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Extended surgery for Non-Small Cell Lung
Cancer (NSCLC)

Lung cancer is the leading cause of death from cancer in the
world [1]. Surgical resection still remains the best treatment option
for NSCLC in the earlier stages of the disease, when the disease is
confined within the lung parenchyma and does not extend beyond
the lung hilum. The definition of extended resection is that of the
resection of the necessary lung parenchyma for the clearance of the
tumor (lobectomy, bilobectomy, pneumonectomy) en bloc with the
invaded through tissue contiguity surrounded/neighboring organs
and tissues. Extended resection may include the en blocresection
of lung parenchyma withchest wall, diaphragm, spine, main carina
or major mediastinal vessels (i.e. superior vena cava, azygos vein,
descending aorta) [2]. One further distinct type of extended resec-
tion is the intrapericardial pneumonectomy with en bloc resection
of pericardium and part of the left atrium of the heart [3].

The reported rate of the annually performed extended re-
sections was 3.3% among all pulmonary parenchyma resections
performed for NSCLC in Japan during the year 2010 (1,080 out
of the 32,081 resections), most of them performed for T3 tumors
(794 cases or 73.5% of all extended resections) [4]. Extended re-
sections for T4 tumors comprise the 4.4% of the total of 6,091
operations performed for NSCLC in the Department of Thoracic
and Vascular Surgery of Hopital Marie-L annelongue (Paris-Sud
University, Le Plessis Robinson) from 1981 to 2006 [5]. We can
consequently conclude that extended resections represent only a
small percentage (probably less than 5%) of curative lung cancer
surgery in most Institutions.

Extended resections are performed for the eradication of lo-
cally advanced T3 and T4 lung tumors. T3 lung tumors are lo-
cally advanced lung carcinomas which are however considered to
be resectable (tumors more than 7cm in their maximal diameter,
tumors with a separate cancer nodule in the same lobe with the
primary tumor or tumors with direct invasion of the chest wall,

diaphragm, parietal pericardium, phrenic nerve, mediastinal pleura
or tumors extending in the main bronchus in distance less than
2cm from the main carina). In the other hand, T4 tumors are lo-
cally advanced lung tumors which are generally considered un-
resectable at first glance. T4 tumors can be distinguished in two
major subcategories: a) tumors with a separate tumor nodule in a
different ipsilateral lobe and b) tumors which directly invade the
heart or the great mediastinal vessels or the trachea orthe recurrent
laryngeal nerve or the esophagus or the vertebral body or the main
carina. T4 tumors can be resectable in some instances, in case of
limited invasion of mediastinal structures and especially after ef-
fective down-staging by induction treatment. Indeed, resection of
T4 tumors is accomplished by complex surgical procedures and it
has to be made in specialized centers where multidisciplinary on-
cological and surgical teams are available. One’s could further dis-
tinct two major categories of locally advanced T3 and T4 tumors
which have different characteristics and different prognosis. The
first category is that of peripheral lung tumors extending into the
neighboring organs (i.e. chest wall, diaphragm, and spine) and the
second one is that of centrally located tumors which extent to the
mediastinal organs such as the main carina, thetracheobronchial
angle, theleft atrium through the pulmonary veins or the mediasti-
nal vessels. The tumors of the second category are more likely
to be technically unresectable and/or to spread in the mediastinal
nodes.

The most important requirement before any attempt to pro-
ceed with extended resection for NSCLC is the exclusion of the
cancerous involvement of the mediastinal nodes (N2 or N3 dis-
ease) by strictly adhering to the currently existing guidelines [6],
because locally advanced tumors with involvement of the medi-
astinal nodes have no chance for cure. In addition, the candidates
for extended resections have increased risk of complications and
mortality and therefore they need exhaustive preoperative work-
up and accurate estimation of their overall performance status [7].
The risk assessment before extended resection for NSCLC should
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always include the postoperative cardiac event risk stratification
(especially the exclusion of the clinically silent coronary artery
disease), the estimation of the risk for postoperative death by us-
ing the “THORACOSCORE” and the estimation of the postop-
erative respiratory status by using all the available examinations
and imaging techniques. [8] Any modifiable risk factors should be
addressed carefully and the patient should be informed with details
for the morbidity/mortality rates associated with the proposed pro-
cedure and for any possible influence of the extended resection on
his lifestyle [8].

The benefits of extended surgery performed for the eradica-
tion of locally advanced T3 or T4 lung tumors can be seriously
flawed by: a) the relatively high possibility of existence of occult
distant micrometastases or microscopic mediastinal lymph node
metastases at the time of surgery which cannot be detected by any
imaging or invasive technique before surgery and b) by the rela-
tively high possibility of incomplete resection or open-close tho-
racotomy. In addition, the accurate preoperative staging (T stage)
by using all the available imaging techniques (PET/CT scan, MRI,
CT scans with 3-D reconstructions is impossible in many instances
[9]. Despite all the above mentioned limitations which put the ex-
tended resections in the “grey zone” of surgery for NSCLC, the
expected benefits of surgery are the better local control of the dis-
ease, the prolongation of survival and the possible cure in 15-35%
of the well selected patients for extended resection [2,3,5,10]. The
responsible for the patient multidisciplinary team should make any
effort to avoid either, overstaging of the tumor which can exclude
some patients from surgery or under-staging of the tumor which
will be responsible for incomplete (R1 or even R2 resections) or
even for open-close thoracotomies [10]. Restaging of locally ad-
vanced tumors after induction treatment is a very difficult process
and the PET criteria should be used for restaging [11].

According to the recently published guidelines byscientific
societies (British Thoracic Society and Society of Cardiothoracic
Surgeons of the Great Britain and Ireland, American College of
Chest Physicians), government organizations (National Institute
for Health and Care Excellence) or non-profit cancer networks (Na-
tional Comprehensive Cancer Network) there is a general agree-
ment that surgery should be offered in patients with T3NO-1MO
NSCLC [8,12-14]. Surgery should also be offered in “selected pa-
tients with T4NO-1MO NSCLC as part of their radical multimodal-
ity treatment protocol”. Complete resection with negative margins
has to be the main goal of surgery [8,12-14].NCCN (2017 revised
clinical guidelines) clearly states concerning resection of locally
advanced T3 and T4 tumors that “If a surgeon or center is un-
certain about potential resection, consider obtaining an additional
surgical opinion from a high volume specialized center” [12].

Tumors with direct invasion of the chest wall and diaphragm
should undergo en bloc lung parenchyma and chest wall/diaphragm

resection with wide tumor free margins (more than 2cm if possi-
ble) in the absence of distant metastases and nodal mediastinal dis-
ease [12-14]. Superior sulcus (Pancoast) tumors are by definition
T3 or T4 tumors and according to NICE (2011) should be treated
as any other T3 or T4 lung tumor and not as a separate category
of lung tumor [13]. The standard of care is the administration of
neoadjuvant chemo-radiotherapy followed by en bloc resection of
the upper lung lobe together with all the invaded strictures by tis-
sue contiguity. [13,14]. There is a variety of surgical approaches
described for the radical resection of superior sulcus tumors ac-
cording to the location of the tumor within the thoracic inlet [15].
Invasion of the spine through tissue contiguity is more commonly
observed in superior sulcus tumors located in the posterior com-
partment of the thoracic inlet. Invasion of less than 50% of one
or two vertebral bodies allows radical tumor resection in selected
cases, however combined thoracic and neurosurgical procedures
are accompanied by serious increase of the complications rate and
by high mortality [15]. Incomplete resection has similar survival
with that of no resection [16]. Carinal resection is a technically de-
manding procedure which has to be performed in selected patients
and in few centers with concentrating experience in the technique.
There are some historical series reporting good long term results
after extended resections of lung tumors invading the mediastinal
vessels (i.e. resection and reconstruction of the superior vena cava
or of the descending aorta) [5]. According to Bakhus and Wood
(2014), “central vascular involvement that requires the use of car-
diopulmonary bypass should be considered a contraindication for
resection”[10]. Certainly, limited invasion of the superior vena
cava which can be managed by the simple application of a site
clamp or of the azygos vein do not preclude resection. In general,
initially unresectable T4 locally advanced tumors should receive
neoadjuvant treatment and resection should be offered only in
selected patients with good response to induction treatment [12].
Indeed, we should remember that extended resections after induc-
tion treatment are associated with higher morbidity and mortality
rates [17].

Pneumonectomies with en bloc resection of the pericardium
and especially those with resection of part of the left atrium with-
out the support of cardiopulmonary bypass are a separate type of
extended resection. There are some published series including only
few cases each [5,18,19]. This type of extended pneumonectomy
has never been included in the published clinical guidelines prob-
ably due to the limited evidence. The procedure is associated with
increased morbidity and mortality. In my personal experience the
procedure can offer prolonged survival in selected patients with
extension of the tumor within the inferior pulmonary vein. I have
however to note that we experienced once a cerebral embolic event
with fatal outcome, probably due to the separation during the sur-
gical manoeuvers of an small neoplastic embolifrom the located
within the lumen of the inferior pulmonary vein main embolus.
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Overall, the completeness of resection and the absence of N2
disease are the main determinants of prolonged survival in locally
advanced tumors undergoing extended resection. R1 and R2 resec-
tions are associated with survival rates similar to that of no resec-
tion. Induction treatment is the gold standard in superior sulcus
lung carcinomas. Induction treatment can be applied in some T3
and in most of T4 tumors in order to succeed effective down-stag-
ing and RO resection. Extended resections after induction treat-
ment are associated with increased morbidity and mortality rates.
The risk of incomplete resection and the risk of distal relapse of the
diseases because of the existence of occult distant micrometastases
at the time of surgery are also high.
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