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ABSTRACT

Background: In case of failure or a presence of residual tumor after definitive chemotherapy and/or
radiotherapy applied in advanced lung cancer treatment, surgical treatment with RO resection can be
performed in selected patients. Also called salvage resections, the indications for these operations remain
unclear in the literature. Our study investigated the efficacy of "Salvage" operations using postoperative

survival, intraoperative—postoperative morbidity, and mortality along with prognostic factors.

Materials and Methods: Patients operated on for non-small cell lung cancer between January 2006 and
December 2016 were examined. Among these patients, 51 patients who underwent RO resection after

definitive chemotherapy and/or radiotherapy were evaluated.

Results: The mean age was 57.58 + 6.78 (46-78) years in 46 male and 5 female patients. Thirty-two
(62.74%) patients had chemotherapy at the definitive dose, 16 (31.37%) received chemoradiotherapy, 3
(5.88%) underwent high-dose radiotherapy. The mean duration between treatment and surgery was 14 +
10.89 (6-74) weeks. Thirty-two patients were clinically evaluated as Stage 3A, while 19 as Stage 3B and
referred to definitive therapy. Thirty (63%) patients underwent lobectomy and 19 (37%) pneumonectomy.
Forty-two patients (82.35%) had no complications, and there were complications in 9 (17.65%) patients.
Postoperative mortality occurred in four (7.8%) patients. Five-year survival was calculated as 36.6%, and

the median survival was 34 months. Median progression-free survival was 26.23 months.

Conclusion: "Salvage surgery" has been considered a feasible method in experienced centers with

acceptable morbidity and mortality in selected patients with advanced lung cancer.
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Introduction

Lung cancer, the most common malignity in men and
the second most common in women, is a significant pub-
lic health problem globally. Because effective screen-
ing methods are not sufficient and do not show specific
symptoms, the cases are diagnosed as advanced stages
at the time of diagnosis [1]. Salvage surgery refers to
surgical resection performed after definitive non-sur-
gical therapy (such as chemoradiotherapy) in patients
previously deemed unresectable. Despite its increasing
use, clear selection criteria and long-term outcomes re-
main controversial [2]. This study aimed to assess the
survival outcomes and prognostic factors associated
with salvage pulmonary resections in patients with ad-

vanced-stage NSCLC initially deemed inoperable.

Since approximately 70-85% of patients with non-
small cell lung carcinoma (NSCLC) are diagnosed in
the advanced stage at the time of diagnosis, most pa-
tients cannot have the chance for radical surgery [3]. Al-
though systemic chemotherapy + radiotherapy is gen-
erally recommended in this group, the 5-year survival
rate is only 5-30% (4). In this group, salvage surgery
performed due to local recurrences despite treatment,
failure to respond to treatment, or the possibility of re-

sectability after treatment may increase survival.

This retrospective study aimed to investigate the fea-
sibility and efficacy of salvage surgery on survival (OS)
with perioperative morbidity and mortality in NSCLC
patients who were initially considered to be unable to
undergo RO resection, did not have distant metastases,
and were referred to definitive chemotherapy / radio-
therapy (RT) / chemoradiotherapy (CRT) for these rea-
sons and subsequently operated. We hypothesized that
salvage surgery could offer a survival benefit, particu-
larly in patients achieving mediastinal downstaging af-

ter definitive therapy.
Materials and Methods
TBetween January 2006 and December 2016, 3500 pa-

tients were operated on for non-small cell lung cancer in
our center. Among these patients, there were 80 patients
who were initially evaluated as inoperable, referred for
definitive treatment, and then referred for surgery again.
Of these 80 patients, 51 patients who underwent standard

lung resection and mediastinal lymph node dissection
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and who were considered to have RO resection were in-
cluded. Excluding criteria are; distant metastasis, incom-

plete resection and neoadjuvant therapy.

In the preoperative evaluation process of all patients,
chest computerized tomography (CT) angiography, which
did not exceed 30 days until the operation, positron emis-
sion tomography- computerized tomography (PET-CT),
contrast-enhanced brain CT or magnetic resonance imag-
ing (MRI), pulmonary function test (PFT), and blood gas
examinations were performed after definitive treatment.
The patients with borderline PFT values for resection un-
derwent ladder and VO2max tests. A preoperative cardi-
ological evaluation was performed on all patients. In the
presence of suspicious mediastinal lymph nodes on chest
CT and PET-CT, mediastinal evaluations were made with
endobronchial ultrasound (EBUS) before the operation
of the patients who had definitive treatment. The patients
were followed up through the outpatient clinic during
the postoperative period, and their latest status was up-
dated via the central civil registration system. The effects
of variables such as age, gender, type of definitive treat-
ment, type of resection, pathological subtype, tumor di-
ameter, and stage on 5-year survival were investigated.
This study was conducted as part of a medical specialty
thesis and was approved by the Training Commission
for Medical Specialization of the University of Health
Sciences, Dr. Suat Seren Chest Diseases and Thoracic
Surgery Training and Research Hospital. As per national
regulations applicable at the time and the institutional
protocol, a separate ethical committee approval was not

required for retrospective analyses of anonymized data.
Statistical Analysis

For the analysis of quantitative data, compliance with
normal distribution was examined by Kolmogorov-
Smirnov Test, parametric methods were used in the
analysis of variables with normal distribution and ho-
mogeneous variances, and non-parametric methods were
used in the analysis of variables that did not have a nor-
mal distribution and homogeneous variance. Statistical
Package for the Social Sciences (SPSS) 16 program ana-
lyzed the data. Comparisons were performed using the
independent-samples t-test or Mann—Whitney U test for
continuous variables, and Chi-square test for categorical

variables. Survival was estimated using the Kaplan-Mei-
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er method. Cox regression analysis was used for multi-
variable survival analysis. A p-value <0.05 was consid-
ered significant. Quantitative data were expressed in the
tables as mean = std. (standard deviation) and median =+
IQR values. Categorical data were stated as n (numbers)
and percentages (%). The data were analyzed at a 95%
confidence level, and a p-value less than 0.05 was con-
sidered statistically significant.

Results

Of the patients in our study group, 46 (90.19%) were
male, 5 (9.81%) were female, and the mean age was
57.58 + 6.78 years (46-78). Twenty-five (49.01%) pa-
tients were not operated on and directed to definitive
treatment due to mediastinal invasion, 24 (47.05%) due
to bulky/multi N2, 1 (1.96%) due to widespread chest
wall invasion, and 1 (1.96%) due to medical inoper-
ability. 32 patients (62.74%) received CT, 16 (31.38%)
CRT, and 3 (5.88%) radiotherapy. Before definitive
treatment, the stages after clinical evaluation were de-
termined as Stage 3A in 21 (41.18%) and Stage 3B in
30 (58.82%) patients.

The time from the last definitive treatment to the oper-
ation was calculated as 14 + 10.89 (6-74) weeks on aver-
age. In the preoperative evaluation, 30 (58.82%) patients
had no comorbid disease, while 21 (41.18%) patients had
an accompanying disease. 32 (63%) patients underwent
lobectomy, and 19 (37%) patients had pneumonectomy.
Extended resection was performed in 14 (27.45%) of the
patients. Mediastinal staging of 17 patients before defini-
tive treatment or before surgery was evaluated either with
EBUS or mediastinoscopy. Clinical evaluation was per-
formed with PET-CT in other patients.

The mean postoperative hospital stay was 8.23 +
3.12 (4-20) days. Postoperative complications devel-
oped in 9 (17.65%) patients. When the pathology re-
ports were examined, 15 (29.41%) patients had adeno-
carcinoma, 28 (54.9%) had squamous cell carcinoma,
and 8 (15.69%) had other pathological types. This other
pathological subtype group included adenoid cystic
carcinoma in 1 patient, NSCLC in 4 patients, large cell
carcinoma in 1 patient, carcinoid tumor in 1 patient, and

pleomorphic carcinoma in 1 patient.

The postoperative staging was evaluated as pTNM
(pathological TNM) staging after multimodal treatments,
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and 11 patients (21.57%) were Stage 0, 17 patients (33.33%)
Stage 1, 14 (27.25%) Stage 2,and 9 (17.65%) Stage 3.

The mean postoperative hospital stay was 8.23 +
3.12 (4-20) days. 4 (7.8%) patients developed postop-
erative mortality in the first month. While no recurrence
or metastasis was observed in 29 patients during their
follow-up, 14 of 22 patients had lung recurrence, 4 had
brain metastasis, one patient had liver, two had bone,
and one had adrenal metastases. Five-year survival was

36.6%, and median survival was 34 months.

While the 5-year survival rate was 38.2%, and the
median survival was 28 months in those with clinical
stage 3A before definitive treatment, these values were
34.1% and 34 months in those with 3B, respectively
(Figure 1). There was no significant difference between
stage 3A and 3B patients (p = 0.505). The 5-year surviv-
al rate was 40.4% in patients with mediastinal invasion
as the definitive cause of treatment, and it was 35.3% in
patients with multi/bulky N2 (Figure 2). No statistical
significance was observed between them (p = 0.254).

While the 5-year survival rate was 38.2% in patients
who underwent lobectomy, it was 31.6% in pneumonecto-
my patients. Although the results were better in lobectomy,
there was no statistical significance (p = 0.427). Consider-
ing the cell type, 5-year survival was 22.9% in adenocar-
cinoma, 40.7% in the squamous cell, and 46.9% in other
pathologies. No statistical significance was observed be-

tween the pathology subtypes as well (p = 0.325).

The pathological T stage was evaluated, and the
5-year survival in the Tx group, which had a com-
plete response after definitive treatment, was found to
be the best at a rate of 54.5%. While it was 28.6% in
T1,42.4% in T2, and 40.8% in T3, no patient achieved
5-year survival in the T4 stage. There was no statisti-
cal significance between the values (p = 0.104). When
the N status was evaluated, the 5-year survival rate was
49.1% in patients with NO pathologically, 14.3% in N1,
and 0% in N2 (Figure 3). Statistically, the survival rate
was higher in NO patients (p = 0.006). When the time to
surgery after definitive treatment was examined, there
was an inverse correlation between survival and time
according to Pearson's correlation test, which was sta-

tistically significant (p = 0.032). R-value was -0.301.
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Figure 1. Survival in stages 3A and 3B before definitive treatment.
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Figure 3. Survival in the case of pathologic N.
Discussion

In our study, the overall survival was 36.6%, and the
median survival was 34 months in patients who under-
went surgical resection after definitive treatment for lo-
cally advanced NSCLC.

Since NSCLC is a heterogeneous group with locally
advanced stages, there is no clarity between treatment
modalities [5]. Pathological mediastinal staging is rec-
ommended in locally advanced diseases. In NO disease,
surgical treatment has positive results if RO resection can
be achieved. There are studies in the literature indicat-
ing that an operation can be performed in the presence
of single-station N2 with postoperative CT to be admin-
istered [6]. Systemic treatment is recommended primar-
ily for patients with multi-station N2/N3 or who can-
not undergo RO resection. Thus, surgical resection can
be performed on patients with RO resection potential,
avoiding pneumonectomy if possible. Definitive CRT
is recommended as a systemic treatment [5-7]. Studies
comparing definitive CRT and trimodal (CRT+surgery)
treatment in locally advanced diseases demonstrated
that disease-free survival is better in trimodal treatment,
although there are similar results in terms of overall sur-
vival [5,8.9]. In our study, most patients evaluated as
inoperable due to mediastinal invasion and multi/bulky
N2 were referred for definitive treatment. As a defini-
tive treatment, per the literature, CT was applied to 32
patients, CRT to 16 patients, and RT to 3 patients.

Since downstaging is known to be a major prognos-
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tic factor after induction therapy, re-staging is vital to
determine subsequent therapy [6-7]. Many centers per-
form definitive surgery on cases that are thought to be
NO or N1 after induction therapy [10,11]. Yang et al re-
ported that mediastinal re-staging was associated with
improved survival in their Stage 3A-N2 patient series
consisting of 111 patients [5]. PET-CT after induction
therapy for mediastinal re-staging is of low accuracy
due to the high rate of false-positive and false-negative
results [12]. In minimally invasive techniques, false
negativity was as high as 20-30% [13]. In a study per-
formed with 104 patients in the literature, the sensitiv-
ity of re-mediastinoscopy was 71%, the specificity was
100%, and the accuracy rate was 81% [14]. In our study,
mediastinal re-evaluation after definitive treatment was
performed with mediastinoscopy in 10 patients and
EBUS in 7 patients. Other patients were assessed ac-
cording to PET—CT results.

In our study, the survival of NO, N1, and N2 patients
after definitive treatment was better, similar to the liter-
ature. After definitive treatment, tumoral treatment was
evaluated as the complete response in our Tx and Stage
0 patients, and the highest survival rates were obtained
in these groups, in line with the literature.

The American Intergroup 0139 study, the European
organization for cancer research and treatment (EO-
RTC) 08941 study, and the ESPATUE study are the
largest phase III studies examining treatment modalities
in locally advanced diseases. The American intergroup
study determined no difference in median survival in
patients who received trimodal therapy and definitive
therapy. Trimodal therapy was superior in progression-
free survival. It was suggested that both treatment
modalities could be applied [8]. In the EORTC study,
two groups of patients who underwent CT+RT and
chemotherapy+surgical treatment were compared, and
there was no difference in the survival between the two
groups. Similarly, no difference was observed in pro-
gression-free survival. CT+RT treatment has been rec-
ommended for low morbidity and mortality rates [8].
In the ESPATUE study, when the two groups that un-
derwent definitive CRT and surgical resection after CT
were compared, no difference was determined between

both 5-year and progression-free survivals. It was re-



ported that the application of both treatment modalities
in this group of patients positively affects survival [11].

In a phase III randomized study by Miklos Pless et
al (clinicaltrials.gov number NCT00030771), surgical
resection was performed on IIIA N2 patient groups, one
of whom started with CT and the other with CRT. In
the CRT and CT groups, the disease-free survival was
12.8 and 11.6 months, and the median survival was 37.1
and 26.2 months, respectively. There was no statistical
difference between the groups. They concluded that ra-
diotherapy did not provide additional benefit to patients
undergoing surgery after chemotherapy and stated that
a definitive local treatment method combined with neo-
adjuvant chemotherapy is sufficient to treat resectable

stage IIIA/N2 non-small cell lung cancer [5].

The most discussed concepts in locally advanced dis-
eases include potentially resectable, unresectable, and
bulky N2 diseases, re-staging after induction therapy, the
effectiveness of surgery and radiotherapy in combined
treatments, treatment approach in persistent N2, and post-
operative radiotherapy after resection in N2 diseases [11].
In our study, the median survival was 34 months, and the
5-year survival was 36.6%. Median progression-free sur-
vival was 26.23 months. Downstaging in the N factor
seems to be the most important factor affecting survival
in locally advanced stages. The time between definitive
treatment and surgery also seems to be critical in survival.

Our results were compatible with the literature.

"Salvage surgery" is still a controversial issue, but its
full extent and effect on survival are unclear. In the lit-
erature, "salvage surgery" has also been defined as in pa-
tients who have locally advanced disease and need emer-
gency surgery while under induction treatment, who
were operated on only after SBRT (stereotactic body ra-
diation therapy), who were operated on only after high-
dose RT, or who could not complete induction treatment
and were operated due to contraindications (Table 1). In
the publications under these definitions, there are also
those with R1 resection. We consider that the ideal sur-
gical resection is RO resection and complete mediastinal
Iymph node dissection. The patients in our study were
patients who underwent RO resection and were treated

with different modalities as definitive treatment.

Due to the differences in the definition of "Salvage
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surgery," it may not be correct to compare the results
in the literature with each other since the studies in the
literature show differences in indications. Hence, se-
lecting the appropriate patient for the "salvage surgery"
application is vital. In other treatment methods, the me-
dian survival for patients with recurrent local lung can-
cer is less than 12 months [13].

After definitive treatment, lung resection may in-
crease mortality and morbidity rates due to the risk of
vascular injury and dissection difficulties as a result of
the effects of definitive treatment [14,15]. In our study,
the first 1-month mortality occurred in 4 (7.8%) pa-
tients, while postoperative major or minor complica-
tions developed in 9 (17.64%) patients. Our results were
evaluated as consistent with the literature or even better.

After definitive treatment, the effects of definitive
treatment on the lung from the time to surgery make
the operation risky by creating dissection difficulties.
When the literature is examined, durations longer than
12 weeks on average increase surgical morbidity and
mortality due to increased fibrosis [14,15]. Our study
observed that the time until the transition to surgery af-

ter definitive treatment was similar to the literature.

The widespread use of immunotherapeutic agents,
such as immune checkpoint inhibitors, in the treatment
of advanced non-small cell lung cancer (NSCLC) has
led to the emergence of a patient cohort that responds
to therapy but subsequently develops residual or oligo-
progressive disease [22]. In these selected patients,
salvage surgery has emerged as a feasible and safe lo-
cal treatment option [23,24]. Multicentre studies have
demonstrated that salvage resections following immu-
notherapy are predominantly lobectomies, achieve high
rates of complete resection (RO), and are associated
with acceptable perioperative morbidity and 30- to 90-
day mortality rates [22-24]. Furthermore, a significant
proportion of these patients achieve a pathological com-
plete response (pCR), which is considered a promising

prognostic indicator for long-term survival [24].
Limitations of the study

There were also some limitations in our study. The me-
diastinal staging was performed only before definitive

treatment and/or surgery in our data. We think that the
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inconsistency in mediastinal staging was due to clinical
experience, changes in staging and the lack of oncol-
ogy council evaluations in the first patients included in
the study. All patients in the later period of our study
underwent mediastinal staging both before definitive
treatment and before surgery, they were evaluated in the
oncology council, and their treatments were applied in
line with the literature. As per the literature, we think
that mediastinal "downstaging" should be evaluated
in the pathological dimension for more objective data.
Unfortunately, it is not possible for the evaluations to
be based on an objective basis since locally advanced
stage disease is a very heterogeneous group, there are
quite different opinions at this stage, and the changes in
staging are more common at these stages. All patients
at this stage should be evaluated in oncology councils,
including oncologists, chest diseases, radiation oncol-
ogy, and thoracic surgery specialists. In the patients we
included in our study, there was no comprehensive on-

cology council evaluation in our cases before 2010.

Lung resection after definitive therapy can be per-
formed with considerable morbidity and mortality. In
locally advanced diseases, evaluation should be multidis-
ciplinary. Trimodal treatments and surgery have positive
contributions to survival and disease-free survival in pa-
tients at this stage. For the definition of "salvage surgery"
to be applied in locally advanced diseases, studies should
be performed with more extensive patient populations.
With the developing surgical techniques and imaging
studies, surgery will become more applicable after de-
finitive treatment in locally advanced diseases, making
it possible to be more involved in treatment modalities.

In conclusion, salvage surgery may offer a surviv-
al benefit in carefully selected patients with advanced
NSCLC following definitive treatment. Future prospec-
tive studies with larger cohorts and uniform definitions are

warranted to clarify its role in multimodal management.
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