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ABSTRACT: Recognizing that surgical treatment is still the best option for controlling
lung cancer, surgeons want an operation to be performed when the benefits clearly
outweigh the possible risks, and when it has been determined that cancer resection is the
most appropriate course of management. The necessity for a compulsive attitude toward
preoperative assessment is therefore to be emphasized.
Approximately 45% of all lung cancers are limited to the chest, where surgical resec-

tion is the most effective method of controlling the disease. Patients with tumour (T) 1,
node (N) 0 and T2N0 tumours have early lung cancer, and most are curable by resec-
tion, with 5-yr survival rates in the range 75–80% for patients with T1N0 status. The
"gold standard" of surgery remains lobectomy. Stage T1N1 and T2N1 carcinomas repre-
sent a group of patients in whom the disease involves hilar and bronchopulmonary nodes.
This group is best treated by complete resection and mediastinal lymphadenectomy.
Survival data following surgical resection of T3 tumours clearly show better survival

in patients with T3N0 disease than in those with T3N1–2 disease. Five-year survival
rates for completely resected T3N0 lesions are in the range 30–50%. Once N1 disease is
present, survival decreases to 15–20%. Incomplete resections fail to cure and surgery is
not indicated if N2 disease is documented preoperatively. On occasion, T4 tumours
involving the carina or vertebral body can be completely resected but T4N1–2 lesions
are virtually incurable by surgery.
The presence of mediastinal lymph node metastasis (N2/N3 disease) is an ominous

prognostic sign and stage III-b disease, by virtue of metastatic contralateral nodes, is an
absolute contraindication to surgical resection. Induction treatments with chemoradia-
tion have shown prolongation of survival and three randomized trials have demonstrated
a survival advantage over surgery alone.
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Lung cancer is a significant health problem, with
y170,000 new cases being diagnosed annually in the
USA. Of these,y45% are limited to the thorax, where
surgery is the most effective method of controlling
the disease. Recognizing this concept, surgeons want
an operation to be performed when the benefits clearly
outweigh the possible risks, and when it has been
determined that cancer resection is the most appro-
priate course of management.

The necessity for a compulsive attitude towards
preoperative assessment is therefore to be emphasized
since rational treatment and prognosis depend largely
on the stage of the disease at the time of diagnosis. In
the preoperative setting, the techniques used should
be sequential and logical and help to identify patients
suitable for treatment with curative intent. They
should define the patients most likely to benefit from
pulmonary resection while ensuring that no individual
is denied the chance of curative resection based on
radiological or clinical findings alone [1]. They should
also help in the selection of patients eligible for
induction therapy programmes. If proper pretreat-
ment staging is accomplished, the rate of explora-
tory thoracotomy or incomplete resection should
not exceed 8–10%. Ultimately, the prognosis of the

resected patient with lung cancer is based on complete
intraoperative staging, which can be performed by
either systematic node sampling or complete lymph-
adenectomy. At present, neither of these techniques
has been shown to improve survival.

Patients with tumour (T) 1, node (N) 0 and T2N0
tumours have early lung cancers, and most are curable
by resection, with 5-yr survival rates in the range
75–80% for patients with T1N0 status. Stage T1N1
and T2N1 carcinomas represent a group of patients
in whom the disease involves hilar and broncho-
pulmonary nodes. This group is best treated by com-
plete resection and mediastinal lymphadenectomy.
Survival data following surgical resection of higher
stage primary tumours clearly show better survival in
patients with N0 disease than in patients with nodal
metastasis.

The presence of N2 disease is an ominous prog-
nostic factor, although induction therapies involving
chemotherapy or chemoradiation appear to prolong
survival versus surgery alone in the group of patients
that is amenable to complete resection.

This review summarizes the survival information
available for the various subsets of nonsmall cell lung
cancer (NSCLC). It is acknowledged that nearly all of
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these data come from surgical series in which resection
of the primary tumour was the mainstay of treatment.

Clinical and surgical staging of nonsmall cell
lung cancer

The Union Internationale Contre le Cancer and
American Joint Committee on Cancer Staging have
recently established new criteria for tumour, node,
metastasis (TNM) staging of lung cancer, and the
prognosis for the various TNM subsets has also been
redefined (table 1) [2].

In this revised TNM classification, the descriptors
have generally remained the same as those described
in 1986 [3]. Tumours classified as T3 are neoplasms
that have grown beyond the lung parenchyma to
involve structures still amenable to resection, whereas
T4 defines those tumours with extensive extrapulmo-
nary extension, usually precluding curative or complete
resection. The T4 descriptor also includes tumours
with satellite nodules located within the same lobe.
Satellite nodules located in the ipsilateral nonprimary
tumour lobe(s) of the lung are designated M1.

The classification of regional lymph node stations
has been addressed by MOUNTAIN and DRESSLER [4],
who tried to combine the features of the two systems
that have been in use forw30 yrs, the first one based
on the work of T. Naruke and advocated by the
American Joint Committee on Cancer Staging [5] and
the second being the nodal map proposed by the
American Thoracic Society [6]. In the proposal of
MOUNTAIN and DRESSLER [4], all N2 nodes are
contained within the mediastinal pleural envelope
and are numbered 1–9. It is understood, although not
clearly stated, that, in many cases, the mediastinal
pleural reflection is difficult to identify, even on
surgery, and so the distinction between hilar nodes
(N1) and low tracheobronchial nodes (N2) may be
difficult to make. Anatomically, the pleural envelope
begins just proximal to the origin of the upper lobe
bronchus, and so all lymph nodes cephalad to this
point should be designated as mediastinal.

Preoperative diagnosis

Although some surgeons continue to advocate
thoracotomoy without diagnosis because "you are
going to operate anyway", adequate treatment plan-
ning begins with a proper diagnosis of the underlying
disease process [7]. This information allows for a clear
discussion with the patient as to what will be done
at operation, as well as for streamlining the investiga-
tion of the lesion. Further, it avoids reliance on intra-
operative frozen section results, which can at times be
misleading.

With improved biopsy techniques, often performed
under computed tomographic guidance, and with
refinements in the pathological interpretation of
small specimens, the diagnosis of lung cancer can be
made preoperatively in virtually all patients. Flexible
bronchoscopy is reliable in central tumours, which
represent 30% of all lung neoplasms, whereas percu-
taneous fine-needle aspiration biopsy can establish the
diagnosis in as many as 90–95% of peripheral tumours
[8]. It is important to understand that a negative result
does not exclude malignancy, especially if the cyto-
logical findings are reported as unsatisfactory or
nonspecific. In these individuals, repeat biopsy may
be of value.

Clinical staging of the node factor

The presence of metastases to regional lymph nodes
significantly influences both the treatment and prog-
nosis of patients with NSCLC. The presence of N1
nodes, although rarely of crucial importance except
perhaps in patients with T3–T4 tumours, means more
extensive resection with increased surgical risk and
reduced prospects for cure. At present, the techniques
used for preoperative documentation of N1 status are
imperfect, and computed tomography (CT) does not
appear to be better than chest radiography or oblique
tomography, especially in cases where the hilum is
of normal size on routine examination. Hilar abnor-
malities may be easier to detect with magnetic reso-
nance imaging (MRI) because nodes can be more
readily distinguished from local blood vessels by this
technique.

The presence of mediastinal lymph node metastases
(N2, N3 disease) is an ominous prognostic sign.
Physical examination can detect enlarged supraclavi-
cular nodes, but this type of examination is notor-
iously inaccurate if performed by an inexperienced
examiner. Careful clinical history taking and physical
examination can also detect evidence of superior vena
cava obstruction or left recurrent nerve palsy, both
being nearly absolute signs of N2 disease.

Advanced invasive and noninvasive techniques are
currently used to preoperatively determine the status
of mediastinal nodes. Imaging modalities such as
CT and MRI can demonstrate nodal enlargement but
cannot confirm histological involvement. Conversely,
more invasive procedures such as mediastinoscopy,
anterior mediastinotomy, video-assisted thoracic
surgery (VATS) and, ultimately, thoracotomy are
more specific for assessing lymph nodes but require

Table 1. –Revised stage grouping of tumour, node,
metastasis (TNM) subsets

Stage TNM subset Cumulative 5-yr survival %

cTNM pTNM

I-a T1N0M0 61 67
I-b T2N0M0 38 57
II-a T1N1M0 34 55
II-b T2N1M0 24 39

T3N0M0 22 38
III-a T1–3N2M0 13 23

T3N1M0 9 25
III-b T4N0–2M0 7

T1–4N3M0 3
IV Any T, any NM1 1

cTNM: clinical TNM stage; pTNM: pathological TMN
stage. (From [2].)
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operative intervention. At present, the choice of
techniques to be used continues to be one of the
most controversial issues in the staging of lung cancer.

Invasive procedures used to determine the nodal
status involve long tubes being passed through small
holes into highly vascular surroundings [9]. Despite
this frightening description, these techniques can
be carried out with low morbidity if the operator is
experienced and familiar with the local anatomy.

As reported by CARLENS [10] and PEARSON and
coworkers [11, 12], mediastinoscopy involves the
inspection, palpation and biopsy of superior medi-
astinal nodes. It is a useful and accurate technique
that should be used when nodal involvement as
determined by CT is unclear (nodes w1 cm in dia-
meter), or when it is required to have an exact know-
ledge of mediastinal involvement, such as in higher
stage (T2–T3) centrally located or undifferentiated
tumours. In patients in whom induction treatments
are contemplated, mediastinoscopy should be manda-
tory. Because mediastinoscopy has a greater sensi-
tivity and specificity than CT for the documentation
of mediastinal node involvement, some centres still
recommend its routine use in all presumably operable
lung carcinomas [13].

Lymph nodes located in the aortopulmonary
window are not accessible by cervical mediastino-
scopy, but biopsy can be performed via left anterior
mediastinotomy [14], often referred to as the Cham-
berlain procedure [15], or through extended standard
cervical mediastinoscopy [16]. The information gained
from these procedures is particularly important for
patients with left upper lobe lesions, in whom sur-
vival figures for patients with resectable disease and
metastatic subaortic nodes approach those of patients
with N1 disease [17].

The role of VATS in accessing mediastinal nodes is
unclear, although nodes located in the aortopulmon-
ary window or posterior mediastinum can be readily
sampled by this technique. The potential of VATS
for disclosing hilar disease may be of importance in
patients who cannot tolerate pneumonectomy, or in
those in whom N1 disease may need to be documented
histologically prior to induction therapy [18].

Surgical therapy for early nonsmall cell lung cancer

Surgical management of T1N0M0 and T2N0M0 lung
cancer

The prognosis for surgically treated patients with
T1N0M0 NSCLC is generally good, and the 5-yr
survival is y80%. In a series from the Mayo Clinic
(Rochester, MN, USA) the survival of 225 patients
who had T1N0 lesions was 91% at 2 yrs and 80% at
5 yrs [19]. In this series, TNM subset (T1 versus T2),
age at operation (v70 yrs versusw70 yrs), sex (female
versus male) and extent of operation (limited resection
versus pneumonectomy or lobectomy) were important
determinants of survival. There were no differences
in survival on the basis of cell type, although the
5-yr survival rate was slightly better in patients
with bronchioloalveolar carcinoma. A number of

prognostic factors have been identified in resected
stage I lung cancer and these are listed in table 2.

Tumour size makes a difference in the survival of
patients with T1N0M0 and T2N0M0 lung carcinomas
[20–22]. In 1995, MARTINI et al. [20] showed that
patients with T1 lesions did better than those with
T2 lesions, and that patients with small tumours
(v1–2 cm) did better than those with tumours of
o5 cm. Survival in patients with T1N0 tumours was
82% at 5 yrs and 74% at 10 yrs, compared with 68% at
5 yrs and 60% at 10 yrs for patients with T2 tumours
(pv0.0004). In a group of 221 patients with primary
lung cancer, ISHIDA et al. [21] also showed that 5-yr
survival rates decreased with larger tumour sizes. This
was attributed to an increase in the incidence of occult
lymph node metastasis with larger tumours (N1 5%
and N2 12% in tumours of 1.1–2.0 cm; N1 12% and
N2 25% in tumours of 2.1–3.0 cm) not detected
preoperatively or even by intraoperative lymph node
sampling.

Visceral pleura involvement does not seem to
influence the survival of patients with stage I disease
[20], although ICHINOSE et al. [23] were able to
document by univariate analysis of survival curves
that pleural involvement was a significant prognostic
factor. These investigators observed a survival differ-
ence between patients having tumours not extending
beyond the elastic layer and not exposed on the
pleural surface (P1) and those exposed to the pleural
surface (P2). The histological type of the tumour is
a fairly consistent determinant of time to recurrence
and survival in patients with resected stage I
carcinomas [24–26]. In a Lung Cancer Study Group
(LCSG) analysis, cancer recurrences were more
frequent and recurrence rates were higher in patients
with tumours of nonsquamous histology (table 3) [24].

Other LCSG data showed that 5-yr survival
following surgery in patients with T1N0 tumours
was 83% for squamous carcinomas and 69% for

Table 2. –Prognostic factors in resected stage I lung
cancer

Age
Sex
T factor (tumour size)
Visceral pleura invasion
Level of bronchial invasion
Satellite nodules
Histology
Histological differentiation
Blood vessel invasion
DNA ploidy pattern

T: tumour; DNA: deoxyribonucleic acid.

Table 3. –Recurrence of squamous versus nonsquamous
tumours

Histological
type

Patients
n

Recurrences
n

Recurrence
rate

Squamous 226 25 0.042
Nonsquamous 346 82 0.106

(From [24].)
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adenocarcinomas (p=0.02); for patients with T2N0
tumours, these rates were 64% and 57%, respectively
[26, 27].

Blood vessel invasion has been inconsistently shown
to have prognostic significance in early-stage lung
cancer, although two studies [28, 29] have provided
data supporting the concept that the absence of blood
vessel invasion identifies a group of patients with a
very low probability of distant metastasis.

Role of limited resection in surgical management of
early lung cancer

The current "gold standard" of surgical treatment
of patients with T1N0 and T2N0 tumours limited
to one lobe is an anatomical lobectomy, regardless of
the size of the tumour on presentation [30]. Limited
resection, which is defined as a procedure that is
less than a lobectomy (generally a wide wedge for
peripheral tumours or an anatomical segmentectomy),
was introduced by JENSIK et al. [31], who suggested
that more limited operations could be adequate for
early-stage bronchogenic carcinoma. Since then, many
authors have adopted this approach as a compromise
alternative to lobectomy for high-risk patients with
limited function (table 4) [32–36].

Potential advantages of limited resection include
less functioning tissue being resected, the possibility
of surgical treatment of subsequent primary tumours
and less operative mortality. Possible disadvantages
include the potential for increased local recurrence
and an increased operative morbidity, consisting
primarily of prolonged air leaks.

More recently, some centres have advocated lesser
resections as appropriate treatment for uncompro-
mised patients with peripheral T1N0 tumours not
transgressing a segmental plane (table 5) [37–39].

In 1994, the Rush-Presbyterian-St.Luke9s Medical
Center group presented the results of a retrospective
study on 173 patients who had undergone segmental
resection (n=68) or lobectomy (n=105) for stage I
NSCLC over an 8-yr period (1980–1988) [40].
Although a survival advantage was noted for patients
with tumours of o3 cm undergoing lobectomy
(p=0.006), no survival advantage was apparent for

patients undergoing lobectomy for tumours ofv2 cm
in diameter (p=0.24).

In 1995, the LCSG published the results of a
prospective randomized trial comparing limited resec-
tion (wedge or segmental) to lobectomy for patients
with T1N0 NSCLC [41]. In the limited-resection
group, there was a three-fold increase in the overall
incidence of local recurrences, the greatest increase
being seen among patients with adenocarcinoma, and
an observed 30% increase in overall mortality rate
(p=0.08) compared to patients undergoing lobectomy.
The analysis also showed a significantly higher local
recurrence rate after wedge resection versus segmen-
tectomy, presumably because of inadequate margins
around the tumour or failure to identify microscopic
N1 disease.

The appropriate application of VATS procedures,
whether wedge or lobectomy, for the treatment of
early-stage NSCLC remains to be clarified [42, 43].

Surgical management of T1N1 and T2N1 lung cancer

T1N1M0 and T2N1M0 lung cancers include those
in which the disease involves bronchopulmonary and
hilar nodes but without metastasis to mediastinal
nodes. The T1N1M0 subset is infrequent, and the
5-yr survival rate after complete resection is 55%
[2]. Survival is y40% for patients within the T2N1
subset. In a report from the Memorial Sloan-
Kettering Cancer Center, 214 patients with resected
T1N1 (n=35) and T2N1 (n=174) NSCLC lesions
were analysed with respect to survival and prognostic
factors [44]. In that series, the best survival rates
were observed in patients with tumours of ¡3 cm in
diameter, and in those with single node involvement.
The authors insisted that this group of patients should
undergo surgical resection and that complete resec-
tion with mediastinal lymphadenectomy is necessary
to insure that no nodal metastasis in the mediastinum
is overlooked.

Similar to what is observed in T1N0M0 and
T2N0M0 subsets, the histological classification of
the tumour is a significant prognostic factor. In LCSG
data, the 5-yr survival rate following surgery was 75%
for squamous cell carcinoma and 52% for adeno-
carcinoma in the T1N1 subset (p=0.04), and 53% for
squamous cell carcinoma and 25% for adenocarci-
noma in the T2N1 subset (p=0.01) [26, 27]. Similarly,
ICHINOSE et al. [23] have shown in a multivariate
analysis that histological classification (squamous
versus nonsquamous; p=0.0359) was a predominant
prognostic factor in patients with pT1N1 and T2N1
disease. MARTINI et al. [44], however, failed to
demonstrate a difference in survival between patients
with squamous cell carcinoma versus adenocarci-
noma (p=0.238), although the pattern of recurrence
after resection of T1N1 or T2N1 tumours differed
histologically.

The location and number of N1 nodes as a
prognostic factors has been investigated by MARTINI

et al. [44] and YANO et al. [45]. In the study of MARTINI

et al. [44], there was a significant (p=0.016) difference
in survival rates between patients with involvement of

Table 4. – Limited resection as a compromise operation

First author [Ref.] Patients n 5-yr survival %

BENNETT [32] 31 (segmental) 36
HOFFMAN [33] 33 (wedge) 25
KUTSCHERA [24] 57 23
ERRETT [35] 100 (wedge) 69
MILLER [36] 32 31

Table 5. – Limited resection as an intentional operation

First author [Ref.] Patients n 5-yr survival %

READ [37] 113 85
PASTORINO [38] 61 55
KODAMA [29] 63 93
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a single N1 node (45% at 5 yrs) versus those with
multiple N1 nodes (31% at 5 yrs). YANO et al. [45] also
reported that the survival associated with lobar N1
disease was significantly (p=0.014) better than that of
hilar N1 disease (64.5 versus 39.7% at 5 yrs).

The role of adjuvant therapy in these subsets of
patients has been addressed by many investigators.
In an LCSG trial, 210 patients with complete resec-
tion of stage II (T1N1, T2N1) or stage III squamous
carcinoma received either surgery plus radiotherapy
(n=102) or surgery alone (n=108) [46]. There was no
survival benefit from radiotherapy, but a significantly
lower rate of local recurrences (pv0.001).

Although some studies have suggested that chemo-
therapy administered in the postoperative setting
may prolong survival and disease-free interval in
patients with stage II disease [47, 48], a recent meta-
analysis showed that postoperative chemotherapy
with or without radiotherapy only resulted in a
slightly reduced risk of death among patients with
surgically resected stage II and III-a disease [49, 50].
One of the main problems remains patient compliance
with chemotherapy regimens, which, in the post-
operative setting, is in the range 50–60% [47].

There is some evidence that higher-dose vitamin A
chemoprevention may reduce the recurrence rate and
improve the disease-free interval in patients curatively
resected for stage I lung cancer [51].

Surgical management of T3–T4 lung cancer

Tumours involving the chest wall, including the
superior sulcus, the diaphragm, the mediastinal
pleura or the pericardium, or endobronchial tumours
located within 2 cm of the carina are all identified as
T3 lesions. Five-year survival rates for completely
resected T3N0 tumours is in the range 35–40%.
However, once N1 disease is present, the 5-yr survival
decreases to 15–20%. In one large series, NARUKE et al.
[52] reported an overall 5-yr survival of 25.8% in
327 patients treated by surgical resection. These 5-yr
survivals were 31.6 and 33.7% for T3N0 and T3N1
disease, respectively. In general, surgery is not recom-
mended if N2 disease is documented preoperatively.
Although, within the T3 categories, prognosis may
vary according to tumour location, a most important
surgical tenet is that complete resection must be
carried out. In a series of 61 patients with surgically
treated T3 NSCLC reported by NAKAHASHI et al. [53],
the 5-yr survival for patients undergoing complete
resection and incomplete resection was 42 and 10%,
respectively (pv0.01). Of importance to the surgeon is
the fact that only 20% of patients with advanced-stage
NSCLC are amenable to complete resection [54].

Tumours invading the heart, great vessels, trachea,
oesophagus, mediastinum and vertebral body are
considered T4 lesions. As a group, these patients
have locally advanced and nonresectable disease,
although limited success can be achieved after
resection of such tumours with no nodal involvement.
In the series of NARUKE et al. [52], a 5-yr survival of
8% was achieved after resection of 198 T4 lesions.
Patients with T4N1–2 lesions are virtually incurable.

T3: chest wall invasion

T3 tumours that invade the chest wall but have
not yet metastasized to lymph nodes have a favour-
able prognosis and en bloc resection of both chest
wall and lung is the procedure of choice for achieving
complete removal of such tumours [55]. A pre-
operative diagnosis of chest wall invasion is important
for the planning of surgery and this diagnosis must
be suspected when patients present with localized
chest pain. Obvious bone destruction as seen on
standard chest radiographs is always indicative of
chest wall invasion. Although CT is not completely
reliable, RATTO et al. [56] have shown that oblitera-
tion of the extrapleural fat plane and the ratio of
tumour/pleura contact (i.e. percentage of circum-
ference of tumour in contact with pleura) to tumour
diameter were important computed tomographic
criteria for diagnosing chest wall invasion. The
combination of chest wall pain and positive bone
scanning nearly always indicates the need for chest
wall resection.

The objective of surgery is to completely excise all
malignant tissues, but the best means of accomplish-
ing this goal is somewhat controversial. Some authors
suggest that all patients with malignant invasion
of the parietal pleura should undergo "en bloc" chest
wall resection [57], whereas others suggest that
"en bloc" resection should only be attempted when
there is positive evidence of tumour invasion into the
ribs or intercostal muscles [58].

When chest wall resection has to be carried out, it is
often limited to segments of two or three ribs and, in
most cases, prosthetic reconstruction is not required.
Modern operative mortality after "en bloc" resection
of lung and chest wall is in the range 3–5%. Impor-
tant prognostic factors are completeness of resection,
nodal status and depth of invasion [55, 59]. In one
recent series [55], 104 patients underwent complete
resection for lung neoplasms involving the chest
wall with no operative mortality and an overall 5-yr
survival of 61.4%. Survival in the subsets T3N0 and
T3N2 were 67.3 and 17.9%, respectively (p=0.007).
The 5-yr survival was 79.1% if only the parietal pleura
was involved and 54.0% if soft tissues and/or bone
were infiltrated (p=0.014). In another series of com-
pletely resected patients, univariate and multivari-
ate analysis identified nodal involvement, depth of
parietal invasion and age as independent prognostic
factors [59].

The role of adjuvant radiotherapy given either pre-
or postoperatively is still controversial. In the Toronto
series [60], an improved survival rate was observed
in the irradiated group, whereas, in the Mayo Clinic
Report [61] and in the series from France [59], the
authors did not note any benefit to survival.

T3: superior sulcus tumours

Superior sulcus tumour refers to a primary lung
cancer that occurs at the apex of the lung and often
invades the upper two or three ribs (T3), vertebral
bodies (T4), lower part of the bronchial plexus
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(C8–T1, T4) and stellate ganglion [62], causing
Pancoast syndrome [63]. The first report of a series
of curative resections in such patients was that of
SHAW et al. [64] in 1961, and their strategy of pre-
operative irradiation (30 cGy over 3 weeks) followed
by resection utilizing a posterior approach has
remained the standard of care until recently. The
overall 5-yr survival for patients with N0 disease and
completely resected tumours of the superior sulcus
is in the range 30–35% at 5 yrs. In most series, the
absence of N2 disease is the most important prog-
nostic factor, with 5-yr survival being as high as 50%
in patients with T3N0 lesions. There were only a
handful of survivors in the N2 group [65]. This is the
main reason why mediastinoscopy should always be
performed before treatment is planned. It is also the
present author9s practice to sample supraclavicular
nodes, if they are enlarged, by ultrasonography.
Adenocarcinoma, the presence of Horner9s syndrome
and bony erosion appear to adversely influence
prognosis [66].

In order to properly select patients for surgery, the
surgeon must have sure knowledge of the tumour9s
anatomy in the lower neck and thoracic inlet.
Although CT is helpful in evaluating vertebral
involvement, it is not as accurate as MRI for the
assessment of vascular involvement (subclavian artery
or vein) or invasion of nerve roots or intervertebral
foramina. With modern surgical techniques and a
multidisciplinary approach, it is possible to com-
pletely resect tumours that locally invade vertebral
bodies, the subclavian artery and C8–T1 nerve roots.
In a recent publication from the MD Anderson
Cancer Center, GANDHI et al. [67] reported on 17
patients who underwent total vertebrectomy (n=7),
partial vertebrectomy (n=7) or neural foramina or
transverse process resection (n=3) for superior sulcus
tumours. There were no perioperative deaths and
overall actuarial survival at 2 yrs was 54%. The
authors concluded that vertebral body invasion
should no longer be considered a contraindication to
surgery.

More recently, a cervical approach has been
advocated by DARTEVELLE et al. [68] for anteriorly
located tumours. This approach (alone or in combina-
tion with posterolateral thoracotomy) provides excel-
lent exposure of the subclavian blood vessels and
brachial plexus. In 1997, GRUNENWALD and SPAGGIARI

[69] described a similar approach but leaving the
clavicle/manubrial joint intact in order to improve
cosmetic defects and shoulder stability.

The exact role of preoperative radiotherapy as
described by SHAW et al. [64] is still controversial
because the value of their regimen has never been
documented in a randomized trial. Indeed, such a trial
would be almost impossible to carry out because
resectable superior sulcus tumours are uncommon.
Two retrospective studies have, however, demon-
strated a significant survival advantage in patients
irradiated preoperatively [65, 70]. More recently,
chemotherapy and radiotherapy have been used
preoperatively. However, the exact value and appro-
priate timing of these adjuncts has not yet been
established.

T3: proximal airway tumours

Tumours located within 2 cm of the carina can be
resected by sleeve resection, thus avoiding the need for
pneumonectomy, which carries a significantly higher
rate of operative morbidity and mortality. Broncho-
plastic procedures were originally described for cancer
patients unable to tolerate pneumonectomy, but are
currently considered a better procedure for noncom-
promised patients because survival is equivalent to
or better than that following pneumonectomy for
tumours of similar stage [71]. Although lesions of
the right upper lobe are the commonest indications
for sleeve lobectomy, bronchoplasty is applicable to
any lobe and almost any segment in either lung. The
use of sleeve resection when the carcinoma has spread
to N1–2 nodes is still an area of controversy.

In one recent series, 184 patients who underwent
sleeve lobectomy for lung cancer were reported with
an operative mortality of 1.6% (three deaths) [71].
Survival for all patients was 52¡4% at 5 yrs and
34¡4% at 10 yrs (mean¡SD). For patients with N1
disease (n=68), survival rates were 48¡6 and 27¡6% at
5 and 10 yrs, respectively. In a collective review of
1,915 patients submitted to bronchoplastic procedures
over a 12-yr period (1980–1992), TEDDER et al. [72]
reported a 30-day operative mortality of 5.5% (range
0–11%) and 5-yr survival of 40%. Other authors have
reported similar favourable outcomes [73, 74].

Involvement of the pulmonary artery may render
sleeve resection impossible unless an elliptical resec-
tion or a full sleeve resection of the artery is added to
the procedure (double sleeve resection).The exact role
of these techniques of angioplasty is unclear not only
because of an increased operative mortality, at least
in early series, but also because few series have
reported long-term results [75, 76]. In 1999, RENDINA

et al. [77] described 52 patients who had undergone
a variety of pulmonary artery reconstructions for
lung cancer. There were no operative deaths and 5-yr
survival rates were 38.3% for the entire group, 18.6%
for stages III-a/III-b, and 64.4% for stages I and II.
In 1997, RENDINA et al. [78] stated that "although it
is technically demanding, lobectomy associated with
bronchovascular reconstruction is feasible, with good
immediate and long-term results after induction
chemotherapy."

T4: tumours involving the carina

Most lung cancers involving the carina or lower
trachea are so extensive that complete resection is not
possible. Indeed this involvement is often secondary to
subcarinal nodes (N2) growing through the airway
and into the tracheal lumen. On occasion, however,
tumours arising in the upper lobe or in the origin of
either main bronchus are sufficiently localized to be
amenable to complete resection and reconstruction.

Tracheal sleeve pneumonectomy is a demanding
operation with a high risk of complications, although
these can be reduced through accurate selection of
patients, precise technique and optimal postoperative
care [79]. The reported operative mortality ranges
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7.2–29% [80, 81] and the 5-yr survival rate isy20% for
patients with N0 disease. It is to be noted that sleeve
pneumonectomy is generally carried out for tumours
located in the right rather than in the left lung.

T4: tumours invading the spine

Overall, little success has been obtained following
resection of NSCLCs invading the vertebral bodies
other than for patients with Pancoast tumours [67].
In 1989, DEMEESTER et al. [82] described a technique
for resection of tumours closely related to the para-
vertebral fascia adherent to the spine but without
destruction of the vertebral body. Since then, other
authors have suggested partial or complete verte-
brectomy followed by spinal stabilization [83]. No
long-term survival data are yet available for those
procedures and most surgeons still consider vertebral
body invasion to be an absolute contraindication to
surgical resection. As previously stated, incomplete
resections do not improve survival and their ability to
palliate is questionable [66].

Surgical management of N2 lung cancer

Patients with stage III-a disease based on involve-
ment of ipsilateral mediastinal nodes (N2) usually
do very poorly. However, there has been a trend since
the early 1980s towards a more aggressive approach
to these patients. MARTINI et al. [84] were the first
to demonstrate prolonged survival in a group of
completely resected patients with N2 disease. The
majority of their patients were felt preoperatively to
have had N0 or N1 disease (minimal N2) and their
survival after complete resection was 43% at 3 yrs and
29% at 5 yrs. Survival with obvious N2 disease as seen
on standard radiographs (bulky N2) was poor (8% at
3 yrs). In some series, surgical resection combined
with postoperative radiation therapy resulted in 5-yr
survivals of up to 40% [85, 86].

The classic paper of PEARSON et al. [87] showed
that patients with N2 disease who underwent com-
plete resection had a much better survival if they
had negative mediastinoscopy results (24%) and
N2 disease was only found on thoracotomy versus
patients selected for thoracotomy despite positive
mediastinoscopy results (8%). In a similar analysis,
DALY et al. [88] reported the survival of 37 patients
who had negative computed tomographic results for
metastatic mediastinal nodes but who were found
to have cancerous nodes on thoracotomy (n=36), or
mediastinoscopy (n=1). The projected 5-yr survivals
were 31% for all patients whose tumour could be
resected and 45% for those with peripheral tumours.

Other factors that are considered favourable
include the site of N2 disease (the most favourable
being nodes in the aortopulmonary window [86]), the
number of nodal stations involved (one versus several)
[89], an associated T1–2 primary tumour (versus T3–4)
[90], tumour limited to within the node capsule (versus
extranodal involvement) and squamous histology [89].
In all reports, the value of radical mediastinal lymph

nodes, as described by WATANABE et al. [91], MARTINI

et al. [84] and others is emphasized. In the study
of WATANABE et al. [91], survival of patients with
left-sided N2 disease improved after more aggressive
mediastinal node dissections. In another Japanese
study, mediastinal lymph node dissection for N2
disease resulted in better survival compared to resec-
tion without nodal dissection [92].

In the early 1980s, postoperative radiation therapy
was also thought to improve survival and was the
traditional adjuvant therapy for resected N2 disease
[93]. However, a prospective randomized trial of the
LCSG found no survival advantage using postopera-
tive radiotherapy in completely resected stage II and
III squamous carcinomas despite a clear benefit in
controlling local recurrences [94].

Since the mid-1980s, there has been considerable
interest in neoadjuvant approaches for patients with
N2 disease documented prior to thoracotomy and a
large number of phase II trials of induction chemo-
therapy or chemoradiotherapy have been reported.
The rationale for chemotherapy alone is that it
potentially allows greater dose intensity as well as
the use of some drugs that cannot be administered in
conjunction with radiation. In a large study reported
by MARTINI et al. [95], the major response rate to
cisplatin-based induction chemotherapy was 77%
and the complete resection rate was 65%. All of
these trials have shown encouraging prolongation of
survival compared with historical series. Perhaps
more encouraging is the fact that 10–20% of resected
specimens show no viable tumour. In general, most
regimens include high-dose cisplatin with or without
radiation.

Recently, the results of two small randomized trials
of induction therapy have suggested that induction
treatment followed by surgery may be superior to
surgery alone [96, 97]. Both of these trials demon-
strated a benefit for preoperative chemotherapy with
hazard ratios for survival improving five- to seven-
fold compared to surgery alone. Unfortunately, the
total patient sample size in each trial was small and
so the general applicability of these regimens in the
day-to-day treatment of patients is still in doubt [98].
In a consensus report, GANDARA et al. [98] write
the following about induction chemotherapy: "While
preoperative chemotherapy cannot be considered
standard of care, it does appear to be a reasonable
strategy in minimal stage III-a disease, assuming the
multimodality team involved is experienced in this
approach and works in a collaborative fashion to
maximize efficacy and minimize potential toxicities."

Conclusion

As can be seen from the present review, the results
of surgical resection of lung cancer are still poor
except in patients with early-stage tumours, in whom
the disease can be cured in up to 70% of cases. Because
of these better survival rates, it is tempting to assume
that, with lung cancer screening, tumours will be
diagnosed at an earlier stage, and, therefore, overall
cure rates will be higher. Unfortunately, prior
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randomized studies carried out in the 1970s have
shown that the death rate from lung cancer was not
significantly different in patients who were actively
screened and those who were not. More recently,
techniques of screening by low-dose helical CT and
the use of specific biomarkers for lung cancer have
shown enough positive results to indicate that screen-
ing for lung cancer should perhaps be revisited [99].

Another way of improving the results of therapy
in operable lung cancer is in the area of adjuvant
treatment. The favourable results obtained after
induction treatments in patients with N2 disease
may suggest that such modalities should be extended
to earlier-stage tumours.
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