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Salvage pneumonectomy after definitive chemo-radiotherapy
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Abstract: Guidelines and recommendations for not small cell lung cancer in stage IITA include induction
chemoradiotherapy followed by surgical resection, induction chemotherapy followed by surgery, and
definitive chemoradiotherapy. After definitive high dose chemoradiation, >35% of patients will locally
relapse. In a slight proportion of patients, the recurrent disease is isolated local relapse not suitable for
curative-intent radiotherapy. Therefore, complete resection (salvage surgery) is the first curative-intent
modality of treatment. Salvage surgery is technically feasible in high-volume referral centres when indicated.
Even if salvage surgery is a challenging operation, can be performed with adequate morbidity, mortality, and
long-term outcomes, even when anatomical resections larger than a lobectomy or extended resections are
necessary. The prognostic analyses of salvage surgery could offer a background for further discussion of the
factors determinant to undertake this strategy. Strictly multidisciplinary meetings are crucial to deciding on
salvage lung resection. Specific attention should be paid to the recurrence location of original cancer. The
task remains in identifying patients promptly with persistent tumour after prior treatment and with local

failure. This careful selection and the surgical expertise allow for successful salvage pneumonectomy with

acceptable morbidity.
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Introduction

Guidelines and recommendations for not small cell lung
cancer in stage IIIA include induction chemoradiotherapy
followed by surgical resection, induction chemotherapy
followed by surgery, and definitive chemoradiotherapy (1).
After definitive high dose chemoradiation, >35% of patients
will locally relapse. In a slight proportion of patients, the
recurrent disease is isolated local relapse not suitable for
curative-intent radiotherapy. Therefore, complete resection
(salvage surgery) is the first curative-intent modality of
treatment (2). Previous studies demonstrated an acceptable
safety without the statistical power to detect associations
between prognosis and salvage surgery (3,4).
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The definition of salvage thoracic surgery

Salvage surgery is the surgical resection of recurrent or
persistent primary lung tumours after preceding local
treatments (5). The most frequent indications for a salvage
operation are apparent relapse by computed tomography
(CT), continually irregular positron emission tomography
(PET) discoveries after the radiotherapy conclusion, and
a postponed choice to convert to a trimodal approach (2).
However, on a broader reason, salvage surgery could be
described as surgical resection of recurrent or persistent
primary lung tumours after previous local treatments, as
well to urgent symptoms such as haemoptysis (6). The
indications for salvage lung resection can be summarised as
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a biopsy-proven NSCLC before any treatment, underwent
curative-intent radiotherapy with or without chemotherapy
or a trimodally treatment not incorporating surgical
resection with a subsequent salvage pulmonary resection.

Selection of the patients for the salvage surgery

The selection of patients is one of the most crucial aspects
to obtain positive effects of salvage surgery. FDG PET
and magnetic resonance of the brain are essential for
completing the staging. A new histological confirmation of
the neoplasm is mandatory before discussing the indication.
In patients with radiological findings of presumed lymph
node involvement, Endobronchial ultrasound (EBUS)
bronchoscopy should be performed. For more accurate
staging, further advances in diagnostic imaging and
development of new modalities are expected in the future.
Assessment of circulating tumour cells could have an
essential role in defining if salvage surgery is mandatory
since circulating tumour cells (dissemination of the disease
at the cellular level), were substantially associated with
shorter progression-free survival and overall survival (7).
Therefore, the selection criteria for salvage surgery could
be:

(I) Early age (<70 years) fit patients with a careful
cardiorespiratory evaluation showing the feasibility
of surgery;

(IT) A patient determined and wholly informed about
the proposed operation;

(IT) Failure of previous surgical and medical treatments;

(IV) No other helpful treatments accessible;

(V) No shreds of evidence of extrathoracic disease (8).

Various methods of restaging after induction have been

evaluated, and the results differ subject on the option.
Restaging only by imaging is inaccurate due to high false
negative and positive rates. Survival for patients, not
downstage after induction, have satisfactory rate, like the
downstage patient (4). The indication of salvage surgery
should be discussed inside a multidisciplinary tumour.
Contribution of thoracic surgeons in the assessment of
treatment strategy during the multidisciplinary tumour
board may change the entire treatment regimen.

Surgical and postoperative tips and tricks

In published series of salvage surgery, the number of
patients is inadequate to define the early and long-
term effects, since indications remain uncertain. The
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complexity of the procedures, the high morbidity and
mortality associated in the postoperative period, and
the need of a highly experienced team are some of the
issues that may explain these small numbers. Two issues
transform salvage surgery in a challenging procedure:
the high doses of radiotherapy administered and the time
between finishing radiotherapy treatment and resection
(>8 weeks). Concerning the reduced experience with
salvage lung surgery and the small number of thoroughly
selected patients, the perioperative risk appears not
higher if compared with trimodally therapy models, even
though the application of high radiation dose upfront
the surgical operation. The more frequent complications
were pneumonia, bronchopleural fistula, acute respiratory
distress syndrome (ARDS), and recurrent laryngeal nerve
palsy (mainly the left). ARDS develops commonly and is
a significant cause of postoperative death. A coverage of
bronchial stump with vascularized tissue must be taken
into consideration to reduce the complication rate. Besides,
a pleural decortication and tenting should minimise the
remaining air space and air leakage. The recurrent laryngeal
nerve injury should be avoided, to ensure expectoration
and to sustain early postoperative mobilisation. The risk
of pneumonia and post-resection empyema could be
decreased by the administration of intravenous antibiotics,
specifically during the first five postoperative days (9,10).
These complications, however, commonly developed
concerning the length and the complexity of surgery and
is also joint in surgery after induction chemoradiotherapy.
Desmoplastic reactions due to preoperative radiotherapy
and/or chemotherapy could worsen wound healing and give
weaknesses to the anastomotic sites and bronchial stump (3).

Brief review of the principal experiences
reported in the literature

A series of 40 NSCLC patients who underwent surgical
resection after definitive chemo-radiotherapy was
published by Sonnet in 2004. The median time between
radiotherapy and surgery was two months (11). No
postoperative mortality was reported due to a different
radiation technique, a better selection of patients, the
coverage of the bronchial stump and enhancements in
the postoperative management. In 2008, Bauman ez a/.
reviewed 24 patients underwent salvage surgery after
definitive chemoradiotherapy with a median overall survival
of 30 months (2). Thirty-five patients who underwent
salvage resection after definitive chemoradiotherapy were
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published by Casiraghi et a/. The series comprised patients
who received <59 Gy with an extended period between
radiotherapy and surgery, and patients who received
>59 Gy where surgery was performed <8 weeks after
finishing radiotherapy with a 51% morbidity and 5.7%
mortality rates. The morbidity was correlated with
>3 chemotherapy cycles, but not related to a higher dose of
radiotherapy or more extended interval between the end of
radiotherapy and surgery (12). Uramoto et 4/. found a 5-year
overall survival rates in salvage surgery patients of 40.4%,
demonstrating a favourable long-term outcome of salvage
surgery (5). In the series reported by Dickhoft et 4l., the
overall survival was 46 months (13).

Discussion

Salvage lung surgery is technically challenging due to the
intraoperative risks of major vessel injury and the high
rates of significant morbidity and mortality. Outstanding
surgical outcomes can be justified by numerous potential
factors. This cohort represented a highly selected group of
patients with favourable response to their initial treatments
and functional performance status who were expected to
benefit from the surgical alternative based on a combination
of objective and independent information. Patients
with an ineffective response to preoperative treatments
were excluded. Advancements in radiotherapy and the
introduction of a wide variety of new-generation agents
provided concurrently better compliance and efficacy. The
delay intrinsic in salvage surgery may enhance intraoperative
risk, but confirmation of the nonappearance of distant
recurrences is essential to prevent unnecessary resection.
Lastly, induction therapy followed by lung surgery has often
been used in stage III disease patients. Clinical experiences
and improved perioperative care, as in high-volume referral
centres, should provide to decreased rates of mortality
and morbidity in salvage surgery. Recognition of proper
candidates who will benefit from salvage surgery has not
been still explained and has been tough. Some studies of
neoadjuvant therapy have described that nodal sterilisation
and local therapeutic effect have been associated with
extended survival (14).

There are more than a few limitations related to this
narrative review. All data were retrospectively collected.
Furthermore, due to the small sample sizes, caution should
be used in the interpretation of the results. Prospective
studies in larger cohorts at various institutions will be
needed to explain the efficacy of salvage surgery and to
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overcome these limitations. A comprehensive examination
of a prospective trial could produce current information
about the relationships between the survival and timing of
surgery and the patient selection, along with the therapeutic
consequences in pathological specimens.

Conclusions

Salvage surgery is technically achievable when indicated
and could be achieved with acceptable morbidity, mortality,
and long-term outcomes, even when a pneumonectomy is
required (15). The prognostic analyses of salvage surgery
could offer a background for further discussion of the
factors determinant to undertake this strategy. Strictly
multidisciplinary meetings are crucial to deciding on salvage
lung resection. Specific attention should be paid to the
recurrence location of original cancer. The task remains in
identifying patients promptly with persistent tumour after
prior treatment and with local failure. This careful selection
and the surgical expertise allow for successful salvage
pneumonectomy with acceptable morbidity.
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