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Introduction

The current gold standard for treatment of early stage non-

small cell lung cancer (NSCLC) is surgical resection by 

means of a lobectomy, which is the surgical removal of an 

entire lobe of the lung, together with systematic hilar and 

mediastinal lymph node evaluation (1). A lung cancer patient 

is considered medically operable if a thoracic surgeon 

has judged that the patient can safely undergo surgical 

resection for the lung cancer with acceptable risk. A variety 

of parameters, including age, cardiopulmonary function, 

co-morbidities and performance status, have been used as a 

guide to determine fitness for surgery (2,3). However, it is 
ultimately a subjective decision, as a more experienced (or 

less risk averse) surgeon may consider a marginal patient 

operable, whereas a less experienced (or more risk averse) 

surgeon may decide otherwise. Operability is also a moving 

target, as various advances in surgical technique may change 

our perspective of operability in the future.

Current evidence shows that surgical resection offers a 

5-year survival rate up to 92% for stage I lung cancer (4).  
Surgery also provides patients and their doctors with 

an opportunity to properly stage the cancer through 

histopathology analysis of the tumor tissue and surrounding 

lymph nodes, which in turn allows for appropriate adjuvant 

treatment to be administered in a timely fashion for patients 

who would benefit from it. However, surgical resection is 
necessarily invasive, carries surgical risk, and also requires 

a period of recovery for the patient. As a result, there is 

strong interest in less invasive methods of treatment. 

Stereotactic body radiotherapy (SBRT), also known 

as stereotactic ablative radiotherapy (SABR), was first 

developed in the 1990’s, based on previous work involving 

stereotactic radiosurgery in the brain that was developed 

in the 1950’s (5-7). SBRT was adapted to treat tumors 

throughout the body, including NSCLC in the past 

decade (8-10). SBRT is an improvement over conventional 

radiotherapy as it delivers higher doses of radiation targeted 

to a smaller area, and is widely used today to treat surgically 

inoperable NSCLC (11-14). Complications arising from 
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SBRT in the immediate aftermath of treatment tend to 

be better tolerated as compared to surgical complications 

(15,16), and as a result, there is now interest in exploring 
whether the use of SBRT can be expanded to operable early 

stage NSCLC patients.

In this review, we will consider the relative advantages 
of SBRT over surgery, and vice versa in the treatment 

of NSCLC. Next, we will review the available literature 

comparing the two modalities for treatment of medically 

operable NSCLC patients. Finally, we will look at the 

future direction of surgery in the treatment of NSCLC, and 

whether newer surgical techniques such as video-assisted 

thoracoscopic surgery (VATS) can eliminate some of the 

disadvantages of surgery and improve patient outcome, as 

well as comment on avenues of future research.

Benefits of SBRT over surgery in the treatment 

of lung cancer

The major benefit of SBRT over surgery is that it is an 

outpatient and non-invasive technique to treat lung cancer. 

In contrast, although lobectomy is the standard treatment 
for early stage NSCLC, it is traditionally done as an open 

operation that requires general anesthesia and inpatient 

hospitalization. Moreover, open lobectomy requires an 

extended period of recovery for the patient, and can 

result in various complications such as the development 

of a prolonged air leak [which occurs in 7–18% of cases, 

although it usually only results in a delay in discharge 

from hospital (17-20)], hemorrhage, infection (pneumonia 
being the most common), respiratory failure, atrial 

fibrillation and other cardiovascular events (21,22). Other 
rarer complications include nerve injury, chylothorax, 

bronchopleural fistula and lobar torsion (21,22) (Figure 1). 

Initial results from the use of SBRT to treat early 
stage NSCLC have established that it is a well-tolerated 

procedure with low rates of complications, even in 

patients deemed too high risk for surgery (23,24). Serious 
complications from SBRT are rare, but include central 

airway toxicity, esophageal toxicity, vascular injuries, 

spontaneous pneumothorax, radiation pneumonitis, chest 

wall toxicity, brachial plexopathy and vagus nerve injury (16) 
(Figure 1). However, the incidence of these complications 
varies depending on the location of the tumor, with SBRT 

treatment of central tumors—those within 2 cm of the 
proximal bronchial tree—causing excessive toxicity (16,25). 

Benefits of surgery over SBRT in the treatment 

of lung cancer

Adequacy of treatment

By surgically removing the lung tumor, a histopathology 
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Figure 1 Comparison of complications from surgical resection of lung tumour vs. treatment by SBRT.
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analysis of the specimen can be carried out, which allows 

for the determination of whether an R0 resection (during 

which all disease, both gross and microscopic is removed) 

was achieved. Since it has been demonstrated that patients 

with an R0 resection have better outcomes compared to 

patients in which there is residual microscopic (R1) or gross 

(R2) disease left behind (26,27), an R0 resection is generally 
desired. In the event that subsequent histopathology analysis 
reveals that only an R1 or R2 resection was achieved, this 
knowledge affords an early opportunity soon after surgery 

to discuss possible further resection or adjuvant treatment 

in order to decrease the odds of recurrence and improve long-

term survival (28). With SBRT, determination of local control 
is entirely dependent on follow-up imaging, which can be 

complicated to interpret in light of the treatment effect from 

SBRT, leading to potential delays in assessing the adequacy of 

local treatment and need for salvage therapy (29,30).
In higher risk patients, a sublobar resection instead 

of a formal lobectomy may be offered to better preserve 

lung function post-surgery, and hence decrease the risk of  

surgery (31). Sublobar resections (e.g., segmentectomies 
or wedge resections) are smaller operations with less lung 

parenchyma removed, and are better tolerated with lower 

rates of major complications, even in high risk patients 

(31,32). Moreover, there is reason to believe that a sublobar 
resection may give comparable results to a lobectomy 

in certain subgroups of early stage NSCLC (33,34). 
Furthermore, even though a sublobar resection may 

compromise on the extent of margins and local control, 

information on the adequacy of margins is still obtained 

and the surrounding lymph nodes are still removed, thus 

offering important advantages over SBRT (35,36). 

Primary tumour analysis

In patients with a lung lesion in whom the histopathological 
diagnosis of NSCLC has yet to be established, surgical 

resection is sometimes performed in order to obtain a 

diagnosis of the lung lesion, in addition to potentially 

performing a therapeutic procedure in the event of a 

malignancy. This is not an uncommon situation, as some 

lesions are not amenable to bronchoscopic or percutaneous 

biopsy easily, while others have had a biopsy procedure 

but the yield was non-diagnostic. Some patients may also 

opt for upfront surgery if they are not keen for a separate 

diagnostic procedure prior to surgery. In the event that the 
lesion removed is found to be benign, these patients do not 

require further adjuvant treatment or the close subsequent 

follow-up that NSCLC patients require, and their care can 

be managed appropriately (37-39). By offering SBRT (and 
the attendant need for close radiological follow-up for a 

significant period of time) with no tissue removed, we are 
doing these patients with benign disease a disservice.

In an analysis of solitary pulmonary nodules >20 mm on CT 
scan, only 64–82% were actually found to be malignant (40). 
Even among lesions with significant FDG uptake on PET-CT, 
only 85% were found to be malignant (41). It has been shown 
that SBRT treatment of lung tumors without histological 

proof is associated with better survival, compared to SBRT 

treatment of histologically diagnosed lung cancer. This 

suggests that a not insignificant proportion of the lung 

lesions being treated with SBRT without histological proof 

is actually benign disease (42). Therefore, we need to be 
circumspect in interpreting outcome data from SBRT 

studies which include patients who have been treated 

with SBRT without a prior histopathological diagnosis of 

NSCLC (43-47). 
A histopathological analysis of the removed primary 

tumor can also offer valuable information that will affect 

subsequent treatment. It has been reported that a sizable 
proportion of patients with clinical T1 on preoperative 

imaging are ultimately found to have pathological T2 or 
above after resection (48,49). This has implications for 
adjuvant chemotherapy, as it has been shown that adjuvant 

chemotherapy confers a significant benefit in patients 

with completely resected NSCLC larger than 4 cm (50). 
In addition, clinical understaging of T status may result in a 
smaller radiation treatment zone if these patients were treated 

with SBRT, leading to decreased efficacy of SBRT (49).
Furthermore, a removed tumor can be examined for 

breaching of the pleura, the presence of angiolymphatic 

invasion, and other histological features which are 

associated with poorer prognosis. The presence of any 

of these can aid the oncologist in deciding how strongly 

to push for the patient to continue with adjuvant 

chemotherapy (51,52). In an analysis of propensity-matched 
NSCLC patients from the National Cancer Database who 

underwent surgery or received SBRT, there was a survival 

advantage for patients who underwent surgery, and at least 

part of this may be due to the significantly higher utilization 
of adjuvant chemotherapy in the surgical arm (53). 
Therefore, by removing the entire tumor and surrounding 

tissue surgically, we can glean pertinent information that is 

crucial for determining subsequent follow-up and treatment 

- information that is lost when we attempt to treat lung 

cancer in situ using SBRT. 
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Lymph nodes resection and analysis

Another major benefit of surgery is the removal of 

surrounding lymph nodes at the time of surgery, which 

provides potential therapeutic and diagnostic advantages 

over SBRT. In the case of patients who are thought to have 
involved lymph nodes on pre-operative imaging (clinical N1 

disease), surgery would ensure that all disease is removed. 

For these patients, removal of all disease in the chest (i.e., an 

R0 resection) confers significant prognostic benefit, as it has 
been shown that an R1 resection (i.e., with residual disease 

left behind in lymph nodes) confers a poorer prognosis 

that is comparable to disease left behind elsewhere in the  

chest (27). In contrast, SBRT should not be used to treat 
patients with clinical N1 disease, as SBRT only treats the 

primary lesion and not the surrounding lymph nodes (54). 
In the case of patients who are thought to have negative 

lymph nodes based on pre-operative imaging, removal of 

the lymph nodes provides important information to ensure 

accurate staging of the lung cancer. A significant proportion 
of patients who present with negative nodal involvement on 

preoperative PET-CT scans will actually have positive nodal 
involvement upon subsequent histological examination 

of the lymph nodes post-surgery—approximately 7–14% 
of these patients will have occult N1 disease while 4–8% 
of them will have occult N2 disease (54-57). This results 
in the upstaging of their disease, and requires the prompt 

initiation of further adjuvant therapy to decrease their risk 

of recurrence, and to improve their overall survival (58). 

These upstaged patients would not be picked up using 

SBRT, as there is no opportunity for lymph node sampling 

with SBRT. Therefore, the subsequent care of these patients 

may be compromised without the proper staging of these 

patients.

Central lung lesions

Central tumors are those defined as being within 2 cm of 
the mediastinum and the proximal bronchial tree. Apart 

from the standard radiotoxicity seen in the SBRT treatment 

of peripheral lung tumors, central tumors present their 

own set of complications when treated by SBRT. An early 

study from Indiana University demonstrated that SBRT 
treatment of central tumors resulted in 11-fold more Grade 
3–5 toxicity events as compared to SBRT treatment of 
peripheral tumors, and the investigators recommended 

against the use of SBRT in centrally located tumors (25). 
These results were subsequently confirmed by other 

studies from different groups, with reported complications 

including tracheoesophageal fistula, pneumonitis, stenosis/
stricture, airway necrosis and fistula (16,59). Although 
some later studies have demonstrated that lower doses of 

radiation and the SBRT treatment of smaller central tumors 

might prove safer than higher doses of radiation and the 

SBRT treatment of larger central tumors, there is still no 

consensus on what would constitute an ideal SBRT regimen 

for the treatment of central tumors, and what the cut-off 

limit should be for tumor size (60,61).
On the other hand, a conventional lobectomy can be 

used to safely remove lung tumors, regardless of whether 

they are peripheral or centrally located. Even in the event 
where a centrally located lung tumor directly involves the 

proximal airways or hilar vessels, thoracic surgeons are able 

to resect these lesions with good outcomes (62,63).While 
some of these lesions may require a pneumonectomy, often 

a sleeve resection can be performed to avoid the added 

morbidity from a pneumonectomy. In this case, part of 
the bronchus or pulmonary artery is resected above and 

below the tumor and rejoined, thus preserving pulmonary 

function (Figure 2). Outcomes of sleeve resections have 

compared favorably compared to pneumonectomies, and 

are comparable to conventional lobectomies (64-67). Thus, 
surgical resection should be considered the preferred 

treatment option for central tumors, as these tumors can 

be resected safely without the increased toxicity of SBRT 

(25,62,63).

Other lesions that cannot be treated effectively by SBRT

Apart from tumors located close to the mediastinum and 

the proximal bronchial tree, there are other lung tumors 

that cannot be effectively treated by SBRT. There have 

been reports that lower lobe NSCLC treated with SBRT 

have been associated with poorer outcomes (68), while no 
such difference in outcomes has been observed with surgical 

resection (69,70). Also, SBRT treatment of tumors close to 
the chest wall or diaphragm is technically challenging, but 

surgery with concomitant chest wall or diaphragm resection 

and reconstruction is frequently done with good outcomes 

(71-73). Similarly, patients with large tumors or multiple 
lesions are also easily treated with surgical resection, but 

are not good candidates for SBRT. An extended resection 

(pneumonectomy, bilobectomy, lobectomy with additional 

segmentectomy or wedge resection) may be performed 

to ensure all disease is removed at the time of surgery, 

provided the patient has adequate pulmonary function to 
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tolerate the resection (74,75).

Overall survival and disease-free survival after 

surgery vs. SBRT

Given the relative advantages of both surgery and SBRT as 
discussed above, an area of recent interest is the comparison 

of surgery versus SBRT in treatment of early stage (typically 

defined as clinical stage I) NSCLC in medically operable 
patients, particularly those thought to be at higher risk for 

surgery (e.g., elderly or with many comorbidities). Given 
the encouraging results of the use of SBRT in early stage 

NSCLC in medically inoperable patients (10-14), many 
groups have published reports suggesting that the overall 

survival of medically operable patients with early stage 

NSCLC treated with SBRT have similar survival compared 

to patients who undergo surgical resection (43,44,47,76,77). 
However, many of these reports only studied the effects 
of SBRT on early stage NSCLC patients, and did not 

do a proper study comparing the two forms of treatment 

(44,47,76). These studies also often included patients who 
did not have a histological diagnosis of NSCLC, which 

would artificially improve their outcomes given that a 

proportion of these patients would actually have benign 

disease (42-44,47). This is compounded by the fact that 
these studies generally fail to clarify the imaging features 

of the primary lesion (i.e., whether it is solid versus a mixed 

or pure ground glass lesion), as ground glass lesions have 

significantly better outcomes because they are often an 

indolent form of NSCLC (78).

Of those studies that attempted to compare two forms 

of treatment, they were usually retrospective analyses, and 

some followed patients only for a short period of time post-

treatment (77). In one study, it also included patients who 
underwent pneumonectomy in the surgical group, which 

could explain the very high 30-day mortality post-surgery 
in that study (43). Many of these studies also did not stage 
the patients properly before treatment, making it hard to 

directly compare survival data. [The SBRT group of these 

studies often did not do pre-treatment lymph node staging, 

so it is unclear whether these patients really had stage I 
disease. At the same time, in some studies, patients in the 

surgical groups who were upstaged after surgery due to the 

discovery of lymph node metastases after surgery were still 

analyzed as though they were part of the stage I cohort of 
patients (43)]. As such, the analyses of many of these papers 
claiming to show equivalency between surgery and SBRT in 

early NSCLC left much to be desired, and the conclusions 

the authors arrived at often would not hold up to a rigorous 

examination. 

A major problem with attempting to compare surgery vs. 

SBRT directly is the lack of proper prospective randomized 

control trials to compare the two arms of treatment. 

Previous attempts at starting such a trial have failed due to 
problems with patient recruitment (46). In an attempt to 
salvage the data they have, the investigators in the STARS 

and ROSEL trial decided to combine their data and 
perform statistical analyses as though the two separate trials 

were one and the same. Unfortunately, even after doing so 
(and ignoring the problems with this method of treating 

two different trials with different patient populations 

as though it was one), their sample size was still much 

A B C

Figure 2 Sleeve resection of central tumor involving the right upper lobe bronchus. When a lung tumor directly involves part of the 

proximal bronchial tree (such as the right upper lobe bronchus), a sleeve resection can be carried out. (A) The section of the bronchus with 

tumor involvement is first identified, and the bronchus is then transected proximal and distal to the tumor to remove the portion in question. 
(B) The two ends of the uninvolved bronchus are then sutured together to form a functional airway (C).
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too small and the study was not powered to detect any 

difference between the two regimens. And as pointed out by 

many others (79-83), the authors of the “pooled analysis” 
have vastly overstated their perceived benefits of SBRT. The 
problems with their analysis include, among many others: 
(I) some of the patients were not required to undergo a 
biopsy to prove malignant disease before being enrolled in 

the trial; (II) patients were not adequately staged before the 
trial - some of the patients in the surgery arm were found 

during surgery to have later stages of NSCLC, and yet their 

results were included in the analysis; (III) a large proportion 
of patients did not reach the 3-year mark in their follow-
up, even though the authors attempt to claim that SBRT is 

equivalent to surgery in terms of patient overall and disease-

free survival 3-year post-treatment. 
Given the lack of a properly conducted and adequately 

powered prospective randomized control trial, the best 

method we have available to compare surgery vs. SBRT are 

retrospective analyses using matched patient indicators, 

with a confirmed histological diagnosis of NSCLC. Patient 
indicators should be appropriately matched to reduce 

the confounding effects of any differences in patient 

characteristics between patients undergoing surgery vs. 

SBRT, such as patient age and existing comorbidities. If 
we look at the results of individual retrospective studies 

with these criteria, the results show that at 3–5 years post-
treatment, patients who had surgical resection of their 

early stage lung cancer have better overall survival and 

recurrence-free survival than patients who underwent 

SBRT (84,85). 
Similarly, if we look at studies analyzing large databases 

of patients treated with surgery or SBRT using the same 

criteria as above, we see that these studies consistently 

conclude that 3- and 5-year overall survival and cancer-
specific survival favor patients who underwent surgery 

for their stage I NSCLC (53,86,87). A criticism of studies 
analyzing these large databases is that there might be a bias 

against SBRT in terms of overall survival, as patients who 

undergo SBRT are often in poorer health compared to 

patients who undergo surgery, so they may die from poor 

health rather than lung cancer per se. However, in the study 
conducted by Rosen and his colleagues, the authors selected 

patients from the National Cancer Database documented 

to be free of comorbidities, and still found a 5-year overall 

survival favoring surgery (59% vs. 29%). Even in their 
subgroup analysis of patients who underwent SBRT because 

they refused surgery matched to patients who underwent 

surgery, there was still a significant 5-year overall survival 

benefit favoring surgery (58% vs. 40%) (87).
Interestingly, if we look at database studies with 

histologically confirmed NSCLC comparing sublobar 

resections [in which a smaller section of the lung is removed 

rather than an entire lobe, and which is often thought to 

be inferior to lobectomy (1)] to SBRT, these studies still 
show that sublobar resections are superior to SBRT in 

terms of overall and lung cancer specific survival at 3 and 
5 years post-treatment (35,53,88). This advantage is seen 
even in the group of patients who are older than 80 years 

of age, who are often considered to be very high risk for  

surgery (35).
Why would such a difference in survival exist between 

the two treatment arms for early stage NSCLC, given that 

SBRT has a much lower risk of immediate post-operative 

morbidity and mortality compared to surgery, and has 

been shown to have very high rates of local control? In a 
matched retrospective study comparing SBRT vs. surgery 

by Yu et al., it was shown that the toxicity associated with 

SBRT increases rapidly over time, such that by 24 months 
post-treatment, there was no significant difference in 

toxicity between the two treatment modalities. The same 

study also showed that while SBRT was associated with 

lower mortality initially, overall mortality was significantly 
higher for patients undergoing SBRT by 24-month post-
therapy, as compared to patients who underwent surgical 

resection (89). Therefore, while SBRT appears to offer 

less serious complications compared to surgical resection 

in the immediate post-treatment period, this relative 

advantage wears off with time, and surgical resection offers 

better patient outcome in the long run. This is supported 

by results from a more recent study of the Veteran Affairs 

healthcare system database of early stage lung cancer 

patients, which demonstrated a higher mortality at 30 
and 90 days after treatment, for surgically treated patients 

compared to patients treated with SBRT, but ultimately 

showed improved long-term overall and lung cancer specific 
survival for surgically treated patients compared to SBRT (86).

The future of thoracic surgery

Open thoracotomy used to be the standard treatment for 

early stage NSCLC, and it has served us well for decades. 

Long-term outcomes of thoracotomy-lobectomy specifically 
for stage I NSCLC have shown a 5-year overall survival 
rate of 62–81% (90-93). Studies providing the most recent 
information on thoracotomy-lobectomy outcomes report 

an overall morbidity of 32–37% and perioperative mortality 
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of 1–2% (21,94,95). This represents an improvement from 
previously reported mortality of 2.9% for thoracotomy-
lobectomy in the past (96). However, with further advances 
in thoracic surgery, we should be able to improve on these 

numbers.

The use of VATS allows us to perform lobectomies 

and other major lung resections with several keyhole 

incisions instead of a large thoracotomy incision. This 

decreases the amount of surgical trauma and pain for 

the patient, decreases the rate of complications, and also 

reduces recovery time (97-100). Various meta-analyses of 

VATS lobectomy compared to open lobectomy have also 

consistently shown improved 5-year survival rates with 

VATS lobectomy (97,101-103). For stage I NSCLC, VATS 
lobectomy provides a 5-year overall survival rate of 66–94% 
(90-93). Finally, VATS lobectomy complication rates range 
between 10–20% compared to thoracotomy-lobectomy’s 
32–37%, with a similar perioperative mortality between 
the two modalities (95,97). Less surgical trauma also means 

that older, sicker patients which were previously classified 
as inoperable, may now be considered medically operable 

(100,104,105).
In the United States, where lobectomies may be 

performed by either thoracic surgeons or general surgeons, 

it has been demonstrated that thoracic surgeons perform 

more VATS lobectomies and complex thoracic operations 

compared to general surgeons (106), and lung cancer patient 
survival rates are higher in patients treated by thoracic 

surgeons compared to those treated by general surgeons 

(107,108). As VATS lobectomy adoption rates are still far 

from universal, it is hoped that by training more thoracic 

surgeons, and encouraging them to adopt the use of VATS 

rather than open lobectomy, the overall surgical outcome 

for NSCLC patients will improve with time (93,109).
Recent studies have also attempted to do a direct 

comparison between VATS lobectomy and SBRT in 

biopsy proven stage I NSCLC. Early results indicate 
that in propensity-matched patients who are studied 

retrospectively, patients who undergo VATS lobectomy had 

a better tumor control rate and better long-term overall 

and lung cancer-specific survival rates (84,85). The VATS 
lobectomy patients also had better recurrence-free survival, 

compared to the SBRT patients (84,85). 
VATS lobectomy techniques have also been improving 

rapidly in recent years. Conventional multi-port VATS 

lobectomy is usually done with two to four port incisions, 

with three ports being the most common (110). With 

encouraging results from VATS-lobectomy, there is now 

growing interest worldwide in exploring whether further 

benefit can be derived by performing major lung resections 
through a single port incision (111,112). Early results have 
shown that uniportal VATS-lobectomy can be performed 

safely, and has some benefit in terms of postoperative pain 
control and length of stay as compared to multi-port VATS 

lobectomy (113-115).
Apart from improving the efficiency of VATS-lobectomy 

by decreasing the number of incisions used, thoracic 

surgeons are also investigating if parenchymal sparing 

or sublobar operations can further improve surgical 

outcomes in patients with very early stage NSCLC (<2 cm) 
(33,34,116). Although lobectomy was previously shown to be 
superior to sublobar operations based on a historical trial (1),  

there has been renewed attention in sublobar operations 

because they are better tolerated by patients and have 

lower rates of complications compared to lobectomy, as 

less lung tissue is resected (31,32,117). Two ongoing trials 
(CALGB140503 and JCOG0802) will provide insight into 
whether sublobar resections of small early stage tumours 

can be a non-inferior alternative compared to lobectomy 

(118,119).

Another area of interest within the thoracic surgical 

community is the concept of non-intubated thoracic surgery. 

A few select centers have shown that lobectomies, major 

lung resections and even complex airway operations can be 

safely performed without the need for general anesthesia 

(120-123). These operations are typically done under 
sedation with locoregional anesthesia, such as a thoracic 

epidural or intercostal nerve blockade (124,125). This 
holds great promise for decreasing morbidity from thoracic 

surgery, as the use of general anesthesia is associated 

with a higher risk of pneumonia and impaired cardiac  

function (126). However it remains to be seen whether 
these highly specialized techniques can be widely adopted 

by the general thoracic surgical community because of the 

inherent challenges in performing non-intubated thoracic 

surgery. 

With all the advancements in surgical treatment of 

NSCLC, thoracic surgery for lung cancer patients should 

only get safer with time. As surgical techniques improve and 

complications decrease, more patients may become eligible 

for surgery, and SBRT may become reserved for the rare 

few stage I patients who are truly inoperable. 

Conclusions

The standard treatment for early stage NSCLC is a 
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lobectomy, which is safe for the vast majority of eligible 

patients. For patients who cannot tolerate a lobectomy, a 

sublobar resection is typically offered, although studies are 

still underway to define patient groups that would be best 
treated with a sublobar resection without compromising on 

long-term outcomes. SBRT is typically offered to patients 

who are not candidates for surgery, and there is now some 

interest in expanding the use of SBRT to medically operable 

patients as well, in view of the fact that SBRT appears to 

result in lower rates of complications and less downtime for 

patients, as compared to an open operation. 

However, there are no good prospective trials comparing 
the outcomes of lobectomy vs. SBRT in stage I NSCLC 
patients, and unfortunately it appears unlikely that a 

credible trial will be conducted any time soon, due to poor 

patient recruitment in previous attempts at these trials. 

Many existing studies claiming that SBRT is comparable 

to surgery in lung cancer should be viewed with caution 

due to their inherent flaws, such as a lack of a histological 
diagnosis of the primary tumor or histological confirmation 
of nodal involvement. Other matched retrospective analyses 

and large database studies with a confirmed histological 

diagnosis of NSCLC tend to suggest that surgery remains 

the superior option, with better disease control and patient 

survival. While retrospective studies may miss certain 

confounding factors, these studies are balanced by the large 

numbers of propensity-matched patients included in the 

analyses. Clearly, more high-quality studies comparing 

surgery and SBRT need to be carried out, but at the 

moment, any evidence claiming equivalency between the 

two procedures is weak. 

A central difference in comparing surgery vs. SBRT, is 

that surgical resection for lung cancer is a diagnostic, staging 

and therapeutic procedure all at the same time. Surgical 

resection confirms the histopathological diagnosis and 

provides additional staging information while removing the 

lung tumor. On the other hand, SBRT is solely a therapeutic 

procedure relying mainly on radiological imaging (and its 

attendant limitations) to convey information that will be 

incomplete without surgical resection. Surgery offers an 

advantage over SBRT in terms of the ability to remove the 

primary tumor and the surrounding lymph nodes during 

the operation, on which we can conduct histopathological 

studies that will provide us with information regarding the 

adequacy of treatment, allows for more accurate staging of 

the disease, and also alert us to the presence of microscopic 

dissemination of the tumor cells. The histopathological 

analysis can then provide a guide as to whether the patient 

requires further treatment and follow-up. 

Furthermore,  with advances in techniques and 

instrumentation, surgical outcomes are expected to improve 

and the pool of medically operable patients should likewise 

expand. Minimally invasive VATS lobectomy is now 

commonly performed as an alternative to thoracotomy-

lobectomy, resulting in decreased rates of complications 

and improved patient survival. Recent studies involving 

matched analyses of VATS lobectomy vs. SBRT have 

also shown VATS lobectomy to be the superior therapy, 

and with further refinement in surgical techniques (e.g., 

uniportal VATS, parenchymal sparing surgery and non-

intubated thoracic surgery), it can be expected that lung 

cancer surgery will only get safer with time. Therefore, 

surgical resection (preferably via VATS) should remain the 

treatment of choice for lung cancer patients who are eligible 

for surgery, until conclusively proven otherwise. 
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