6% per day loss in survival with prolongation of treatment 
beyond 6 weeks (23-25). 

SBRT, also known as stereotactic ablative body 
radiotherapy (SABR), is characterized by a high radiation 
dose (tumor biologically effective doses generally ≥100 Gy), 
and highly conformal dose distribution with rapid dose fall-
off. It entails daily image guidance for reduction in overall 
treatment volume, resulting in decreased dose to surrounding 
normal tissues and therefore decreased toxicity. Reproducible 
rigid immobilization is necessary, with precise measurement 
and minimization of set up error. Strategies should also 
be applied to control the respiratory motion of tumor and 
normal tissue during treatment planning and delivery of each 
fraction (26). Treatments are typically delivered in three to 
five fractions of 10-20 Gy each over a 1-2-week period. 

RTOG 0915 compared 48 Gy in four fractions to 34 Gy  
in a single fraction and was presented as an abstract at 
the 2013 ASTRO conference (27). The median follow-
up was 20.6 months and the trial met prespecified criteria 
for adverse events and tumor control. The treatment 
regimen of a single 34 Gy fraction has been selected as 
the experimental arm for a future phase III RTOG trial. 
The effectiveness of SBRT is attributed primarily to 

the diminished role of accelerated repopulation due to 
reduction in overall treatment time, and to its ability to 
deliver an increased biological effective dose (BED) via 
large fraction sizes compared to traditional fractionation.

Cons
Common major toxicities with SBRT are pneumonitis, 
chest wall/skin injury or rib fracture, pleural effusion, 
brachial plexopathy, bronchial stenosis, bronchial necrosis 
with potential for fatal hemoptysis, and esophagitis with 
potential for stricture, perforation or fistula formation.

Supportive clinical evidence
Data in support of SBRT are predominantly retrospective in 
nature. High LC rates of 80-97% are consistent among these 
studies (1). However some prospective data are available. 
Timmerman et al. (28) reported RTOG 0236, a prospective 
phase II trial which included 55 medically inoperable patients 
with peripheral tumors <5 cm treated with SBRT, in 2010. 
The median follow-up was 34.4 months. The 3-year LC, 
DFS and OS were 97.6%, 48.3% and 55.8%, respectively. 
The rate of disseminated recurrence at 3 years was 22.1%, 
with only two regional failures (3.6%). These findings were 
very encouraging and led many to conclude that SBRT 
should be the standard primary local therapy for inoperable 
early-stage NSCLC. The recently updated 5-year data from 
RTOG 0236 showed a total of four primary tumor failures 
(7%), but an overall local recurrence rate of 20%, primarily 
due to intralobar failures. The 5-year locoregional and distant 
failure rates were 38% and 31%, respectively. Fifteen patients 
experienced grade 3 toxicity, and two patients experienced 
grade 4 toxicity, but there were no deaths attributed to 
radiation therapy (29). 

The treatment of centrally located tumors, defined as 
within 2 cm of the proximal bronchial tree, with SBRT 
has been associated with increased major complications 
in some trials and is considered somewhat controversial. 
Timmerman et al. (30)  reported on 70 patients with T1 or 
T2 tumors ≤7 cm with biopsy-proven NSCLC treated with 
60-66 Gy in three fractions over 1-2 weeks. With median 
follow-up of 17.5 months, LC at 2 years was 95%. However, 
14 patients had grade 3-5 toxicity with six deaths due to 
treatment related complications. The treatment related 
deaths were attributed to pericardial effusion in one patient, 
hemoptysis in another patient and bacterial pneumonia in 
four other patients. The median time to onset of toxicity 
was 10.5 months. At 2 years, freedom from severe toxicity 
was 83% for peripheral tumors and 54% for central tumors. 
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Some have advocated for a more conservative treatment 
approach of accelerated hypofractionation for central 
tumors. One such regimen uses eight fractions of 7.5 Gy 
per day which may approximate the effects of SBRT by still 
delivering a high biological equivalent dose (31). 

However, if dose constraints [such as those published 
in Task Group 101 by American Association of Physics in 
Medicine (32)] are respected, SBRT can be effectively and 
safely utilized for central tumors with outcomes similar 
to those of peripheral tumors. Chang et al. (33) published 
a prospective trial looking at 100 patients with biopsy-
proven central T1-T2N0 NSCLC or isolated parenchymal 
recurrence of NSCLC treated with SBRT to 50 Gy in 
four fractions or with accelerated hypofractionation to  
70 Gy in ten fractions if dose constraints could not be met. 
Eighty-two patients received 50 Gy in four fractions and 18 
patients received 70 Gy in ten fractions. The median follow-
up time was 30.6 months; the 3-year OS was 70.5%; the 
3-year local, regional and distant control rates were 96.5%, 
87.9% and 77.2%, respectively. The most common toxicities 
were chest-wall pain (18% grade 1 and 13% grade 2)  
and radiation pneumonitis (11% grade 2 and 1% grade 3). 
There were no treatment related deaths. The optimal dose 
and fractionation scheme for centrally located tumors is 
not known, but RTOG 0813 is a Phase I/II trial looking at 
outcomes of various fractionation schemes for the treatment 
of these tumors. The trial has closed and results are pending. 

Standard fractionation vs. SBRT 
Improvements in imaging and treatment techniques have 
increased the accuracy and therapeutic ratio of all forms of 
EBRT, and many have wondered if modern EBRT using 
standard fractions can offer outcomes comparable to SBRT. 
Nyman et al. (34) presented a prospective randomized trial 
at the European Society for Therapeutic Radiology and 
Oncology annual meeting in 2014 comparing 2 Gy ×35  
fractions of conventionally fractionated EBRT to 22 Gy ×3  
fractions of SBRT. The trial enrolled 102 patients with 
T1-2N0 cancers at nine Scandinavian centers from 2007 
to 2011. Patients in the conventionally fractionated arm 
were older (median age 75.3 vs. 72.7 years), but there were 
more T2 tumors in the SBRT arm (47% vs. 25%). The 
trial showed no difference between the two modalities 
in terms of LC or OS. However, there was significantly 
more treatment related toxicity in the conventionally 
fractionated arm due to pneumonitis (34% vs. 16%) and 
esophagitis (32% vs. 9%), but overall severity of toxicity 
was low with grade ≥3 toxicity occurring in 16% of patients 

in the conventionally fractionated arm and in 18% of 
patients in the SBRT arm. The tumor control and survival 
outcomes may be similar between SBRT and conventional 
fractionation using modern techniques, but the therapeutic 
ratio and overall convenience of SBRT are clearly superior. 
In patients who are not candidates for SBRT due to 
pulmonary dysfunction, many support a treatment approach 
using accelerated hypofractionation which can be safely 
delivered to these patients using a number of different 
fractionation schemes (35). 

Table 1 compares the approximate 1-year LC rates, 2-year 
OS rates, common toxicities and relative contraindications 
for the treatment modalities discussed above. Lobectomy 
and sublobar resection have been added for comparison. 
Wedge resection was not included because of level I 
evidence showing clearly inferior outcomes compared to 
lobectomy (36). It is important to note that when comparing 
survival outcomes, surgical series typically include much 
fitter patients for whom better survival is expected than the 
less fit, medically inoperable patients typically receiving 
alternative therapies.

The future: SBRT vs. resection for surgically fit 
patients

Although lung cancer as a diagnosis is decreasing overall, 
more patients are being diagnosed at an earlier stage 
with improved diagnostic imaging techniques. Now that 
lung cancer screening is becoming standard practice, 
the treatment of these patients will become even more 
important in the future. It is estimated that screening 
will increase the number of lung cancer diagnoses by 
about 11,000 per year and that the percentage of lung 
cancers diagnosed at an early-stage will increase from 
15% currently to 33% (37). Surgery has always been the 
treatment of choice for these patients, but emerging data 
are putting these beliefs into question. Surgery is the only 
treatment in early-stage NSCLC which is both diagnostic 
and therapeutic. Formal lymph node assessment at the time 
of surgery often identifies patients with more advanced 
disease than originally found on pre-treatment work-up. 
This information is then used to guide post-treatment 
decisions in regard to adjuvant chemotherapy and radiation 
therapy. Wilson et al. (38) found the rate of nodal upstaging 
after surgery to be 11%. 

SBRT has been considered the primary challenger 
to surgery given the excellent results in terms of LC. 
Even though the locoregional failure rate for SBRT may 
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be higher than once believed, there are emerging data 
that cast some doubt on the belief surgery should be the 
standard treatment approach for all patients with early-
stage NSCLC. Shirvani et al. (39) published a SEER-
Medicare propensity matched analysis comparing SBRT to 
observation, lobectomy, sublobar resection and conventional 
radiation therapy. There was no significant difference in OS 
for SBRT compared to lobectomy or sublobar resection. 
Grills et al. (40) examined 124 patients with Stage I NSCLC 
who received either wedge resection or SBRT. Although 
the SBRT patients were significantly older and had higher 
comorbidity index scores, the patients receiving SBRT had 
better LC and there was no difference in the rate of distant 
metastases or in cause-specific survival (CSS). OS was better 
in the wedge resection group, but again the SBRT patients 
were more unfit. 

Conversely, when patients are at very high risk, especially 
those with severe chronic obstructive pulmonary disease 
(COPD) (predicted postoperative FEV1 <40%), the higher 
mortality risk associated with surgical resection needs to be 
taken into account. On average these patients have a 10% 
30-day mortality risk after surgical resection compared to 
0% after SBRT (41).

It has been very difficult to obtain level I evidence in 
the comparison of SBRT to surgery. Verstegen et al. (42) 
published a propensity score-matched analysis comparing 
SBRT to lobectomy via video-assisted thoracoscopic 
surgery (VATS) for stage I-II NSCLC. The matched cohort 

consisted of 64 SBRT and 64 VATS lobectomy patients 
with a median follow-up of 30 and 16 months, respectively. 
Locoregional control for SBRT was significantly better 
at 1 and 3 years (96.8 and 93.3% vs. 86.9% and 82.6%, 
respectively). Distant recurrences and OS were not 
significantly different. Zheng et al. (43) published a meta-
analysis of 40 SBRT studies (4,850 patients) and 23 surgical 
studies (7,071 patients) published between 2000 and 2012. 
Patients typically treated with SBRT differ substantially 
from patients typically treated with surgery in age and 
operability. After adjustment for these differences, they 
found OS and DFS did not differ significantly between 
patients with stage I operable NSCLC treated with either 
SBRT or surgery. 

In terms of prospective data, three Phase III randomized 
controlled trials (ACOSOG Z4099/RTOG 1021, ROSEL 
and STARS trials) recently closed early due to poor accrual. 
Since both arms of these studies are available off trial, this 
is understandable. However, Chang et al. (44) recently 
reported the pooled analysis from the limited patients 
enrolled on the ROSEL and STARS trials. The 58 total 
patients enrolled (31 to SBRT and 27 to surgery) were 
followed for a median of 40.2 months in the SBRT group 
and 35.4 months in the surgery group. Six patients in the 
surgery group died compared to one in the SBRT group. 
OS at 3 years was significantly better in the SBRT group 
compared to the surgery group (95% vs. 79%). There was 
one regional recurrence in the surgery group compared 

Table 1 Early-stage NSCLC treatment modality comparison

Modality 1-year LC 2-year OS Common toxicities Relative contraindications

Lobectomy or 

sublobar resection

85-95% (1) 80-85% (1) infection, air leak, myocardial infarction, 

respiratory failure

severe COPD (FEV1 or DLCO 

<40% predicted)

SBRT 80-95% 

(1,28,30,33)

65-75% 

(1,28,30,33)

pneumonitis, chest wall pain/rib fracture central tumors near trachea, 

mainstem bronchi, hilum, or 

esophagus

RFA 60-75% (1,6,7) 60-80% (1,6,7) pneumothorax, pneumonia, pleural effusion, 

post-procedure pain

tumors near major blood 

vessels, esophagus, trachea, 

mainstem bronchi, or >3 cm

MWA 67% (10) 75% (10) pneumothorax, pneumonia, pleural effusion, 

hemoptysis, post-procedure pain

tumors near esophagus, 

trachea, mainstem bronchi

PCT 85-95% (1,13) ~80% (1,13) pneumothorax, hemorrhage, bronchospasm tumors >3 cm

PDT 65-95% (1,18) N/A hemoptysis, pneumonitis, skin burns peripheral tumors or >1 cm 

NSCLC, non-small cell lung cancer; LC, local control; OS, overall survival; COPD, chronic obstructive pulmonary disease; DLCO, 

diffusing capacity of the lung for carbon monoxide; SBRT, stereotactic body radiation therapy; RFA, radiofrequency ablation; 

MWA, microwave ablation; PCT, percutaneous cryoablation therapy; N/A, not available; PDT, photodynamic therapy.
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to four in the SBRT group. There were two distant 
recurrences in the surgery group compared to one in the 
SBRT group. 

Hopefully,  these results will  encourage further 
randomized studies comparing SBRT and surgery. 
Currently, there are at least two studies ongoing to compare 
SBRT and lobectomy. RTOG foundation study 3502 is 
enrolling patients in China. Veterans Affairs Lung cancer 
surgery Or stereotactic Radiotherapy (VALOR) trial has 
just secured funding and finalized the protocol with patient 
enrollment starting in early 2016. With more robust level 
I data, SBRT could unseat surgery as the clear standard 
of care for operable early-stage NSCLC patients. Given 
the relative convenience and superior side effect profile 
(morbidity and, in some cases, mortality), data showing 
comparable control and survival outcomes should make 
SBRT the preferred treatment.  

SBRT vs. other non-surgical options for non-
surgical patients

For inoperable early-stage NSCLC patients, should SBRT 
be considered the standard treatment, or are other treatment 
modalities such as RFA, MWA, PCT or PDT reasonable 
options as well? RFA is the best studied of these techniques. 
Zemlyak et al. (45) compared RFA, sublobar resection and 
PCT retrospectively in 64 patients with inoperable stage I 
NSCLC. However, only nine of these patients were treated 
with PCT. Median follow-up was 33 months. 3-year CSS 
was 90.6%, 87.5% and 87.5% for sublobar resection, RFA 
and PCT. OS was 60.8%, 87.1% and 77% respectively. 
There was a statistically nonsignificant trend towards worse 
local and regional/distant recurrence in the RFA group. 
Kwan et al. (46) used the NCI SEER-Medicare database 
to examine outcomes of patients with early-stage NSCLC 
after thermal ablation compared to sublobar resection. 
The patients in the RFA group were older, had higher 
comorbidity index scores and were more likely to have 
COPD. Comparing these unmatched groups, there was 
significantly better OS and CSS in the sublobar resection 
group. However, after propensity score matching, OS and 
CSS were not significantly different. 

Bilal et al. (47) performed a meta-analysis comparing 
RFA to SBRT. A total of 16 studies (nine studies for RFA 
and seven studies for SBRT) were involved. They found 
that the OS at 1 year (68.2–95% vs. 81–85.7%) and 3 years 
(36–87.5% vs. 42.7–56%) was similar between patients 
treated with RFA and SBRT, while 5-year OS was higher in 

SBRT (47%) than RFA (20.1–27%). Local progression rates 
were lower in patients treated with SBRT (3.5–14.5% vs. 
23.7–43%). Local failure rates in RFA appear to be higher 
than those with SBRT or surgery. However, it is unclear 
how much these higher failure rates impact survival, if at 
all. One area where RFA has carved out a clear niche is 
in salvaging SBRT failures. Kodama et al. (48) treated 44 
consecutive patients with recurrent NSCLC after treatment 
with SBRT. During the 29 months follow-up period, the 
1-, 3- and 5-year OS rates were 98%, 73% and 56%. The 
1- and 3-year recurrence free survival rates were 77% and 
41%, respectively. 

The data for MWA, PCT and PDT are too limited to 
draw significant conclusions regarding their efficacy versus 
other techniques, but retrospective data are promising and 
suggest that these treatment modalities should be further 
investigated. PCT in particular appears to have very high 
LC rates similar to SBRT. A cost-effectiveness analysis 
published by Sher et al. (49) comparing conventional RT, 
SBRT and RFA for medically inoperable Stage I NSCLC 
found that SBRT may be the most cost-effective alternative 
treatment for medically inoperable Stage I NSCLC. 

Summary 

SBRT can be performed safely with excellent outcomes 
on centrally located tumors as long as dose constraints 
are respected. If the dose constraints cannot be met and 
SBRT is contraindicated, accelerated hypofractionation 
should be utilized. The results of RTOG 0813 will help 
determine the optimal dose and fractionation for central 
tumors. Compared to SBRT, conventional fractionation 
using modern techniques appears to be equivalent in terms 
of outcomes but worse in terms of toxicity and convenience 
due to much longer overall treatment times. If available, 
cryotherapy and PDT (and to a lesser extent RFA and 
MWA) can also be considered for central tumors when 
SBRT is contraindicated but need further study. 

In conclusion, the treatment options for patients with 
early-stage NSCLC have evolved significantly over the 
past decade with many new and exciting treatments now 
available. Many of these treatments are still relatively new 
and have insufficient clinical trials evidence; hence, their 
optimal role has not yet been determined. Treatment 
recommendations should be individualized to the patient, 
based primarily on the size and location of the tumor, 
the patient’s age, comorbidities and performance status, 
and the strength of the available evidence. Based on these 
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factors, Figure 1 presents an algorithm for determining 
the preferred primary treatment in early-stage NSCLC 
patients. As early data mature and future directions are 
determined, much of this will surely change.
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