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Introduction

Epidemiology

Lung cancer remains a leading cause of cancer related mortality 
with the WHO reporting 1,380,000 deaths from it in 2008 
(Figure 1) (1). It is the most common cancer in men worldwide, 
fourth in women and globally is responsible for more deaths that 
breast and prostate cancer combined. Tobacco consumption is 
incriminated in 85-90% of lung cancer cases.

In Australia, lung cancer is the 5th most commonly diagnosed 
cancer (2). It poses a significant health burden with an incidence 
rate of 43.2 cases per 100,000 people. Lung cancer is also the 
most common cause of cancer death accounting for 18.9% of all 
cancer deaths (2). Survival rates overall are poor, but the trend is 

improving with time, being 8.7% for 1982-1987 and increasing 
to 14.1% for 2006-2010 (3).

Worldwide the epidemiology varies due to socio-economic 
factors. In more developed countries the incidence is falling in 
men but is still rising in women (1) largely due to successful efforts 
at tobacco control and smoking cessation efforts (Figures 2-4). 
Peak incidence in more developed countries is now in the 8th 
decade. In less developed countries the lung cancer epidemic is 
in an earlier phase. Incidence is low but rising rapidly in men and 
women, and peak incidence occurs 2 decades earlier.

Tumour pathology—non-small cell lung cancer (NSCLC) 

Recent developments in molecular profiling have accentuated 
the role of the pathologist within the multi-disciplinary team. 
No longer is it appropriate for the pathologist to determine 
simply whether a specimen is either small cell or NSCLC. In 
more developed countries there has been a marked change in the 
histopathologic profile of non-small cell carcinoma, squamous 
cell carcinoma no longer being the most common cell type. 
Recent trends show a significant increase in adenocarcinoma and 
a shift towards more peripheral squamous cell tumours (4).

Additionally the subclassification of adenocarcinoma into 
recognizable histologic groups has important prognostic and 
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therapeutic implications. The pathologist will now routinely be 
required to perform an ever increasing array of tumour genomic 
assays as many unique tumour mutations and amplifications 
have been identified that allow targeted therapeutic options. The 
testing for these mutations is becoming cheaper and in many 
centres it is now routine to have results on the EGFR and ALK 
mutation status of all adenocarcinomas. These can be tested on 
fewer cells, in some cases only 100 cells may be required (5).

Koudelakova et al. recently reviewed the clinically relevant 
driver mutations (6). Epidermal growth factor receptor (EGFR) 
gene mutations occur in 10-30% of patients with non-small 
cell lung cancer (6,7). Tyrosine kinase inhibitors (TKI) have 
been demonstrated to show responses in 70-80% of patients 
with this mutation (6,7). Erlotinib and gefitinib have higher 
response rates and longer progression free survival compared 
to chemotherapy. Response rates in EGFR negative patients are 
low. Adenocarcinomas, females and non-smokers have been 
shown to respond better. Current recommendations are that all 
newly diagnosed patients with advanced NSCLC be tested, and 
if positive, should be commenced on a TKI.

The anaplastic lymphoma kinase (ALK) oncogene has been 
found in 5% of patients, increasing to as high as 20% in light or 
non-smokers (8). Crizotinib, an ALK TKI, has been shown to be 
effective and phase III trials are ongoing. It is recommended that 
this mutation also be tested for.

The thoracic surgeon needs to be well aware of these 
developments not only to counsel the patient about the 

implications of such tests in resected specimens but to be fully 
involved within the multi-disciplinary team during discussions 
for “more tissue” (9). In patients with advanced metastatic 
disease, it is imperative that the surgeon brings to the table 
a realistic assessment of the risk/benefit of the proposed 
procedure, has knowledge of the chances of a positive result and 
is fully aware how much tissue is required before embarking on 
further invasive procedures.

Surgery—where are we now?

Surgical management is the standard of care for stage I and 
II in patients who are medically fit even though there are not 
randomised controlled trials of surgery versus other therapy in 
these patients (10,11). Expected 5-year survival figures are 60-80%  
for stage I and 40-60% for stage II. In a meta-analysis on the 
role of surgery, Wright et al. analysed trials of surgery against no 
treatment or non-surgical treatment, concluding that they could 
neither support nor discount the survival benefit of surgery but 
that “a little surgery was better than none” (12). There also is a 
role for surgery in selected stage IIIA cases, usually in a multi-
modality setting, and even highly selected cases of stage IIIB and 
IV cases surgery may merit consideration.

Staging for lung cancer currently fol lows the TNM 
classification in its 7th edition and the reader is referred to 
the IALSC Staging Manual in Thoracic Oncology (13). There 
has been a logical evolution in trying to select those patients 

Figure 1. Cancer incidence and mortality worldwide. Ferlay J, Shin HR, Bray F, Forman D, Mathers C and Parkin DM. GLOBOCAN 2008 v2.0, Cancer 
Incidence and Mortality Worldwide: IARC CancerBase No. 10. Lyon, France: International Agency for Research on Cancer; 2010. Available from: 
http://globocan.iarc.fr, accessed on 14/05/2013.
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who will benefit from surgical resection and to exclude those 
in whom surgery will offer no assistance, the so called ‘futile 
thoracotomy’. The dominant focus is the status of the mediastinal 
lymph nodes. After the introduction of invasive mediastinal 
assessment by Daniels [1949], Carlens [1959] and McNeill and 
Chamberlain [1966], these became the traditional preoperative 
modes of assessment for the next 40 years (14-16). Accuracy 
was quite high and these techniques became well established. 
Cervical mediastinoscopy however, is difficult to teach, and in 
inexperienced hands a procedure with morbidity and mortality 

rates. In general, there is strong evidence to suggest that it 
has been underutilized particularly in low volume centres as 
outlined in the review by Little et al. in 2005 (17). Video-assisted 
mediastinoscopy has been a considerable advance providing 
improved visualization especially for training purposes.

Over the last 30 years Computed Tomography (CT), has 
come to occupy a central role in assessing the intrathoracic 
extent of disease and occasionally detects occult distant disease. 
Assessment of the T component of stage is assisted by CT scan 
but all surgeons will be aware of the uncertainties in deciding 

Figure 2. Incidence and mortality of lung cancer in men and women.
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resectability from the CT scan. MRI is usually reserved for apical 
sulcus lesions and sometimes T4 tumours in which the ability 
to reconstruct in oblique axes may be advantageous. Nodal 
assessment by CT scan has limited accuracy particularly with 
nodes <15 mm in short axis dimension. At least 20% of sub-
centimetre nodes ultimately are confirmed to be malignant and 
around 40% of nodes ‘enlarged’ by CT criteria are benign (18).

Positron Emission Tomography (PET) combined with CT 
(PET-CT) scanning has revolutionized lung cancer staging and 
represents the biggest single advance in this field. When available, 

it should be a routine part of staging in all potentially resectable 
lung cancers, perhaps with the exception of sub-centimetre screen-
detected lesions. PET scanning will often show unexpected uptake 
in nodal or distant sites. Whilst most of these lesions will be 
shown to be metastatic deposits, false positive uptake is known to 
occur, the incidence varying between geographical locations. It is 
thus important that each unit understands the incidence of false 
positive uptake in its own population and ensures that no one is 
denied curative surgery inappropriately. In doubtful cases biopsy 
of the area of uptake is recommended.

A B

Figure 4. Trends in incidence of lung cancer in women.

Figure 3. Trends in incidence of lung cancer in men.
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The introduction of endobronchial ultrasound (EBUS) has 
further revolutionised staging of the mediastinum and for that 
matter, assessment of all cases of mediastinal adenopathy. It is now 
possible to diagnose and stage the lung cancer patient in a single 
outpatient procedure, avoiding ‘diagnostic’ and then ‘staging’ 
bronchoscopies (19). Surgeons should be driving this process.

In experienced hands EBUS has been shown to be highly 
sensitive and accurate with a lower complication rate than 
mediastinoscopy. Yasafuku has demonstrated the equivalence 
of EBUS transbronchial needle aspiration (TBNA) vs. 
mediastinoscopy and this would now be the procedure of choice 
for mediastinal staging (20). Endo-oesophageal ultrasound (EUS) 
has been used to stage the posterior mediastinum, evaluate the 
adrenals and even the left lobe of the liver. Whilst a meta-analysis 
has shown high sensitivity and specificity, the negative predictive 
value is limited (21). EBUS and EUS have a complementary role 
to play with reported accuracy of 95%, if available, they play an 
important role in minimally-invasive mediastinal staging (22).

In many units mediastinoscopy is reserved for the occasional 
patient where EBUS is negative but clinical suspicion of nodal 
disease is high, either as a primary staging or after induction 
therapy, or where mediastinal nodal involvement by sarcoid 
or lymphoma is suspected but the cores obtained at EBUS 
are non diagnostic. Surgeons should be performing these 
themselves and be au fait with on site pathologic assessment 
or have a close working relationship with physicians skilled in 
this technique. EBUS has an important role in preoperative 
determination of N1 disease. Far from irrelevant because it is 
still ‘surgical’, where resection is considered, N1 positivity may 
mean pneumonectomy and this has important implications for 
patient selection. At some centres, patients with N1 disease may 
undergo preoperative chemotherapy as it is better tolerated than 
in the adjuvant setting post pneumonectomy and downsizing 
bulky disease makes for a potentially more satisfactory surgical 
approach without an increase in morbidity.

The development of video-assisted mediastinal lymphadenectomy 
(VAMLA) and transcervical extended mediastinal lymphadenectomy 
(TEMLA) techniques have been described but as yet their role in 
primary evaluation of the mediastinum remains unclear (23).

VATS staging is occasionally necessary to evaluate a pleural 
effusion in which repeated aspirates have not confirmed a malignant 
cause, when nodal status remains unclear, especially in the aorto-
pulmonary zone or if pathological confirmation of additional 
pulmonary nodules is needed to decide appropriate therapy.

In parallel with the assessment of disease extent it is important 
to assess patient fitness for surgery. Guidelines on pre-operative 
evaluation of patients outline the efficient way to stage patients 
to allow decision making on interventions (24).

The ageing population in the developed world has meant 
that decision making on suitability for surgery is imperative. 
Risk factors for surgical morbidity and mortality include patient 

age, sex, American Society of Anaesthesiologists (ASA) score, 
performance status, surgical priority, comorbidity, induction 
chemoradiation, forced expiratory volume in 1 second (FEV1), 
renal dysfunction and body mass index (24). Algorithms on the 
fitness for surgery have been described by the ACCP, ERS, ESTS 
and BTS (24-26). Functional assessment includes a walk test and 
cardiopulmonary exercise testing. Surgeons need to bear in mind 
though that these tests do have shortcomings and in recognition 
of this, Lim et al. have proposed greater involvement of the 
patient in the decision making process (13,27).

In evaluating the trends in surgical resection in England, Riaz 
et al. noted that the resection rates were increasing despite the 
patient population becoming older, and that more segmental 
resections were being performed (28). Increasing age was found 
to be associated with a decreased likelihood of undergoing 
pneumonectomy or sleeve resection.

Exploratory thoracotomy rates have also dropped, as have the 
number of pneumonectomies performed. Five year survival for 
lobectomy and patients with adenocarcinoma was increased and 
the overall prognosis over time was found to be improved on 
multivariate analysis, attributed to earlier diagnosis (28,29).

Surgical technique

Surgical access for lung cancer resection remains topical. 
Thoracotomy has been the traditional approach for resection of 
lung cancers. Video-assisted thoracoscopic (VAT) lobectomy 
generates controversy in the surgical field and has been slow to gain 
popularity. It is not new, celebrating its 20th anniversary this year. 
It has evolved and been assisted by improvements in hardware. 
Advocates argue that the advantages; reduced pain, shortened 
hospital duration, decreased air leak, pneumonia and atrial 
arrhythmias favour VATS over traditional thoractomy (30,31). 
In addition, it has been argued that the increase in inflammatory 
mediators is less exuberant than with open surgery (32).  
The counter argument relates to the learning curve safety, 
patient selection, long term survival and the ability to perform 
an oncologically complete operation with adequate nodal 
dissection. The latter has been given increased relevance as the 7th 
edition of TNM requires a minimum number of lymph nodes to 
be removed and examined pathologically, to allow a pN category 
to be assigned and a complete R0 resection to be confirmed (13).

The publication of the phase II CALGB 39802 study 
established the feasibility of this approach and sought to offer 
a precise definition (33). It was demonstrated that, with a clear 
definition of the approach, complications were low and the 
survival compared favourably to open series. The VATS approach 
was less expensive, with lower morbidity than cases undergoing 
thoracotomy. In the absence of large scale randomised controlled 
trials, systematic reviews and meta-analyses of VATS lobectomy 
have demonstrated similar benefits (30,31,34). The use of 
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propensity matching, despite some obvious limitations has also 
been utilised to demonstrate the superior benefits over open 
thoracotomy (31).

To address the concerns regarding the safety, specifically 
regarding the management of bleeding, Yamashita et al. published 
their results with management of intra-operative vessel injury. In a 
review of 557 patients, there were 26 (4.7%) vascular injuries, 17 of 
which involved pulmonary arterial branches. Fifty percent of these 
required conversion to thoracotomy and another 23% required 
mini-thoracotomy. They also noted no differences in hospital stay 
and overall morbidity but an increase in surgical time and blood 
loss (35). This led to the conclusion that safety concerns were not 
significant enough to preclude the VATS approach.

Hanna et al. compared cancer specific and overall survival 
in a propensity matched cohort of 190 VATS patient with open 
lobectomy (36). No statistically significant difference in cancer 
specific (76.7% vs. 82.9%, P=0.170) or overall survival (64% vs. 
73%, P=0.170) was detected. Operative mortality and morbidity 
were similar in the 2 groups.

In a meta-analysis comparing the long term survival in 
patients undergoing VATS (n=2,106) and open surger y 
(n=2,661), Taioli et al. reviewed 20 observational studies. Long 
term survival was found to be increased in the VATS group with 
a 5% meta difference (95% CI, 3-6%) (37). Further evidence for 
at least an equivalent disease-free and overall survival was also 
provided by Kuritzky et al. (38).

Despite this, the uptake of this approach has been relatively 
slow. In a review of the STS General Thoracic Database, Paul 
et al. noted that in 2007, only 30% of all lobectomies were 
performed thoracoscopically (39).

Subsequent review of Nationwide Inpatient Sample Database 
by the same author encompassing 2007-2008, demonstrated that 
only 15% of lobectomies were thoracoscopic (40). Interestingly, 
the majority of these procedures (67%) were performed in 
teaching hospitals. Clear consensus on, and compliance with 
the definition of VATS lobectomy has hampered progress. 
Furthermore it is never clear what the comparator is for the open 
approach. Traditional posterolateral thoracotomy for lung cancer 
resection is clearly obsolete but this is often the “gold standard” 
against which VATS lobectomy is compared. The randomised trials 
do not address the observation that an experienced high volume 
surgeon, using a small 6-8 cm incision with limited rib spreading 
and standard techniques can achieve outcomes with open surgery 
equivalent or better than those published for VATS with less 
cost. Enthusiasm for ‘minimally invasive’ procedures needs to be 
tempered with tight cost evaluation and data that applies to the 
wider surgical community rather than specialist academic centres.

In an editorial commenting on VATS lobectomy, Wood 
noted that this procedure is still generally performed in high 
volume and academic centres. It is postulated that the improved 
outcomes noted in most studies relates to the surgeon rather 

than to the actual procedure (41). A similar point was raised by 
Farjah et al. noted that there was a higher hazard of death after 
VATS with low-volume surgeons (42). This is concerning and in 
our opinion likely to be under reported.

Many surgeons performing lung cancer surgery can do a safe 
operation with acceptable outcomes. The translation to the VATS 
approach however is not straightforward. Surgeons should look at 
their own results and outcomes. If they are equivalent (or better) 
to those published for VATS, they should not be under pressure 
to change technique. The vocal proponents of the VATS approach 
generally have set the baseline for the outcomes studies.

VATS lobectomy has clearly been demonstrated to be safe 
and oncologically effective, and more radical procedures are also 
being performed via this route. It is expected that uptake will 
increase with greater exposure during training of junior surgeons 
making it the standard of care in the future (43).

The extension of the multi-port approach is the single port 
technique pioneered initially by Rocco and now by Gonzales-
Rivas (44,45).

The lobectomy performed through the uniport incision 
follows standard procedure with individual ligation of vascular 
structures and bronchus with mediastinal nodal dissection. 
Visualisation is entirely via the videoscope. The technique has 
been well described (45). Advantages include vision directed to 
the target tissue, similar to open surgery and reduction of post-
operative pain. Uniportal VATS limited resections (wedge) can 
even be performed under locoregional anaesthesia in awake 
patients (46). The impending increase in referrals from the 
advent of screening programmes makes this approach important 
for the future. Clearly there is a learning curve and it has been 
suggested that surgeons already performing VATS lobectomy via 
the anterior approach may adapt to this technique earlier. Once 
again, surgeons must evaluate their current practice and make an 
assessment whether such a technique would be useful to them.

Robotic surgery is an extension of the VATS minimally 
invasive approach. Proponents argue that there is improved 
operative field visualisation and better wrist-like motion of 
the instruments with tremor filtration (47,48). Disadvantages 
include the added cost associated with the robotic technology. 
Proponents of the VATS approach also believe that it does 
not add more to an already well established surgical approach. 
Evaluating the robotic approach in a systematic review, Cao et 
al. found that the robotic procedure was safe and effective in 
specialized centres. Long term efficacy data was limited however 
and warranted further study (49). Procedures are generally 
performed via 2-3 ports and a utility incision with no rib spreading, 
generally following the CALGB VATS technique. This approach 
still allows lymph node dissection. Studies have demonstrated 
similar operative times after the initial learning curve, reduced 
hospitalization and time to normal activity with some evidence for 
reduced post-operative pain. Equivalent oncological results to open 
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thoracotomy have also been reported (50). The rate of conversion 
to open thoracotomy has been reported at 7-8% (47-52)  
In the largest reported series on robotic lobectomy, Park et al. 
reported an 80% overall 5-year survival with equivalent stage 
specific survival data compared to VATS approach. Whilst this 
was in a retrospective study that did not directly compare the 
2 approaches, it still demonstrates the oncological efficacy of 
robotic lobectomy (53).

Whilst technically feasible, widespread uptake in an era of 
cost containment is highly unlikely. It is a nice marketing tool 
where competition for patients is high. The same concerns 
regarding learning curve, training etc. for VATS exist here but are 
even more pertinent (54).

How much lung is enough? The role of sub-lobar resection

Sub-lobar resections consist of anatomical segmental resection 
and wedge resections that are non-anatomical. Wedge resections 
generally have a poorer outcome compared to anatomical 
resection. Nakamura et al. reported a 55.4% 5-year survival 
after wedge excision, lower compared to lobectomy (82.1%) 
and segmental resection (87.2%) (55). It is with this in mind 
that the rest of this discussion will focus mainly on anatomical 
segmentectomy.

Segmental resections for early stage lung cancer have 
traditionally been reserved for patients with limited functional 
reserve, medical co-morbidity and for older patients. This is 
largely in view of the only randomized trial available comparing 
lobectomy to sub-lobar resection by Ginsberg et al. for the Lung 
Cancer Study Group (56). They demonstrated an inferior 5-year 
survival with limited resection as well as a threefold increase in 
local recurrence rates for tumours smaller than 3 cm confirmed 
to be N0 at thoracotomy. The locoregional recurrence rate per 
person/year was 0.044 for segmental resection and 0.086 for 
wedge resections. This study was limited by the low number 
included in the study and the unavailability of PET at this time.

Wolf et al. reported their experience with segmental resections 
compared to open lobectomy. They found a trend to increased 
local recurrence with shorter overall and recurrence free survival 
in segmental resections (57). This survival difference should 
be taken in context though; there were a larger number of older 

patients with poor lung function in the segmental group.
In a meta-analysis comparing survival to lobectomy for stage I 

disease, Nakamura et al. demonstrated better survival, albeit not 
statistically significant, following lobectomy. There was however 
considerable heterogeneity at time points 3 and 5 years after 
resection (58).

Interpretation of the data is difficult as there are differences 
in the application of segmental resection, as well as the extent of 
mediastinal nodal dissection at the time of resection. Tumour 
histology also plays a role in the outcomes with slow growing 
adenocarcinoma demonstrating better results.

In the absence of randomised controlled trials, Tsutani et al.  
published a propensity matched analysis limited to patients 
with stage IA lung adenocarcinoma (59). They excluded 
wedge resections and demonstrated no difference in survival 
and recurrence free survival in all cohorts before and after 
propensity matching. Of note was the fact that they included 
segmental resections for TIb tumours based on the standardized 
uptake value (SUVmax) and high resolution computerised 
tomography (HRCT) findings. Solid tumour size on HRCT 
and lower SUVmax were independent prognostic factors and 
tended to predict less invasive tumours that were managed by 
segmentectomy.

Reviewing the Surveillance, Epidemiology and End Result 
(SEER) database, Kates et al. examined the survival outcomes 
following lobectomy and segmentectomy for stage I tumours 
up to 1 cm. They noted equivalent survival and commented 
that segmentectomy may be preferable given the lower rate of 
complications. No survival difference could be demonstrated 
before and after propensity matching (60). Yang and D’Amico 
reviewed the results of thoracoscopic segmentectomy for lung 
cancer. The trends in the literature suggest that this approach, 
specifically for early stage tumours and the low-grade, ground 
glass opacity (GCO) cases, which if < than 3 cm are now classified 
as adenocarcinoma in situ (AIS), is safe and feasible (61).  
Zhong et al. demonstrated similar local recurrence and equivalent 
5-year survival comparing thoracoscopic segmentectomy and 
lobectomy (62). The role of segmental resection is clearly being 
defined. Gorenstein et al. reviewed surgery for early stage cancer 
suggesting the following indications for sublobar resection 
(Table 1) (63). There are currently 2 randomised controlled 
trials that may clarify the role of limited resection, the CALGB 
140503 (segmentectomy and wedge resection) and JCOG0802/
WJOG4607L (segmentectomy). In these trials, selection for 
limited resection includes tumours 2 cm or less in size, peripheral 
tumours close to the outer third of the lung and good functional 
status. These results are awaited (64,65).

Lung preser vation is also behind the push for sleeve 
resections, either bronchial, pulmonary arterial or the double 
sleeve resection. These are indicated for tumour involving either 
the origin of a lobar bronchus or lobar branch of the pulmonary 

Table 1. Indications for sublobar resection.

Indications for sublobar resection in NSCLC

1. Peripheral tumour 2 cm or less

I1. Predominant ground glass appearance on CT scan

III. Patients 75 years or older

IV. FEV1 less than 60% of predicted

V. Presence of synchronous tumours
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artery that does not infiltrate as far as to require pneumonectomy. 
It allows patients who would not tolerate a pneumonectomy to 
undergo curative resection. D’Andrilli found that the oncological 
efficacy of sleeve resection is well established in stage I and II 
disease with some benefit in stage III over pneumonectomy. 
Quality of life, prognosis and morbidity were better in patients 
undergoing sleeve resection compared to pneumonectomy (66).  
Outcomes following resection and reconstruction of the 
pulmonary artery have been shown to be similar to standard 
lobectomy in selected patients (67).

Nodal dissection

There is ongoing controversy on the role of mediastinal node 
dissection during the resection. Nodal dissection allows accurate 
staging for prognostic purposes, thereby determining the need 
for adjuvant therapy and is necessary to ensure a complete R0 
resection as defined by Rami-Porta et al. (68). There is good 
evidence of improved “stage specific” survival as the number 
of nodes removed increase. It also removes microscopic nodal 
disease that may result in local recurrence. The extent of this 
nodal dissection has long been the subject of discussion.

Wu et al. reported improved overall survival in patients 
undergoing systematic nodal dissection (SND) which is the only 
internationally standardized technique for intrathoracic nodal 
evaluation (69-71). The ACOSOG Z0030 trial reported no 
difference in survival between patients thought to have no nodal 
disease or non-hilar N1 disease randomised to nodal sampling or 
more extensive nodal dissection (72). Of note is the fact that the 
ACOSOG Z0030 utilised intra-operative frozen section analysis 
to ensure negative nodal status before randomisation. This is the 
practice of one of the authors (PG) as well.

In a retrospective review, Cerfolio et al. documented a higher 
rate of N2 pick-up with mediastinal nodal dissection with no 
impact on survival (73). This was in normal day to day surgical 
practice with no intra-operative frozen section.

Arguments against the routine mediastinal nodal dissection 
include the possibility of increased operative time or post-
operative morbidity, a finding not supported by the ACOSOG 
Z0030. The 7th edition of TNM recommends that assessment 
of regional lymph node involvement be performed by the 
removal and subsequent pathological examination of a minimum 
of 6 nodes/stations, 3 from the mediastinum, including the 
subcarinal node (#7), and 3 from N1 zones.

Locally ablative therapy

Sub-lobar resection faces challenges from less invasive 
medical procedures. These include thermal ablation, either 
radio-frequency (RFA) or microwave, and stereotactic body 
radiotherapy (SBRT or stereotactic ablative radiotherapy—

SABR) which has demonstrated excellent primary tumour 
control which some say approaches that of lobectomy (74,75).

RFA is currently utilised for medically inoperable patients 
with early stage tumours, either stage I or II. It has also been used 
to manage patients with pulmonary metastases if <5 cm. Reports 
on the long term benefits are limited though. In an editorial by 
Fernando, questions on the role of RFA over SBRT are raised 
and highlight the possible deficiencies facing RFA (76).

Stereotactic body radiotherapy is mainly in patients deemed 
high risk for surgery. Senan et al. have demonstrated the efficacy 
of SABR for early NSCLC in medically inoperable patients (77). 
The data is based on progression-free survival which is a concern 
given the acknowledged difficulties in assessing progression after 
such treatment. In addition local progression may be under-
estimated if patients are not returned to the specialized centre 
for follow up. The diagnosis of malignancy was only confirmed 
in 31% of cases reported by Lagerwaard et al., a further area of 
concern (78). In a retrospective review of the SEER database, 
Fernandez et al. compared definitive radiation with sublobar 
resection in stage IA disease. The 3-year survival favoured 
sublobar resection in this cohort of high risk patients (79).

A phase III trial is currently underway comparing the 
sublobar resection with SBRT in high risk stage I disease (80).  
Patients will be randomised to either treatment arm but 
interestingly, no routine pre-operative mediastinal nodal staging 
will be performed which will result in some of the surgical arm 
being upstaged by nodal dissection. Despite this confounding 
factor the trial should help define the role of SBRT.

Lung cancer screening

The impact of Low-Dose CT (LDCT) screening for lung cancer 
will result in large numbers of patients being referred for the 
evaluation of nodules, many of which will not be malignant. 
Such evaluation requires a dedicated multidisciplinary approach 
if invasive investigations and resection for benign disease is to be 
kept at an acceptably low level. Such screening programmes will 
inevitably lead to an increased volume of patients with small lung 
cancers (1-2 cm) being presented for possible surgical resection.

The benefits of screening with low-dose CT scans are 
largely based on the results of The National Lung Screening 
Trial (NLST) published in 2011 (81). Comparing LDCT to 
chest radiographs, there was a 20.3% reduction in lung cancer 
related mortality and a 7% overall reduction in mortality.  
A caveat though was the false positivity rate of 95% in the NLST 
screening trial at prevalence screen. Surgical involvement in 
screening programmes is critical as it is anticipated that the 
number of referrals will increase.

Guidelines on intervention are currently available from 
the IALSC (82). Key recommendations include the use of a 
multidisciplinary team approach with surgery being performed 
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in centres with minimally invasive programmes. Surgical 
resection, once diagnosis is confirmed, should also be anatomical 
by lobectomy with SND. Segmentectomy, and even wedge 
excision might be appropriate for (I) pure ground-glass opacities 
which if <3 cm with no invasive element and pure lepidic growth 
are now classified as “adenocarcinoma in-situ” and as such have 
almost 100% cure rate, and (II) screen-detected part-solid 
lesions <2 cm in the outer one third of the lung in whom frozen 
section has confirmed N0 disease and in which resection margins 
are checked by cytology of frozen section. The results of the 
JCOG and CALGB studies on segmentectomy may require us to 
re-evaluate these recommendations, especially as one becomes 
more concerned about second primaries in patients with high 
probability of cure from their first cancer.

Indeterminate lesions will require tissue for diagnosis, with 
CT-guided biopsy being encouraged. The decision to intervene 
will depend on the probability of lung cancer. It has been shown 
that lesions >20 mm have an 80% probability of being malignant. 
The risk of malignancy is reduced with numerous nodules (>6). 
Part solid (63%), non-solid (18%) and solid (7%) lesions all 
have varying degrees of malignancy associated with them (83).

We must await the results of ongoing trails, especially in 
Europe with the Dutch-Belgium randomised NELSON trial 
and the Danish Lung Cancer Screening Trial to see if the NLST 
translates across geographical regions and is cost-effective in 
varied health care systems (84,85).

Locally advanced disease: the role of surgery in a Multi-
Modality setting

There remains significant controversy as to the role of surgery 
in locally advanced disease but for most surgeons resection 
performed as part of a multimodal therapy remains the 
cornerstone for any chance of cure for this group.

Stage III NSCLC represents a heterogeneous group and 
this is recognized by the recent American College of Chest 
Physicians (ACCP) clinical practice guidelines (86). Most 
surgeons would feel that isolated single N2 station nodal 
metastasis, assessed as ‘resectable’ should be considered for a 
treatment plan to include chemotherapy and surgical resection 
with or without thoracic radiotherapy which, whilst more 
contentious, is making a comeback. The order of the tri-modality 
therapy is variable. Neoadjuvant chemotherapy has been shown 
to improve survival compared to surgery alone. Two landmark 
studies have compared the results of surgery alone in N2 disease 
versus the impact of neoadjuvant chemotherapy and surgery. 
Roth et al. showed a 5-year survival of 15% with surgery alone 
compared to 36% after pre-operative chemotherapy (87),  
and Rosell et al. obtained a significant overall survival advantage 
in the combined group (3-year survival of 15%) over surgery 
alone (3-year sur vival 0%) (88). W hilst the advantage 

to neoadjuvant chemotherapy in both arms is similar, an 
approximately 20% improvement in overall survival, the marked 
difference in the results of surgery alone (0% versus 15%) 
suggests the populations of N2 disease entered in to each trial 
differed significantly.

Recently, Ripley and Rusch have published an authoritative 
review of the role of induction therapy. After an extensive 
review of the current best available evidence they conclude that 
multimodality therapy should be standard of care for stage IIIA 
(N2) NSCLC, resection being offered to patients suitable for 
complete resection (89).

Randomised controlled trials of multimodality therapy in 
pre-operatively determined N2 disease, comparing regimens 
which included surgery with those using only chemotherapy and 
radiotherapy have shown the results to be similar. Arguments 
against the role of surgery in N2 disease cite Van Meerbeck et al.,  
however, looking at the surgical group in this series, it was 
suggested that surgery less than pneumonectomy may provide a 
survival advantage (90).

Many surgical oncologists would agree however that the 
wide variety of findings mandates individualized assessment 
and treatment planning by a team experienced in lung cancer 
surgery. Similarly therefore, a smaller peripheral primary tumour 
and a single paratracheal or subcarinal metatstasis that would 
require a very large radiation field for radical treatment may be 
better treated with a multimodality approach including surgery. 
Finally, bulky central tumours with uncertain resectability 
(Likely T4) may be better treated with initial chemotherapy/
chemoradiotherapy followed by surgical exploration once some 
cytoreduction has been achieved. However, there is concensus 
that bulky multi-station disease is better treated with definitive, 
concurrent chemoradiation. These special treatment issues are 
also well described in the ACCP guidelines (91).

There have been a significant number of clinical trials 
evaluating preoperative chemoradiation followed by surgery 
for locally advanced NSCLC. The most influential of these, 
including the SWOG 8805, German and Massachusetts General 
have shown increased resectablity rates, increased but acceptable 
perioperative morbidity and mortality with survival benefit 
(92-94). In the Prince Charles Hospital it is our preference to 
use induction chemotherapy alone and reserve surgery post 
chemoradiation as a salvage option only.

Oncologists in general, conclude from the EORTC 08941, 
that surgery does not improve survival in patients with N2 
disease and therefore should not be used (95). Referral of 
patients with low volume N2 disease has been limited, which, 
in our opinion means denying these patients access to better 
treatment. Better local control occurred in the surgical arm and 
patients having an R0 resection had improved survival.

Further, the Intergroup trial 0139 showed no overall difference 
in survival in the surgical arm (96). There was a high mortality 
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rate in the trial after pneumonectomy however and a clear 
survival advantage was present for patients having lobectomy after 
induction therapy, findings supporting the ‘unplanned’ analysis 
of the surgical group in the EORTC 08941. The differences in 
5-year survival between the intergroup study and the EORTC are 
greater than can be explained by the difference between sequential 
and concurrent chemoradiation suggesting that the study 
populations were somewhat different. Weder et al. demonstrated 
that pneumonectomy can be performed with very acceptable 
morbidity and mortality after induction therapy (97). This further 
emphasizes the importance of such cases being dealt with by 
experienced multidisciplinary teams.

The T4 descriptor in the staging system has generally signified 
‘irresectable’ disease. Whilst there are undoubtedly cases in which 
T4 cases, especially when associated with N0 of N1 disease (now 
stage IIIA in the 7th edition) can be resected and benefit from 
surgical treatment, it is difficult to support this in the literature 
since the case series are small and include an unspecified number 
of cases that were not characterized as T4 before surgery. In many 
cases in it difficult to be sure without exploration whether this is 
the case. Each of these patients needs to be assessed individually. 
Treatment options are between radical intent chemoradiation 
or surgery. Some centres may opt for surgical exploration and 
a ‘trial dissection’. In our unit, in some cases, chemotherapy is 
given before exploration. Responders will undergo exploration 
with the aim of complete resection. In some units there is a move 
toward preoperative chemoradiation (98) with which there is 
little doubt that perioperative morbidity and mortality is higher, 
as is the pathologic complete response rate. Patient assessment 
should be in experienced units. Surgery for Pancoast tumour 
is well established as part of multimodality therapy. Induction 
chemoradiation followed by complete surgical resection is the 
current standard of care.

Improvements in staging technologies have undoubtedly 
resulted in more patients being identified with unexpected and 
limited metastatic disease. The standard of care for stage IVB cases 
is definitive chemotherapy. Adjuvant surgery may be considered 
in occasional and highly selected patients with oligometastatic 
disease such as solitary brain and adrenal metastases. There are 
small series suggesting improved disease-free and overall survival 
in these circumstances (99,100). This radical approach would 
only be considered in the uncommon scenario of a resectable, 
node negative primary with an isolated metastatic deposit. 
Chemotherapy is an integral component in such cases and in our 
department would usually be administered after resection of the 
metastasis and before definitive pulmonary resection.

Adjuvant chemotherapy

Recurrence after complete resection for lung cancer is most 
commonly at distant sites.

There have been 4 positive adjuvant trials from 1994-2001 
demonstrating a survival benefit with adjuvant chemotherapy 
(101-103). The greatest benefit was shown in the National 
Cancer Institute of Canada JBR.10, however, subset analysis 
showed no benefit for stage IB patients (104). These results were 
confirmed in the recent update of the trial results (105). The 
survival benefit reported in this trial was 15% at 5 years.

The Lung Adjuvant Cisplatin Evaluation (LACE) meta-analysis 
demonstrated a trend to benefit in stage IB and clear benefit in 
stage II N1 cases and IIIA mostly N2 cases disease (106).

Adjuvant chemotherapy has become the standard for resected 
stage II and IIIA disease, with level 1 evidence for cisplatin based 
chemotherapy in these patients. It has been suggested (level 2B) 
that high risk stage IB disease including; poorly differentiated 
carcinoma, vascular invasion, wedge resection and visceral 
pleural involvement, should also be offered treatment (101,102). 
In considering these results, it is worth remembering that in all 
these positive trials the 6th edition of the staging system was 
used. The benefit for Stage II was therefore in cases with N1 
disease and in the stage IIIA cases with N2 disease. The CALGB 
9633 trial for 6th edition stage IB was negative and only an 
unplanned post hoc analysis showed benefit for N0 cases 4 cm 
or larger. This finding in large N0 cases was not supported when 
Shepherd et al pooled the data from the JBR 10 and CALGB 
9633 trials (103). It appears clear that adjuvant chemotherapy 
offers benefit in node positive cases, the role in bulky but node 
negative cases is uncertain.

It is imperative that surgeons are familiar with this data as 
they are best placed to assess the suitability for adjuvant therapy. 
Whilst there is no conclusive data to suggest that neoadjuvant 
chemotherapy would be better than adjuvant chemotherapy 
there are reasons to think that it may be more effective (107). 
There is improved drug delivery to the tumour, particularly 
lymph nodes, better prospect of receiving the full dose of the 
planned regimen, earlier treatment of micrometastatic disease, 
and the possibility of improved resectability. For patients with 
bulky N1 disease requiring pneumonectomy in our institution 
neoadjuvant chemotherapy followed by resection is the preferred 
approach.

The CALGB 150803 trial is currently underway attempting 
to identify a subset of stage I patients that benefit from adjuvant 
chemotherapy using a 64-gene signature.

Small cell lung cancer

Small cell lung cancer represents 13% of newly diagnosed 
cases of lung cancer worldwide (108). It is common in heavy 
smokers, either current or previously, and is associated with 
early locoregional and distant spread. Treatment modalities are 
commonly limited to a combination of thoracic irradiation and 
multi-agent chemotherapy with surgery having a limited role.
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Surgery was initially advocated based on the results of the 
Veterans Administration Surgical Oncology Group in 1982 
with a 60% 5-year survival for T1N0 lesions with surgery and 
chemotherapy (109).

The Lung Cancer Study Group prospective trial of induction 
chemotherapy fol lowed by either surger y or radiation 
demonstrated no survival benefit in either treatment arm, but 
excluded patients with stage I disease (110). It is one of the few 
randomised trials looking at the role of surgery.

Surgery is recommended for biopsy proven T1N0M0 disease, with 
adjuvant chemotherapy and prophylactic cranial irradiation (110).  
It may also be offered after neoadjuvant therapy (111,112). 
Surgery may also be offered as a salvage option to patients with 
relapse after remission or non-responders, Shepherd et al. reported 
a retrospective review with a 23% 5-year survival (113). There 
have also been selected reports of surgery for extensive disease 
with staging and selection being critical.

Conclusions

Surgical therapy for lung cancer has advanced since the first 
pneumonectomy by Evarts Graham (114). Advances in pre-
operative, operative and post-operative care have revolutionized 
management and improved outcomes.

Multi-modality therapy, an expanding role for adjuvant 
therapy after complete resection and medical alternatives 
to surgery require that surgeons take an active role in the 
multidisciplinary discussions. They need to be fully conversant 
with the available literature and capable of strongly presenting 
the benefits of surgical options. The expanding use of LDCT 
screening will involve surgeons in the evaluation and treatment 
of smaller cancers which force us to re-evaluate our investigative 
algorithms and surgical options. Sub-lobar resections, minimally 
invasive strategies with earlier intervention for stage IA disease 
together with extending the role of surgery in advanced stages 
point the way forward for the thoracic surgical community.
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