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ABSTRACT Lobectomy and systematic nodal dissection are still the standard for small-size (,3 cm)

nonsmall cell lung cancer. There is growing interest in more parenchyma-sparing surgery, so-called

sublobar resections (wedge resection or segmentectomy). Indeed, nonrandomised trials suggest that a

segmentectomy may result in local control rates that are similar to lobectomy. Nonsurgical approaches,

such as stereotactic ablative radiotherapy, consistently result in local control rates of ,90% and survival

rates that are comparable to lobectomy. Therefore, we are moving towards an era in which several

therapeutic possibilities are available, that are probably equivalent from an oncological point of view.

Further trials are needed to define the optimal therapy for individual patients.
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Introduction
Nonsmall cell lung cancer (NSCLC) with a size of 3 cm, at maximum, is traditionally treated with a

lobectomy and mediastinal lymph node dissection. However, in recent years, there has been growing

interest to consider less extensive and hence more lung-sparing surgery as well as nonsurgical approaches,

such as stereotactic radiotherapy (SBRT) or stereotactic ablative radiotherapy (SABR) and radiofrequency

ablation for these tumours.

In this review, we will give an overview of current data on which techniques may be used outside clinical

trials. Indeed, in the absence of phase III randomised data and because neither sublobar resections nor

SABR are clearly superior to another for the whole patient population; we have attempted to give a balanced

view. Moreover, patient characteristics, tumour characteristics and local expertise should be taken into

account for each individual patient.

Surgical approaches
Surgery remains the cornerstone of treatment for early stage NSCLC, and lobectomy, including systematic

lymph node dissection, is considered the standard of care for patients with early stage NSCLC [1, 2]. To

date, sublobar resection is performed most often as an alternative to lobectomy in patients with peripheral

tumours with limited pulmonary reserve or other comorbidities [3–6]. The increased ability to identify

smaller NSCLC by enhanced computed tomography (CT) screening has led many surgeons to question the

appropriateness of lobectomy in all patients with small-sized NSCLC [7]. Furthermore, the growing

recognition that patients with smaller tumours are a favourable subset of patients with stage I NSCLC has

led to an increasing consideration of sublobar resection for patients with small-sized stage I NSCLC [8].

Several authors have identified the following three points concerning the usefulness of sublobar resection:

1) safety of the perioperative course [9, 10]; 2) effectiveness of preservation of pulmonary function

compared with lobectomy [11, 12]; and 3) oncologic outcome equivalent to lobectomy [13–15]. However,

these studies are clearly heterogeneous with regard to the risk status of the patients, the tumour biology and

the mode of sublobar resection. In addition, a population-based analysis demonstrated that lobectomy

conferred a significant survival advantage compared with segmentectomy [16]. However, a meta-analysis

and a review each concluded that segmentectomy provides a survival rate similar to that with lobectomy for

tumours f2 cm in size, but not for larger tumours [17, 18]. Thus, the role of sublobar resection in the

treatment of NSCLC has not been fully evaluated [19]. Accordingly, we need to comprehensively

understand the present and updated roles of sublobar resection for patients with NSCLC.

Advantages of sublobar resection
If less lung parenchyma is removed by sublobar resection, patients should benefit from both improved

perioperative outcomes (morbidity and mortality) and preserved pulmonary function.

ALTORKI et al. [9] reviewed the outcomes of 347 patients diagnosed with lung cancer who underwent

lobectomy (n5294) or sublobar resection (n553) for NSCLC in the International Early Lung Cancer

Action Program from 1993 to 2011. The mortality rate was 0% for the sublobar resection group and 1.0%

for the lobectomy group [9]. SCHUCHERT et al. [10] also reviewed the perioperative outcomes of 182

consecutive segmentectomies and 246 lobectomies for early stage NSCLC. They reported morbidity and

mortality rates of 32.4% and 1.1%, respectively, for anatomic segmentectomy, and 33.7% and 3.3%,

respectively, for lobectomy [10]. One report from a Japanese survey gave a mortality rate of 0.1% for

sublobar resection and 0.3% for lobectomy [20]. Thus, sublobar resection can be performed with

perioperative outcomes comparable to or better than those for lobectomy. However, the initial results of the

randomised, prospective American College of Surgeons Oncology Group (ACOSOG) Z0030 trials reported

morbidity and mortality rates of 46% and 3%, respectively, in the setting of anatomic segmentectomy, and

37% and 1%, respectively, in the setting of lobectomy [21].

KEENAN et al. [11] conducted a retrospective study to evaluate the degree of post-operative loss of

pulmonary function among patients who underwent segmental resection or lobectomy. They concluded

that segmental resection preserved pulmonary function better than lobectomy [11]. HARADA et al. [12] also

evaluated the degree of post-operative functional loss in patients who underwent segmentectomy or

lobectomy. They concluded that the extent of removed lung parenchyma directly affected post-operative

functional loss, even at 6 months post-surgery, and segmentectomy offered significantly better preservation

of function than lobectomy [12]. No previous studies have evaluated the degree of post-operative loss of

pulmonary function among patients undergoing wedge resection or lobectomy.

Thus, there is still some controversy regarding both the safety of sublobar resection and the preservation

of pulmonary function by sublobar resection. Whether or not sublobar resection actually improves
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perioperative outcomes (morbidity and mortality) and preserves pulmonary function should be

prospectively evaluated with an adequate number of patients.

Mode of sublobar resection
Sublobar resection generally refers to wedge resection and segmental resection (segmentectomy). Wedge

resection involves the macroscopic removal of the tumour with surrounding normal lung tissue and does

not follow anatomical boundaries. In contrast, segmentectomy involves the macroscopic removal of the

tumour with the division of vessels and bronchi that belong to a distinct anatomical segment(s). Thus,

draining lymphatics and veins of the tumour can be removed and a wider margin of resection compared

with wedge resection can be achieved by segmentectomy. This is the greatest benefit with the use of

segmentectomy. Theoretically, segmentectomy results in lower recurrence rates than wedge resection. In

fact, several studies have demonstrated that segmentectomy is associated with a decreased risk of local

recurrence compared with wedge resection [22, 23].

However, segmentectomy has some disadvantages compared with wedge resection. Since selective isolation

and division of the targeted bronchovascular pedicle for each segment should be performed, segmentectomy

inevitably takes longer and carries the possibility of considerable bleeding compared with wedge resection.

In fact, the Japanese survey mentioned previously reported an in-hospital mortality rate of 0.3% for

segmentectomy and 0.2% for wedge resection [20]. Wedge resection might be a less invasive procedure than

segmentectomy. Segmentectomy also may not always be technically feasible and is best suited to the left upper

lobe (lingula, apicoposterior and anterior segments) and the apical segment of both lower lobes [24, 25].

Thus, the superiority of segmentectomy over wedge resection might depend on several factors, such as the risk

status of the patient or the tumour location.

While segmentectomy has been believed to be superior to wedge resection, the potential benefits and

limitations of segmentectomy should be fully considered.

Indications for sublobar resection
Patients with NSCLC who are candidates for surgery are divided into two groups: standard-risk patients and

high-risk patients. High-risk patients are those who have poor pulmonary reserve or other limiting factors

and who could withstand thoracotomy but not lobectomy. Patients with prior resection and elderly

patients, even if they have normal pulmonary function, might also be considered high risk [26–28]. The

American College of Surgeons Oncology Group/National Institutes of Health inoperability criteria for lung

surgery have often been used to identify high-risk patients [29]. An algorithm for the assessment of

cardiopulmonary reserve before lung resection in lung cancer patients, proposed by the European

Respiratory Society/European Society of Thoracic Surgery, has also been widely used [30]. However, these

approaches cannot identify every high-risk patient since patients with good cardiopulmonary function are

sometimes considered to be poor surgical candidates due to other non-cardiopulmonary comorbidities. As

an exceptional case, some patients with a very low pre-operative forced expiratory volume in 1 s (FEV1) or

FEV1/forced vital capacity ratio are less likely to lose pulmonary function after lobectomy and may actually

see improvements [31]. The chronic obstructive pulmonary disease (COPD) index may be useful for

predicting the change in FEV1 after lobectomy. In addition to the former two major criteria, these findings

should be considered in patients with severe COPD. Thus, there is still an important issue/controversy in

the definition of high-risk patients.

There are two clearly different rationales for the use of sublobar resection in patients with NSCLC; an

intentional limited resection and a compromised limited resection. Sublobar resection for standard-risk

patients is performed as an intentional limited resection. Intentional limited resection may also include

sublobar resection for patients with noninvasive or minimally invasive tumour that is sufficiently curable by

limited resection. In contrast, sublobar resection for high-risk patients is performed as a compromised

limited resection.

There are crucial differences in the role of sublobar resection as intentional limited resection and as

compromised limited resection. In the intentional setting, patients with sublobar resection must have

perioperative and oncological outcomes equivalent to those of patients with lobectomy. Patients with

intentional sublobar resection must not experience special forms of loco-regional recurrence, which may

not occur if they had undergone lobectomy. The importance of adequate hilar/mediastinal staging to avoid

erroneous downstaging of the disease cannot be overemphasised. In contrast, oncological outcomes in the

compromised setting might be inevitably worse than those in the intentional setting. Therefore, surgeons

should focus on the balance between the risks and benefits when deciding upon the mode of resection. They

should also consider nonsurgical therapeutic options, such as SBRT or radiofrequency ablation.
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Intentional limited resection
Only one randomised study, by the Lung Cancer Study Group [32], has compared lobectomy with

intentional sublobar resection (segmentectomy or wedge resection) in patients with stage I NSCLC. The

results of this study showed a three-fold increase in local recurrence for patients with sublobar resection

compared to those with lobectomy, but no significant difference in overall survival [32].

Since then there have been five studies on intentional limited resection performed in Japan (table 1).

KODAMA et al. [33] reported the results of intentional limited resection (segmentectomy) for T1 N0 M0

NSCLC at a single institution. The overall 5-year survival rate was 93% and the local recurrence rate was

8.7% [33]. TSUBOTA et al. [34] reported the early results of a prospective, multicentre trial of limited surgical

resection (segmentectomy) for peripheral NSCLC f2 cm in size. The overall 5-year survival rate was 91%

and the recurrence rate was 2% [34]. OKADA et al. [35] also reported the results of a prospective,

nonrandomised, multicentre trial that compared sublobar resection (n5305) to lobectomy (n5262) for

NSCLC f2 cm in size. The local recurrence rate was 4.9% in the sublobar resection group and 6.9% in the

lobectomy group. The disease-free and overall survival rates were similar in the two groups, with 5-year

survival rates of 85.9% and 89.6%, respectively, for the sublobar resection group and 83.4% and 89.1%,

respectively, for the lobectomy group [35]. Furthermore, KOIKE et al. [36] retrospectively reviewed 223

patients with small (f2 cm in size) peripheral NSCLC who underwent intentional segmentectomy at their

institution. The 5- and 10-year overall survival rates were 89.6% and 81.0%, respectively. The local

recurrence rate was 3.6% [36]. More recently, TSUTANI et al. [37] reported the results of a multicentre trial

that compared intentional segmentectomy (n598) to lobectomy (n5383) for stage IA adenocarcinoma.

The local recurrence rate was 3% in the segmentectomy group and 4.4% in the lobectomy group. The

recurrence-free and overall survival rates were similar in the two groups, with 3-year survival rates of 91.4%

and 96.9%, respectively, for the segmentectomy group and 87.3% and 94.1%, respectively, for the

lobectomy group [37]. The most crucial point in these studies is intra-operative adequate hilar/mediastinal

nodal staging by complete lymph node dissection or nodal sampling. If there were any findings during the

operation, such as lymph node metastasis or a surgical margin that was insufficient for sublobar resection,

the operative procedure was altered to lobectomy.

There are two ongoing randomised, phase III trials of lobectomy versus sublobar resection for small

(f2 cm) peripheral NSCLC; JCOG 0802 and CALGB 140503, respectively. The Japanese phase III study is

evaluating the non-inferiority in overall survival of segmentectomy compared with lobectomy in patients

with small-sized (f2 cm) peripheral NSCLC, excluding radiologically determined noninvasive cancer. The

primary end-point is overall survival. The planned sample size is 1100 patients, with 550 cases per arm [38].

In the USA, a recently initiated randomised controlled trial in approximately 1200 patients is comparing

lobectomy to limited resection (segmentectomy or wedge resection) for the treatment of patients with

NSCLC f2 cm in size. The primary objective is to determine whether disease-free survival after sublobar

resection is non-inferior to that after lobectomy in patients with small peripheral (f2 cm) NSCLC [39].

Sublobar resection for a tumour without metastatic potential or with low metastatic potential is also

considered to be an intentional limited resection. Adenocarcinoma in situ, which was formerly known as

bronchioloalveolar carcinoma, is a small (f3 cm) solitary adenocarcinoma that consists of purely lepidic

growth without invasive foci. Minimally invasive adenocarcinoma is a small (f3 cm) solitary

adenocarcinoma with invasive foci f5 mm [40]. Adenocarcinoma in situ and minimally invasive

adenocarcinoma represent a completely separate group of adenocarcinomas since they show 100%, or near-

100%, disease-specific survival, respectively, if completely resected [41, 42]. Therefore, adenocarcinoma in

situ and minimally invasive adenocarcinoma are candidates for the use of intentional sublobar resection.

KOIKE et al. [43] conducted a prospective, phase II study to evaluate limited resection for noninvasive

bronchioloalveolar carcinoma diagnosed by intra-operative pathological examination. In their study, 44

patients underwent wedge resection and two underwent segmentectomy. Permanent pathological

examination revealed that three patients had primary lung adenocarcinomas other than noninvasive

bronchioloalveolar carcinoma. The predictive value of intra-operative pathological examination for

noninvasive bronchioloalveolar carcinoma diagnosis was 94%. The 5-year cancer-specific survival rate was

100% [43]. Other reports have demonstrated a similar outcome [44, 45]. Ground-glass opacity with little

or no consolidation on high-resolution represents adenocarcinoma in situ or minimally invasive

adenocarcinoma. SUZUKI et al. [46] reported the results of the JCOG0201 study and demonstrated that

radiological noninvasive peripheral lung adenocarcinoma could be defined as an adenocarcinoma f2.0 cm

with f0.25 consolidation on high-resolution CT. In addition, the phase II trial JCOG0804 was conducted

to evaluate limited surgical resection for ‘‘radiological early lung cancer’’ as defined by JCOG0201. Patient

accrual is now complete. Over the next 10 years, this study will determine whether their criteria for early
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lung adenocarcinomas are adequate. Thus, adenocarcinoma in situ and minimally invasive adenocarcinoma

represent ideal lesions for which limited resection gives results equivalent to lobectomy.

At present, intentional limited resection is mainly performed for small-sized NSCLC f2 cm, and the

favourable results of intentional sublobar resection have been based on several nonrandomised studies. We

need to await the results of ongoing randomised trials that are assessing the utility of sublobar resection for

small-sized NSCLC; they will likely provide important contributions to the role of intentional limited

resection. Until then, lobectomy remains the standard procedure even for small NSCLC and sublobar

resection should still be performed only in a clinical trial setting. In contrast, intentional limited resection is

appropriate for small NSCLC that present as ground-glass opacities or semi-solid lesions, which represents

adenocarcinoma in situ or minimally invasive adenocarcinoma under the condition of proper radiological

and pathological examination.

Compromised limited resection
High-risk patients who are not eligible for lobectomy because of poor pulmonary reserve or other major

comorbidities are still candidates for surgery. Sublobar resection, either segmentectomy or wedge resection,

is appropriate for these patients. There have been three types of reports on the results of sublobar resection

as a compromised limited resection: those that included only segmentectomy, those that included both

segmentectomy and wedge resection, and those that included only wedge resection. The results of the

compromised limited resection are summarised in table 2.

DONAHUE et al. [47] reported the results of anatomic segmentectomy in 113 compromised patients with

NSCLC. The indications for segmentectomy were poor pulmonary function, comorbidities or the surgeon’s

judgment. The local recurrence rate was 12.7% and the 5-year recurrence-free survival rate was 79% for

stage IA patients with T1a lesion (n563) [47]. SCHUCHERT et al. [48] also conducted a similar study with 785

patients who underwent anatomic segmentectomy. The decision to perform segmentectomy was based on

tumour size, location (peripheral lesions f2 cm in size), the patient’s underlying cardiopulmonary status

and other relevant comorbidities. The local recurrence rate was 5.2% and the 5-year recurrence-free survival

rate was 77% for 325 patients with stage IA NSCLC [48]. Thus, the 5-year survival rate of patients with

compromised segmentectomy seems to be 5–10% lower than that of patients with intentional

segmentectomy. EL-SHERIF et al. [49] retrospectively reviewed the outcomes of 784 patients with stage I

NSCLC treated with lobectomy (n5577) or sublobar resection (segmentectomy: n585, wedge resection:

n5122). Sublobar resection was performed for patients with cardiopulmonary impairment that precluded

lobectomy. The local recurrence rate was 7.2% for the sublobar resection group and 4.2% for the lobectomy

group. The 5-year disease-free survival rate was 40% for the sublobar resection group and 54% for the

lobectomy group [49]. WOLF et al. [50] also retrospectively reviewed the outcomes of 238 patients with

clinical T1a N0 M0 NSCLC treated with lobectomy (n584) or sublobar resection (segmentectomy: n524;

wedge resection: n5130). Patients who underwent sublobar resection were older and had worse pre-

operative pulmonary function. The local recurrence rate was 16% for the sublobar resection group and 8%

for the lobectomy group. The 5-year survival rate was 59% for the sublobar resection group and 80% for the

lobectomy group [50].

LANDRENEAU et al. [51] analysed the outcomes of a series of patients with peripheral stage IA (T1 N0 M0)

NSCLC treated with open lobectomy (n5117), open wedge resection (n542) or video-assisted

thoracoscopic surgery wedge resection (n560). Patients with a significant impairment of their physiologic

condition underwent wedge resection based on the surgeon’s decision. There was a trend toward increased

local recurrence in the wedge resection group (16%) compared to the open lobectomy group (9%),

although this difference was not statistically significant. While there was no significant difference in overall

survival between patients treated with video-assisted thoracoscopic surgery wedge resection compared to

open lobectomy, there was a significant decrease in overall survival for patients with open wedge resection.

The 5-year survival rates were 58% for patients with open wedge resection, 65% for those with video-

assisted thoracoscopic surgery wedge resection and 70% for those with lobectomy [51].

Thus, several reports have suggested that high-risk patients with wedge resection have a worse prognosis

than those with segmentectomy, although there is considerable patient selection bias with regard to the

physiological status of the patient and the tumour biology.

A few reports have compared segmentectomy to wedge resection for high-risk patients with NSCLC. SIENEL

et al. [52] reported the results of sublobar resection (segmentectomy: n556; wedge resection: n531) in

patients with stage IA NSCLC. The local recurrence rate was 16% for the segmentectomy group and 55% for

the wedge resection group. The cancer-related 5-year survival rate was 71% for the segmentectomy group

and 48% for the wedge resection group [52].
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Several authors have reported the usefulness of adjuvant radiotherapy or brachytherapy for reducing local

recurrence after sublobar resection. FERNANDO et al. [53] concluded that intraoperative brachytherapy might

reduce local recurrence. More recently, the American College of Surgeons Oncology Group conducted

a randomised study (Z4032) that compared sublobar resection alone to sublobar resection with

brachytherapy for high-risk operable patients with NSCLC [54].

Patients with compromised limited resection tend to have a higher recurrence rate and a lower survival rate

than those with intentional limited resection. The superiority of segmentectomy to wedge resection in these

populations has not yet been clarified because there has been no formal comparison of segmentectomy to

wedge resection. Furthermore, there has been no comparison of sublobar resection with nonsurgical

treatment, such as SBRT or radiofrequency ablation. Prospective, randomised studies will be needed to fully

delineate the utility of sublobar resection, SBRT or radiofrequency ablation in high-risk patients with NSCLC.

Stereotactic radiotherapy or stereotactic ablative radiotherapy
The gold standard for treating stage I NSCLC is a lobectomy with systematic nodal dissection [49].

However, due to comorbidities this treatment is deemed unfeasible in a significant proportion of patients,

for which alternatives were sought [50–53]. Pioneered in Japan, SBRT or SABR has been introduced in

clinical practice in the past decade [50–53].

In SABR, a few fractions of very high doses of radiation are delivered to small tumours that are located in

lung regions able to sustain an ablative dose of radiotherapy. In most studies, so-called ‘‘central’’ tumours,

e.g. those remote from the more susceptible central mediastinal structures such as the main bronchi, large

vessels and the oesophagus, are not included [54]. Although some centres advocate SBRT in central

tumours [55], this is the subject of an ongoing phase II trial, LUNG-TECH, led by the European

Organisation for Research and Treatment of Cancer. The advantages of SABR compared with conventional

irradiation are a short overall treatment time (1–2 weeks) and a very high biologically effective dose. SABR

offers the possibility to minimise the time investment for treatment and toxicity, which is of obvious benefit

for medically inoperable patients suffering from major comorbidities or advanced age. SABR requires highly

specialised radiotherapy preparation and execution techniques including four-dimensional respiratory

correlated CT scans and image-guided radiotherapy.

45 studies concerning SABR in early stage NSCLC have been reported [56]. 13 studies including 996

patients were prospective, and 32 studies including 2645 patients were retrospective.

The results of the prospective trials with SABR are summarised in table 3 [52, 57–73]. The 2-year overall

survival was 65.2%, with a 2-year local tumour control rate of 90.4%. When all 45 studies on SABR,

totalling 3641 patients, were considered, the 2-year overall survival was 70% (95% CI 67–92%) and the

average local tumour control rate after 2 years was 91% (95% CI 90–93%) [56]. Even though the patient

selection may have been different between studies and older reports used inevitably simpler techniques,

neither the 2-year overall survival nor the 2-year local tumour control rate different significantly [56]. The

2-year local tumour control rate was 91% (95% CI 89–93%) for linear accelerator-based techniques, 88%

(95% CI 78–94%) for Cyberknife (Accuracy Inc., Sunnyvale, CA, USA), and 80% (95% CI 68–91%) for

other technologies. The 2-year overall survival was 69% (95% CI 66–71%) for linear accelerator-based

techniques, 73% (95% CI 61–83%) for Cyberknife and 75% (95% CI 65–83%) for other technologies. These

figures remained stable for at least 5 years [68]. After 5 years, the loco-regional recurrences rates were

,15%, with ,20% of the patients developing distant metastases [68]. Considering the robustness of these

findings within many studies worldwide, it is fair to state that SBRT has been proven to be comparable to

outcome of lobectomy and lymph node dissection [69, 70]. Indeed, in the International Association for the

Study of Lung Cancer database, which also comprises a large, relatively non-selected group of patients, the

2-year overall survival was 68% (66–70%) [56].

The toxicity of SABR is favourable; ,10% of the patients experienced important side-effects, which also

makes SABR suitable for elderly and/or frail patients [68, 71]. Pulmonary function (FEV1 and diffusing

capacity of the lung for carbon monoxide (DLCO)) does not deteriorate after SABR, even in individuals with

a poor baseline lung function [72]. Therefore, SABR is not contraindicated in patients with severe COPD [72].

Therefore, SABR has become the treatment of choice for inoperable patients with stage I NSCLC and is

possibly competitive with lobectomy.

In some patients, mainly due to poor pulmonary function or other comorbidities, a pathological diagnosis

of the tumour cannot be obtained. In these cases, algorithms have been developed that allow the a priori

criteria for malignancy to be calculated. In Europe, the probability for malignancy is .95% when a lesion is

new, has CT characteristics of malignancy and is 2-fluoro-2-deoxy-D-glucose (FDG) avid [74]. In the

NONSMALL CELL LUNG CANCER | D. DE RUYSSCHER ET AL.

DOI: 10.1183/09031936.00020214 7



T
A

B
L

E
3

S
u

m
m

a
ry

o
f

p
ro

sp
e

ct
iv

e
tr

ia
ls

w
it

h
st

e
re

o
ta

ct
ic

ra
d

io
th

e
ra

p
y

F
ir

st
a

u
th

o
r

[r
e

f.
]

S
tu

d
y

d
e

si
g

n
P

a
ti

e
n

ts
n

S
ta

g
e

M
e

d
ia

n
a

g
e

ye
a

rs
T

o
ta

l
d

o
se

G
y

D
o

se
p

e
r

fr
a

ct
io

n
G

y
2

-y
e

a
r

o
ve

ra
ll

su
rv

iv
a

l
%

2
-y

e
a

r
lo

ca
l

re
cu

rr
e

n
ce

B
A

U
M

A
N

N
[5

8
]

P
ro

sp
e

ct
iv

e
5

7
I

7
5

4
5

3
6

5
N

o
t

re
p

o
rt

e
d

B
R

A
L

[6
2

]
P

ro
sp

e
ct

iv
e

4
0

I
(n

5
3

8
)

7
3

6
0

3
–

4
5

2
N

o
t

re
p

o
rt

e
d

F
A

K
IR

IS
[6

3
]

P
ro

sp
e

ct
iv

e
7

0
I

N
o

t
re

p
o

rt
e

d
6

0
–

6
6

3
6

2
9

5

F
R

IT
Z

[6
4

]
P

ro
sp

e
ct

iv
e

4
0

I
7

4
3

0
1

6
3

9
5

L
E

[6
5

]
P

ro
sp

e
ct

iv
e

2
0

I
N

o
t

re
p

o
rt

e
d

1
5

–
3

0
1

6
4

7
0

M
A

T
S

U
O

[6
6

]
P

ro
sp

e
ct

iv
e

1
0

1
I

7
7

4
8

4
8

0
9

3

S
A

L
A

Z
A

R
[6

7
]

P
ro

sp
e

ct
iv

e
6

0
I

N
o

t
re

p
o

rt
e

d
4

0
4

N
o

t
re

p
o

rt
e

d
N

o
t

re
p

o
rt

e
d

S
H

IB
A

M
O

T
O

[6
8

]
P

ro
sp

e
ct

iv
e

1
8

0
I

7
7

4
4

–
5

2
4

8
0

8
5

T
A

R
E

M
I

[6
9

]
P

ro
sp

e
ct

iv
e

1
0

8
I

7
3

4
8

–
6

0
3

–
1

0
6

3
N

o
t

re
p

o
rt

e
d

T
IM

M
E

R
M

A
N

[7
0

]
P

ro
sp

e
ct

iv
e

5
5

I
7

2
5

4
3

7
3

N
o

t
re

p
o

rt
e

d

V
A

H
D

A
T

[7
1

]
P

ro
sp

e
ct

iv
e

2
0

I
7

5
4

2
–

6
0

3
9

0
9

5

W
ID

D
E

R
[7

2
]

P
ro

sp
e

ct
iv

e
2

0
2

I
7

6
6

0
3

–
8

7
2

9
5

X
IA

[7
3

]
P

ro
sp

e
ct

iv
e

4
3

I
(n

5
2

5
)

7
1

5
0

5
7

8
9

5

NONSMALL CELL LUNG CANCER | D. DE RUYSSCHER ET AL.

DOI: 10.1183/09031936.000202148



absence of a clear alternative diagnosis, SABR may be delivered without pathology [74]. Nevertheless, it

should be stressed that a pathological diagnosis should always be preferentially obtained whenever possible.

The prognosis of patients treated with SABR with or without a pathological diagnosis is similar [75]. This

supports the use of the above-mentioned algorithm, at least in Europe where other diseases mimicking

malignant coin lesions are very rare.

Historically, patients referred for SABR were the older and/or frailer patient group. With the recognised

success of SABR, more borderline operable or even operable patients that refuse surgery are being treated

with radiotherapy. In both cases, thorough staging is advised. Indeed, besides the detection of distant

metastases by a whole-body FDG-positron emission tomography-CT scan, mediastinal and hilar lymph

node involvement should be identified as it will alter the local and systemic treatment. As ,15% of the

patients fail in the lymph nodes [76], endobronchial ultrasound/endoscopic ultrasound and, when

appropriate, mediastinoscopy should be considered, taking into account the general condition and the

comorbidities of the patient.

In particular, in patients who are potential candidates for salvage surgery early detection of local recurrences

after SABR are particularly challenging. All patients show persistent and even fluctuating changes in the

lungs [77]. Therefore, it is important to discuss follow-up scans multidisciplinary with experts that take into

account not only tumour size, but also other morphological criteria [77]. FDG-positron emission

tomography-CT scans may be falsely positive after SABR and should be interpreted in the context of other

diagnostic criteria [77].

Sublobar resection: SABR of radiofrequency ablation?
In recent years, sublobar resections have gained popularity as a way to spare lung tissue. Randomised trials

comparing lobectomy to sublobar resections are underway. At the time of writing, no phase III comparisons

have been reported on SABR versus sublobar resections.

In an attempt to indirectly compare SABR to sublobar resections and radiofrequency ablation, CRABTREE

et al. [78] compared the selection criteria and short-term outcomes of three prospective clinical trials using:

SABR in the Radiation Therapy Oncology Group (RTOG) trial 0236), sublobar resection in the ACOSOG

trial Z4032, and radiofrequency ablation in the ACOSOG trial Z4033. Although the patients in ACOSOG

Z4033 were older (75.6¡7.5 years) than those in RTOG 0236 (72.5¡8.8 years) and ACOSOG Z4032

(70.2¡8.5 years; p50.0003), the pre-treatment FEV1 was 61.3¡33.4%, 53.8¡19.6% and 48.8¡20.3% for

RTOG 0236, ACOSOG Z4032 and ACOSOG Z4033 (p50.15), respectively. The pre-treatment DLCO was

61.6¡30.2%, 46.4¡15.6% and 43.7¡18.0% for RTOG 0236, ACOSOG Z4032 and ACOSOG Z4033

(p50.001), respectively. The overall 90-day mortality for SABR, sublobar resection and radiofrequency

ablation was 0%, 2.4% (five out of 211) and 2.0% (one out of 51) (p50.5), respectively. Overall, the

unadjusted 30-day grade 3 or more adverse events were more common with sublobar resection than with

SABR (28% versus 9.1%, p50.004), although there was no difference between the two groups at 90 days. Of

the patients with clinical stage IA in ACOSOG Z4032, 29.3% had a more advanced pathological stage at

surgery. A propensity-matched comparison showed no difference between SABR and sublobar resection for

30-day grade 3 or more adverse events (OR 2.37 (95% CI 0.75–9.90); p50.18). Neither FEV1 nor DLCO

declined after SABR or sublobar resection. There were not enough data on radiofrequency ablation

outcomes to draw conclusions.

Conclusions
Lobectomy and systematic nodal dissection are still the standard for small-size (,3 cm) NSCLC.

Nonrandomised trials suggest that a segmentectomy may result in local control rates that are similar to

lobectomy. Nonsurgical approaches, such as SABR, consistently result in local control rates of ,90% and

survival rates that are comparable to lobectomy. Short-term results for radiofrequency ablation are also

comparable to sublobar resection and SABR, but there is a lack of long-term results. Until the results of

randomised clinical trials become available, both SABR and sublobar resection may be offered to

appropriate patients.
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