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Abstract: Definitive chemoradiotherapy (CRT) has been a standard of care for patients with unresectable
stage III non-small cell lung cancer (NSCLC). However, locoregional recurrence occurs in about 30%
of patients after definitive CRT. Recently, the addition of durvalumab as maintenance therapy has shown
to improve the outcome of these patients. However, locoregional recurrence will still remain. “Salvage
surgery” has been performed to achieve local control in clinical practice, although its clinical significance
is unclear. In this review, we define salvage surgery as lung resection for local control of the tumor which
was not planned initially, after failure or insufficient treatment effect of the initial CRT for locally advanced
cancer and evaluated nine studies to gain some insights on its role in the treatment of lung cancer. The
time from radiotherapy (RT) to salvage surgery varied considerably (range, 3 to 282 weeks). Salvage
surgery was performed for persistent disease (47%) and locoregional recurrence (52%). Lobectomy (63 %)
and mediastinal lymph node dissections (90%) were the most common procedures. However, the rate
of pneumonectomy was higher in salvage surgery (28%) compared to that in lung resection in general.
The median morbidity was 41% (range, 15% to 62%) and the mortality was 4% (range, 0 to 11%) which
appeared acceptable. The median recurrence-free survival and overall survival (OS) after salvage surgery
ranged from 10 to 22 months and 13 to 76 months, respectively. Favorable prognostic factors of salvage
surgery were longer period from RT to salvage surgery and radiological downstaging. The pathological
response was also prognostic, although this information cannot be obtained preoperatively. We conclude that
salvage surgery can be considered especially for those with late local recurrence or those with the metabolic
response. Given the condition where phase III trials are difficult, the accumulation of real-world evidence in

a prospective fashion will be necessary.
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Introduction performed to save patients from treatment failure, in cases

According to the Longman Dictionary of Contemporary where other treatment options have already been used (1).

English, “to salvage” is defined as to save something from In the treatment of lung cancer, salvage surgery most

an accident or bad situation in which other things have often refers to lung resection in cases of locally relapsed

already been damaged, destroyed, or lost. Therefore,
the term “salvage surgery” is used for a surgery that is
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tumor after concurrent chemoradiotherapy (CRT) for

locally advanced tumors (2). Salvage surgery usually does
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Figure 1 Indication of salvage surgery corresponding to clinical course after definitive chemoradiotherapy for unresectable stage III non-

small cell lung cancer. The considerable clinical course after definitive chemoradiotherapy (CRT) with or without consolidation therapy of
durvalumab, an immuno-oncology drug (I0), for unresectable stage III non-small cell lung cancer (NSCLC) patients, and corresponding
treatment modalities are shown. Based on the radiological evaluation of target lesions, primary tumors and metastatic locoregional lymph
nodes can be classified as complete response (CR), partial response (PR), stable disease (SD) and progressive disease (PD). The standard
of care after definitive CRT is observation or supportive care regardless of therapeutic response, and chemotherapy is selected for some
patients with PD disease. “Salvage surgery” is defined as surgery to salvage the patients from various disease statuses after prior treatment
(definitive CRT). Conversion surgery, which is a type of salvage surgery, is performed for persistent disease (a stable-remaining tumor of
the primary tumor or metastatic locoregional lymph nodes) that were converted from “initially unresectable” to “potentially resectable” due
to a favorable response to definitive CRT. During surveillance after definitive CRT, disease progression is observed in some of the patients
with the following classifications: (I) oligometastasis, which is characterized by a solitary or a few detectable metastatic lesions, (II) long-
term persistent disease or locoregional recurrence (a regrowth tumor of the primary tumor or metastatic locoregional lymph nodes), and
(IIT) poly-metastasis. According to the degree and speed of disease progression and patient factors, treatment modalities are determined for
disease progression. Among them, surgeries that are performed for oligometastasis, long-term persistent disease, and locoregional recurrence
are also defined as salvage surgery. Needless to say, the indication must be determined based on the careful restaging. In this review, we

excluded salvage surgery for oligometastasis, in order to investigate the clinical outcome of salvage surgery on locoregional tumors only.

not include resection of distant oligometastases, such as
surgeries for metastases of the brain or adrenal gland, but
may include surgical resection after empiric conversion
to trimodality therapy from CRT with curative intent (1).
This is also referred to as “conversion surgery” (1,3,4).
Thus, most of the indications are oncologic reasons,
however in an exceptional example, lung resection for
chronic bronchopleural fistula may be included in salvage
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surgery (1). In this review, we define salvage surgery as
lung resection for the local control of a tumor, which was
not planned initially, occurring after failure or insufficient
treatment of the initial CRT. Figure I depicts possible
clinical courses after CRT and the definition of salvage
surgery used in this article.

Approximately 30% of patients with non-small cell
lung cancer (NSCLC) present with stage III disease (5).
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According to the TNM staging-8th edition, Stage III
disease is subdivided into IIIA to IIIC, consisting of
heterogeneous groups of tumors depending on the extent
of the primary tumor as well as lymph nodes metastases (5).
According to the latest version of the National
Comprehensive Cancer Network (NCCN) guidelines,
surgery is the preferred initial treatment for those with
clinical T3 and technically resectable T4NO-1 tumors (6),
both of which account for about 30% of clinical stage
IIT disease (5). Treatment for patients with clinical stage
IITA-N2 disease (e.g., T1-2N2) is controversial. Some
recommend definitive CRT for all these patients while
others consider this is appropriate only for non-bulky,
discrete, particularly single station, mediastinal node
involvement as a resectable disease (7). In these cases, either
induction chemo- or radio-therapy followed by surgery,
or definitive CRT followed by surgical intervention, is
recommended by the NCCN guidelines (6). However, some
doctors prefer surgery with adjuvant chemotherapy (8).
Although definitive CRT is recommended for category I
disease according to the NCCN guidelines (6), the clinical
outcome is not necessarily very good, in that the median
overall survival (OS) was 27 or 25 months for those who
received pemetrexed/cisplatin or etoposide/cisplatin
with concurrent radiotherapy (RT), respectively, in the
PROCLAIM study. In this trial, the percentage of patients
who first relapsed within the radiation treatment field was
37% and 46%, respectively (9).

Recently, the phase III PACIFIC trial of durvalumab,
human anti-PD-L1 antibody, compared with a placebo as
maintenance therapy following definitive CRT has shown
a 13% better 3-year OS rate (57% vs. 44% with a hazard
ratio (HR) of 0.68 in unresectable stage III disease) (10,11).
Following these reports, this regimen became the standard of
care for those patients irrespective of PD-L1 expression (6).
However, the European Medicines Agency suggested
that durvalumab should be used for the patients who have
tumors expressing PD-L1 on >1% of tumor cells, based
on the results of post hoc analyses (12). Unfortunately,
the incidence of locoregional failure has not been directly
reported. However, the difference between the distant-
metastasis free survival rate at 18 months of 64% and
the progression-free survival rate of 50% read from the
curve reported in 2018 (10) gives an approximation of the
proportion of patients who are alive with only loco-regional
recurrence, which is about 15%. Therefore, even in the
immunotherapy era, a considerable number of locoregional
recurrences still occur after non-surgical treatment only.
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Salvage surgery has been sporadically performed with the
intention of improving local control of unresectable stage
III disease and is still performed even after the introduction
of durvalumab. However, the clinical significance is
unclear, because it is almost impossible to conduct phase III
randomized controlled trials for those patients.

In this review, we evaluated clinical outcomes of salvage
surgery after definitive CRT for unresectable stage 111
NSCLC to gain insight into which patients are likely to
benefit from salvage surgery.

Selection of articles reporting salvage surgery
studies

We searched PubMed for studies published from 2000 to
2019 regarding salvage surgery after definitive CRT for
patients with NSCLC. Search terms included controlled
terms (MeSH in PubMed and Emtree in Embase) as well as
free text terms. Search terms expressing ‘non-small cell lung
cancer’ were used in combination with ‘chemoradiotherapy’
and ‘recurrence’. Only full-length English-language articles
were included in this review. Salvage surgery after stereotactic
body radiation therapy, review articles and duplicate articles
were excluded. After careful screening, nine retrospective
studies were extracted for this review (1-4,13-17). All nine
were single-center studies consisting of a small number of
patients (median, 24 patients; range 8 to 35) (Table 1).

Summary of prior treatment and perioperative
findings of salvage surgery (Table 1)

As an initial treatment, definitive CRT was performed
in 191 of 200 patients (96%). Some patients were only
treated either by radiotherapy or chemotherapy (1,3,4). The
weighted average of median radiotherapy (RT) dose was
61 Gy, which varied between studies (range, 40 to 74 Gy).
The platinum-doublet regimen was mainly used in 92%
(weighted average) of patients.

The time from definitive CRT to salvage surgery also
varied. When combining data from the nine studies, the
weighted average of median time from definitive CRT to
salvage surgery was 25 weeks with a wide range of 3 to
282 weeks. The timing of salvage surgery is determined
by various factors; conversion surgery is usually performed
earlier than true salvage surgery for recurrent disease, and
patients with rapid local recurrence may undergo surgery
earlier. Salvage surgery for persistent disease was performed
in 47% of patients and for locoregional recurrence in
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52%. A total of 16% of patients underwent conversion
surgery after definitive CRT for persistent disease that
were converted from “initially unresectable” to “potentially
resectable” (1,3,4). By contrast, the study of Dickhoff et a/.
excluded patients who underwent surgery less than 12 weeks
after the last day of RT in order to minimize the effect of
the interval between the end of RT and surgery (13).

Lobectomies (63%) and mediastinal lymph node
dissections (90%) were the most common procedures of
salvage surgery. However, it is noted that pneumonectomy
was performed in 28%, considerably higher than that in
lung resection in general, which was 1% in a Japanese
registry study (18) and 7% in the United States (19). RO
resection was achieved in 93% of patients (range, 77%
to 100%). In addition, complicated resections including
broncho- or pulmonary artery plasty are frequently
reported (4). Bronchial stump coverage was performed in a
total of 68% of patients.

Surgery after radiation is accompanied by technical
difficulty due to radiation-induced fibrosis that obliterates
the planes between vital structures such as the superior
vena cava, pulmonary artery or trachea, and surrounding
structures. Salvage surgery is even more difficult due to the
long interval between radiation and surgery. As a result,
blood loss is greater and the operation time is longer. Three
studies showed median blood loss volumes of 250 to 399 mL
(range, 0 to 4,400 mL) (1,4,14) and four studies showed
median operation times of 234 to 315 minutes (range, 114
to 1,100 minutes) (1,4,14,16). Morbidity occurred in 41%
(weighted median) of patients and bronchial stump fistula
occurred in 2% of patients.

Treatment-related mortality rates were calculated at
different time points of 30 days (4,16), 90 days (2,13,14),
and unspecified (1,3,15,17). The weighted average mortality
rate of all nine studies was 4% (range, 0 to 11%) in total:
0% in 3 Japanese studies (4,14,15), and 6% (range, 0-11%)
in six non-Japanese studies (1-3,13,16,17). Considering
the 30-day mortality rate for overall lung cancer surgery
was reported as 0.4% in Japan (18) and 3% in the United
States (19), the mortality rate of salvage surgery is
acceptable, probably because the surgery was performed for
carefully selected patients and was most likely performed by
experienced surgeons in academic medical centers.

Long-term outcomes of salvage surgery after

definitive CRT (Table 2)

The long-term outcomes after salvage surgery were not

© Translational Lung Cancer Research. All rights reserved.
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uniformly evaluated. The median recurrence-free survival
(RFS), and 3- and 5-year RES rates after salvage surgery in
each study ranged from 10 to 22 months, and 31-72% and
23-55%, respectively (3,4,14,16). The median OS, and
3- and 5-year OS rates after salvage surgery ranged from
13 to 76 months, and 32-78% and 20-78%, respectively
(1-4,13-17).

What are the outcomes of non-surgical treatment for
locoregional recurrence? The median OS of patients
who received only chemotherapy or only RT (including
proton) for locoregional recurrence after definitive CRT
was reportedly 9 months (20) or 11-15 months (21-23),
respectively, which is shorter than survival after salvage
surgery. Although there should be selection biases, salvage
surgery may at least offer a non-inferior outcome and can
be an option in these situations.

Appropriate patient selection for salvage
surgery (Table 2)

So far, we have seen varying clinical outcomes for patients
who underwent salvage surgery. Some are almost cured,
while the other may suffer from serious complications/
short survival periods. Therefore, there is a great need to
identify factors that predict favorable prognoses that can be
evaluated before surgery.

The time from RT to salvage surgery may have
prognostic implications. One study showed a positive
relationship between OS and a long interval between RT
and salvage surgery. Casiraghi e 4/. also found that this
long RT-to-surgery interval, as a continuous variable,
was predictive of longer OS with a HR of 0.90 (2). This
is interpreted to indicate that the longer interval between
RT and surgery is a surrogate marker of the less aggressive
nature of the tumor and thus longer progression-free
survival in a true salvage setting. In contrast, Sonobe et al.
did not find any significant effect of RT-to-surgery interval
on patient survival (4). However, in this study, 66% of
salvage surgery was performed in a conversion setting
where this interval should have been short. These patients
should have had a good response enough to conversion
from unresectable tumor to resectable tumor, which should
be a surrogate of longer survival as well.

Vielva et al. revealed that downstagings of T and N
factors were found in 19 (70%) and 17 (63%) patients,
respectively, using preoperative imaging studies by
computed tomography or fluorodeoxyglucose-positron
emission tomography (17). In their study, patients with
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Table 2 Summary of studies reporting salvage surgery (part 2)

Hamada et al. Salvage surgery after definitive CRT for NSCLC

RFS after salvage surgery

OS after salvage surgery

OS from definitive CRT  gjte of recurrence

Authors (year) \edian 3-year 5-year

Median 3-year 5-year

Favorable prognostic

after salvage .
factor in salvage surgery

Median 3-year 5-year

(months) rate  rate  (months) rate rate (months) rate rate surgery
Bauman 12 (PFS) 39%' 20%" 30 47% 24%" N/A N/A N/A  L:8%, D: 25%, N/A
(2008) (1) (PFS) (PFS) L+D: 13%
Yang (2015) 10 31%" 23% 33 2%" 31% N/A N/A N/A  L:13%, D: 23%, Pathological CR
©)] L+D: 6%
Dickhoff 44 (EFS) 66%' 44%' 46 68%" 46%" N/A N/A N/A D:13%, L+D: 7% N/A
(2016) (13) (EFS) (EFS)
Shimada Not 72%  55%" Not 78% 78%' N/A N/A N/A  L:17%,D: 11%, N/A
(2016) (14)  reached’ reached' L+D: 6%
Sawada N/A N/A N/A Not 75%" 75% Not 75%" 75%" L: 13% N/A
(2017) (15) reached’ reached’
Casiraghi 12" (DFS) 20%' 20%* 13 32% 20% N/A N/A N/A N/A Long interval from
(2017) (2) (DFS) (DFS) definitive CRT to
salvage surgery
(continuous variable)
Schreiner 22 44%"  44% 30 46% 46% N/A N/A N/A  L:38%,D:38% N/A
(2018) (16)
Sonobe 137 49%"  49% 48" 67T%' 51% 75" TT%' 61% D: 45% Pathological CR in
(2019) (4) conversion setting
Vielva (2019) 15 (DFS) 9%' 9% 76 58% 53% N/A N/A N/A  L:15%, D: 30% Radiological
(17) (DFS) (DFS) downstaging of T factor

T, we summarized the median survival period, 3-year survival rate, and 5-year survival rate of each study, and if there was no description
about these values in their own references, an author (AH) calculated these values from the Kaplan-Meier curve of each study; ¥, DFS data
missing for five patients; seven patients who had explorative surgery were excluded. RFS, recurrence-free survival; OS, overall survival;
PFS, progression-free survival; EFS, event-free survival; DFS, disease-free survival; CRT, chemoradiotherapy; N/A, not available; L,
locoregional recurrence; D, Distant recurrence; CR, complete response.

T-downstaging showed significantly better OS than did
those without.

In induction therapy followed by surgery, tumor
regression with 10% or less viable residual tumor cells
as determined by histologic examination was proposed
as a surrogate marker for OS in a prospective (24), as
well as a retrospective, study (25). In the present analysis,
pathological complete response (pCR) in resected specimens
was found in a median of 20% of patients (range 0 to 39%).
"Two studies showed that pCR is also a surrogate marker of
longer OS (3,4). For example, Yang et /. found that patients
with pCR showed significantly longer median OS than did
those without (60 vs. 20 months, respectively; P=0.03) (3).
This information is usually obtained after surgery, following
examination of the entire tumor, and is not useful for

© Translational Lung Cancer Research. All rights reserved.

patient selection for salvage surgery.

Conclusions

It is obvious that greater local control is necessary to
further improve the outcome of patients with marginally
resectable-unresectable stage III disease, even in the
immunotherapy era. We have shown that existing studies
suggest that salvage surgery can be considered, especially
for those with late local recurrence or those with a
metabolic response. However, it is difficult to establish the
role of salvage surgery in this setting because of the lack
of phase III studies, due to considerable heterogeneity of
patients and the high level of patient selection. Considering
this, the accumulation of empirical evidence, preferably in a
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prospective fashion, is warranted.
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