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Abstract
Approximately 10–50% of patients treated for early-stage (I–III), resectable non-small cell lung cancer (eNSCLC) will 
develop locoregional recurrence. There is a lack of prospective trials evaluating optimal post-surgery follow-up for this 
patient population, and treatment guidelines recommend salvage therapies such as surgery, local ablative therapy, and 
(chemo)radiotherapy. A literature review was conducted according to pre-defined criteria to identify observational studies 
describing treatment patterns and survival outcomes in patients with eNSCLC who experienced locoregional recurrence. 
Results showed that, in real-world clinical practice, around 80% of patients with locoregional recurrence underwent any form 
of active treatment. The most frequently administered treatments were chemotherapy (35.7%), chemoradiotherapy (31.2%), 
radiotherapy (20.3%), and surgery alone (12.8%). Chemoradiotherapy was associated with improved PFS and OS compared 
with radiotherapy, while no statistically significant survival benefits were observed for patients receiving surgery in addition 
to these treatments. The overall survival of patients following treatment for locoregional recurrence was generally poor, and 
the proportion of patients who experienced any form of post-treatment re-recurrence ranged from 35 to 72%. These findings 
highlight the need to develop more effective treatment strategies for locoregional recurrence, including preventative treat-
ments, and strategies to improve the survival outcomes of those who do develop locoregional recurrence.
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Introduction

Lung cancer is the second most common form of cancer, 
with 2.21 million new cases reported in 2020, and 1.8 mil-
lion deaths, making it the deadliest form of cancer world-
wide [1]. According to histology, lung cancer can be divided 
into two types: non-small cell, and small cell, where non-
small cell lung cancer (NSCLC) makes up around 84% of 
all lung cancer diagnoses [2].

NSCLC arises mainly in the epithelial cells and can be 
categorized as adenocarcinoma, squamous cell carcinoma, 
or large cell cancer [3]. It is staged according to the tumor 
size, nodes, metastasis (TNM) classification, where all 

cancers without metastasis are classified as stage I–III, and 
metastatic cancers are classified as stage IV [4, 5]. Gener-
ally, surgically resectable disease is defined as stage I, stage 
II, and selected stage III tumors where there are no nodes 
present, or those nodes which are present are benign accord-
ing to biopsy [6, 7]. Therefore, the preferred method of treat-
ment for NSCLC in the early stages (I–III) typically involves 
surgical resection with curative intent [8, 9], although there 
is still a considerable risk of recurrence for these patients 
[7].

Locoregional recurrence is defined as a recurrence of can-
cer following curative treatment, at the original tumor site 
(local), and/or the lymph nodes and tissue in close proximity 
to the original tumor site (regional) [6]. Rates of locore-
gional disease recurrence vary greatly between sources, with 
some studies suggesting a rate of locoregional recurrence of 
between 10 and 20% for stage I and up to 50% for stage III 
patients following surgery [10]. Despite this, there is a pau-
city of research regarding the optimal course of treatment for 
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these patients [7, 11]. Understanding the treatments received 
by patients with locoregional recurrence, and the survival 
outcomes for this patient population, is essential to improv-
ing the standard of care in this population. The purpose of 
this review was to identify treatment patterns and modalities 
in locoregional recurrence, the proportion of patients who 
receive these treatments, and outcomes related to treatment 
in real-world clinical practice.

Methods

Eligibility criteria

The eligible patient population for this review were patients 
with early-stage NSCLC who experienced locoregional 
recurrence. A literature review was conducted to determine 
the treatment patterns, progression and survival outcomes 
of these patients in the real-world setting. Searches included 
a range of relevant interventions and comparators selected 
according to current treatment practices for eNSCLC, which 
consists mainly of surgery (often with adjuvant chemother-
apy) or SABR in the case of patients considered inoperable 
[7]. A full list of patient, intervention, comparator, out-
comes, and study design (PICOS) criteria used in searches 
is provided in Table 1.

Outcomes

The majority of studies discussed herein measured progres-
sion-free survival (PFS) from the first day of radiotherapy 
or chemoradiotherapy for locoregional recurrence, to re-
recurrence, death, or date of last follow-up [12–15]; one 
study differed in that PFS was measured from the last day 

of radiotherapy for locoregional recurrence [16]. Post-recur-
rence survival (PRS) and overall survival (OS) were both 
defined as the time from treatment for locoregional recur-
rence to death or date of last follow-up [12–18].

Search strategy

Searches were conducted in March and April 2021, with 
results limited to studies published from 2006 onwards, as 
studies published before this point were deemed to have less 
clinical relevance due to the changing treatment landscape. 
Searches were further restricted to include studies conducted 
in the following countries: France, Italy, Spain, Germany, 
the UK, Netherlands, the US, Japan, and South Korea. This 
review was conducted as part of a broader body of work and 
these countries were considered relevant to the geographic 
scope. Initial searches were conducted in Evid AI, using an 
iterative search strategy. Evid AI is a literature assessment 
tool, utilizing artificial intelligence (AI) to aid in conducting 
scientific literature searches [19, 20]. The platform contains 
over 100 million data points extracted from primary scien-
tific studies and reviews. Sourcing abstracts from PubMed 
and various conferences, Evid AI uses a patented “machine 
reading” technology which supports users in finding rel-
evant data. The AI assesses up to 25 million articles per 
hour, structuring the data to improve the relevance of search 
results. Broader supplementary searches were conducted in 
PubMed to identify additional publications relating to treat-
ment patterns, as literature in this area was limited due to 
the niche nature of the patient population. Database searches 
were accompanied by searches of conference proceedings 
from the three most recent meetings of ISPOR, ESMO, 
ASCO, and WCLC. References cited in included studies 
were also checked for relevant data.

Table 1  PICO elements used to 
determine studies eligible for 
inclusion within results of this 
review

QoL quality of life

Element Focus

Population Adult patients with early/resectable NSCLC (stage I–III) in the locoregional recurrence 
health state

Interventions/
comparators

● Atezolizumab
● Pemetrexed
● Nab-paclitaxel
● Gemcitabine
● Vinorelbine
● Nivolumab
● Durvalumab
● Cemiplimab
● Avelumab
● Tegafur ± uracil (UFT)
● Osimertinib

● Pembrolizumab
● Erlotinib
● Cisplatin-based chemotherapy
● Carboplatin-based chemotherapy
● Gefitinib
● Afatinib
● Docetaxel
● Radiotherapy
● Best supportive care
● Etoposide
● Surgery

Outcomes ● Treatment patterns in locoregional recurrence (including palliative and supportive 
care)

● Survival outcomes for locoregional recurrence
Study design Prospective and retrospective observational studies
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Study selection and data extraction

Abstracts were assessed for inclusion by a single reviewer, 
and the full texts of records identified as relevant were 
retrieved for further review by a single reviewer, according 
to the pre-specified PICOS criteria. This work was not a 
formal systematic literature review, therefore no PRISMA 
diagram was constructed, and no record of excluded studies 
and the reasons for exclusion was kept; only included stud-
ies were recorded. To assess the survival of patients with 
locoregional recurrence, the outcomes of interest were pro-
gression-free survival and the proportion of patients whose 
disease progressed or who died as their first event. These 
data were collected and assessed according to treatment 
modality. Prioritization criteria were applied to identify the 
most relevant studies for inclusion (Supplementary Table 1).

Relevant information from included studies was extracted 
in Microsoft Excel by one reviewer and included details of 
the study design, baseline characteristics, and the outcomes 
of interest.

Results

Searches yielded 1859 publications in total. After screening, 
15 publications of real-world evidence studies were priori-
tised for inclusion describing the treatment options and sur-
vival outcomes of early-stage NSCLC patients with locore-
gional recurrence, all of which were retrospective analyses.

Locoregional recurrence was generally defined as any site 
of recurrence at the ipsilateral lung and/or regional lymph 
nodes [21]. Other studies provided more detailed descrip-
tions of the recurrence site, defining the local site as the 
bronchial stump and adjacent areas, and the regional lymph 
node as the ipsilateral hilar lymph nodes, mediastinal lymph 
nodes, and supraclavicular lymph nodes [12, 17]. One study 
additionally specified that locoregional recurrence should 
be amenable to local therapy [22]. Patients with local recur-
rence only were included in one study. However, the defini-
tion of recurrence was similar to the above, described as 
recurrence in the ipsilateral hilar lymph nodes, ipsilateral 
or contralateral mediastinal lymph nodes, or in the surgical 
resection margin [14]. Locoregional recurrence was clini-
cally or pathologically confirmed in all included studies.

Treatment modalities in locoregional recurrence

At a 5-year follow-up of 9001 patients with stage I–III 
NSCLC who had undergone surgery with curative intent, 
identified from the US National Cancer database, 1110 
patients (12.3%) had developed locoregional recurrence 
[21]. Of the patients who received active treatment for 
locoregional recurrence, the most frequently administered 

treatment was chemotherapy (35.7%), followed by chemora-
diotherapy (31.2%), radiotherapy (20.3%), and surgery alone 
(12.8%) [21]. These data are largely in accordance with data 
from smaller retrospective single-institution studies con-
ducted in the US, South Korea, and Japan which showed 
that chemotherapy and chemoradiotherapy were the most 
commonly administered treatments [17, 21–25].

The type of chemotherapy regimen administered to 
patients with locoregional recurrence is summarized in 
Table 2. Platinum-based doublet therapy was reported to be 
the most commonly used chemotherapy regimen [13–15, 22]

The type of radiation therapy administered to patients was 
generally conventional radiotherapy, stereotactic ablative 
radiotherapy (SABR), brachytherapy [23], or three-dimen-
sional conformal radiotherapy [15]. One study reported that 
patients with locoregional recurrence received a median bio-
logically equivalent dose (BED) of 79.2  Gy10 [15]. These 
therapies were often administered with concurrent chemo-
therapy [14–16].

Other, less frequently reported active treatments were 
thermal ablation, received by 12% of patients at a cancer 
treatment center in the US [23], and radiofrequency ablation, 
received by 3% of patients at a hospital in South Korea [24]. 
An analysis of treatment records at another US cancer center 
[22] reported that 13.8% and 23.1% of patients received 
tyrosine kinase inhibitors and immunotherapy, respectively, 
alongside the main treatment.

Supportive care is a treatment option for patients who 
are unable or choose not to receive any active treatment. 
In a study of 128 locoregional recurrence patient records 
from the Japanese Foundation for Cancer Research, 18% of 
patients were reported to receive best supportive care [25]. 

Table 2  Chemotherapy regimens administered to patients with 
locoregional recurrence

Study reference Chemotherapy regimens reported

Brooks et al. [23] Platinum/paclitaxel
Platinum/pemetrexed
Platinum/etoposide
Platinum/gemcitabine
Pemetrexed alone
Paclitaxel alone
IL-10
Pembrolizumab
Erlotinib

Friedes et al. [22] Platinum-based sensitising
Platinum-based double/ single agent

Terada et al. [14] Cisplatin/S-1
Cisplatin/vinorelbine
Carboplatin/paclitaxel

Lee et al. [15] Cisplatin/paclitaxel
Cisplatin/docetaxel
Cisplatin/etoposide
Carboplatin/paclitaxel
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This value approximately agrees with that of a larger ret-
rospective study of US patient records, in which 20.5% of 
1110 patients received supportive care [21]. Patients were 
less likely to receive active treatment if they were older 
(p < 0.001), female (p = 0.01), or had either substance abuse 
(p = 0.01), symptomatic recurrence (p = 0.045), or ipsilateral 
lung recurrence (p = 0.01) [21].

Survival of locoregional recurrence patients

Progression‑free survival

Real-world progression-free survival (PFS) outcomes for 
patients with locoregional recurrence are summarized in 
Table 3. Data were taken from retrospective reviews of med-
ical records from single institutions in Japan [12–14], South 
Korea [15, 16] and Italy [26]. Patients developed locore-
gional recurrence after surgery with curative intent, with 
median time to recurrence from primary surgical treatment 
ranging from 13.6 months [16] to 24 months [26].

Chemoradiotherapy was associated with improved PFS 
rates compared with radiotherapy in patients who developed 
locoregional recurrence after curative intent surgery [16, 
27]. The 2-year progression-free survival rate and median 
PFS were 44% and 19 months, respectively, in the chemo-
radiotherapy arm, and 25% and 10.6 months, respectively, 
in the radiotherapy arm, according to Nakamichi et al. [12]. 
In a second study, the 2-year PFS rate was 38.2% in the 
chemoradiotherapy arm and 20% in the radiotherapy arm 
[16] (Table 3).

For patients who underwent radiotherapy for locoregional 
recurrence, PFS outcomes were more favorable for younger 
patients, patients with one recurrent foci, and patients receiv-
ing a higher dose of radiotherapy [15, 16]. On univariate 
analysis, the 2-year PFS rate was statistically significantly 
improved for patients aged under 70 years compared with 
patients aged ≥ 70 years (41.1% vs. 20.0%, p = 0.019) and for 
patients with one recurrent foci compared to those with two 
or three recurrent foci (45.2% vs. 9.0%, p = 0.01) [16]. A sec-
ond study found that a higher  BED10 (≥ 79.2  Gy10 vs. < 79.2 
 Gy10) was favorable for improved 2-year PFS (40.8% vs. 
10.4%, p = 0.043) on univariate analysis [15]. No statistically 
significant differences in the 2-year PFS rate were observed 
for any other patient characteristics.

After treatment for locoregional recurrence, the propor-
tion of patients who experienced any form of re-recurrence 
ranged from 35 [18] to 72% [14] (Table 4). Data were taken 
from retrospective reviews of medical records from single 
institutions in the US [18], South Korea [24] and Japan 
[13, 14]; selected patients all had stage I-III disease, with 
the exception of one study [24] which focused on stage I 
patients.

Overall survival

Median post-recurrence survival was lower for patients 
who received supportive care compared with those 
who received active treatment (4.0 vs. 19.9  months, 
respectively; p < 0.001) [21]. These results were from 
a US-based study of 1,022 patients with locoregional 

Table 3  Real-world progression-free survival outcomes by treatment

In most studies, PFS was defined as the time from treatment for locoregional recurrence to re-recurrence or death. Exceptions were Hisakane 
et al. [13] and Agolli et al. [26], which defined PFS/disease-free survival as the time from treatment to progression or death but did not expressly 
define progression. There was some variation between studies regarding whether PFS was calculated from the initiation or completion of treat-
ment
n number, SBRT stereotactic body radiation therapy

Study reference Median follow-
up, months

Treatment arm (n) Median, months 2-year, % 5-year, %

Progression-free survival
 Nakamichi et al. [12] Not reported Radiotherapy (56) 10.6 25 –

Chemoradiotherapy (18) 19 44 –
 Kim et al. [16] 53.6 Radiotherapy (15) – 20 –

Chemoradiotherapy (42) – 38.2 –
Radiotherapy, with or without chemotherapy (57) 12.2 33.6 –

 Hisakane et al. [13] 30.7 Chemoradiotherapy (40) 20.3 – –
 Lee et al. [15] 25 Chemoradiotherapy (127) – 34.6 22.3
 Agolli et al. [26] 18 Radiotherapy, with or without chemotherapy (28) 20 36.6 –
 Terada et al. [14] 48 Radiotherapy, with or without chemotherapy (46) 11 – 22.8

Metastasis-free survival
 Agolli et al. [26] 18 SBRT, with or without chemotherapy (28) NR 60 –
 Kim et al. [16] 53.6 Radiotherapy, with or without chemotherapy (57) – 47.4 33.5
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recurrence following complete resection, in which 79.5% 
of patients received active treatment and the remainder 
received supportive care [21]. Post-recurrence survival 
at five years was relatively poor for all patients (4.8% for 
supportive care only vs. 11.4% for active treatment) [21]. 
Data from two retrospective reviews of medical records 
from single institutions based in South Korea [17, 24], 
showed that for patients receiving any active treatment, 
1-year survival rates were 76% and 88%, which dropped 
to 48% and 55% for 3-year survival.

Chemoradiotherapy was associated with improved 
overall survival rates compared with radiotherapy in 
patients who developed locoregional recurrence after 
curative intent surgery [16, 27]. The 2-year overall sur-
vival rate and median OS were 82% and 79.6 months, 
respectively, in the chemoradiotherapy arm, and 55% 
and 33.1 months, respectively, in the radiotherapy arm 
in one study [27]. In a second study, at a median follow-
up of 53.6 months, the 2-year overall survival rate and 
median OS were 73.1% and 86 months, respectively, in 
the chemoradiotherapy arm, and 33.1% and 20 months, 
respectively, in the radiotherapy arm [16].

A study of overall survival in South Korean patients 
who received radiotherapy suggested that a disease-free 
interval > 1 year was prognostic for improved OS com-
pared with a disease-free interval ≤ 1 year (2-year OS, 
81.3% vs. 62.4%, respectively; p = 0.009) [24]. However, 
this association was not found in two other studies [13, 
16]

Evidence from another retrospective study of patients 
in South Korea study suggests that, at three years, there 
is no statistically significant difference in post-recurrence 
survival between those who did and did not receive sur-
gery in addition to other therapies for locoregional recur-
rence (3-year survival, 61% vs. 57%, surgery vs. no sur-
gery, respectively) [24]. At the time of data cut-off, 46% 
of patients who received surgery had died, as opposed 
to 39% of patients who did not receive surgery [24]. A 
full list of survival outcomes by treatment is provided in 
Table 5.

Discussion

There is a lack of randomized controlled trials in patients 
with locoregional recurrence, most likely due to the rela-
tively small number of patients who develop only local or 
regional recurrence [12]. Therefore, the aim of this review 
was to collate real-world evidence to identify treatment 
modalities, and subsequent survival outcomes related to 
these treatments for patients with NSCLC who experience 
locoregional recurrence.

The largest study identified in this review, compris-
ing 9001 patients from the US National Cancer Database, 
reported that 12.3% of patients who underwent surgical 
resection for early-stage NSCLC developed locoregional 
recurrence [21]. This value is largely in agreement with that 
reported in other studies [10]. Not all patients who experi-
ence locoregional recurrence are suitable for salvage treat-
ment [7]. Real-world data suggested that for patients with 
locoregional recurrence after initial treatment for early-stage 
NSCLC, approximately 80% go on to receive any active 
therapy [21, 25]. Patients of older age, female, or who had 
substance abuse, symptomatic recurrence, or ipsilateral 
recurrence were less likely to receive active treatment [21].

For patients who received active therapy, chemotherapy 
and radiotherapy were the most commonly administered 
treatments [21]. The proportion of patients who received 
radiotherapy was comparable to the proportion who were 
treated with supportive care (20.3 vs. 20.5%, respectively) 
[21]. Other studies reporting the proportion of patients 
receiving specific treatment modalities were smaller in size 
but were largely supportive of these data.

Patients receiving active treatment for locoregional recur-
rence reported improved survival outcomes compared with 
patients who received supportive care although 5-year sur-
vival rates were generally poor for both treatment arms [21]. 
Treatment with chemoradiotherapy was associated with 
improved PFS and OS compared with radiotherapy [12, 
16]. Across all included studies, 2-year survival rates for 
patients treated with chemoradiotherapy ranged from 72.9 
[15] to 82% [12]. No differences in survival outcomes were 

Table 4  Progression events 
following treatment for 
locoregional recurrence

Study reference Median 
follow-up, 
months

Treatment arm (n) Reported outcome Results
No. of patients (%)

Song et al. [24] 37.5 All (36) Re-recurrence 21 (58)
Terada et al. [14] 48 Radiotherapy, with or 

without chemotherapy 
(46)

Recurrence 33 (72)
Distant recurrence 32 (NA)

Hisakane et al. [13] 30.7 Chemoradiotherapy (40) Disease relapse 24 (60)
Wu et al. [18] 23 Radiotherapy, with or 

without chemotherapy 
(152)

Locoregional failure 64 (42)
Distant metastasis 53 (35)
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reported when patients received surgery in combination with 
chemotherapy or radiotherapy compared with patients who 
received chemotherapy or radiotherapy alone [24].

The included studies investigated patients with locore-
gional recurrence following surgical resection, with the 
exception of Brooks et al. [23]. Prior to locoregional recur-
rence, patients in this study were treated with stereotactic 
ablative radiotherapy (SABR), as they were not suitable can-
didates for surgery. Patients who are ineligible for surgery 
are likely to have poorer survival outcomes; outcomes from 
this study should therefore be compared to other studies with 
caution.

The survival data identified in this review are limited by 
a number of factors. All included studies were retrospec-
tive in nature and, with the exception of the study by Wong 
et al. [21] populations of the studies were generally small; 
although the smallest study had a population of 28 patients 
[26], when patients were grouped by treatment, the smallest 
sub-population consisted of only 13 patients [24]. Many of 
the studies were conducted in Japan and South Korea, and 
while survival data were largely consistent between studies, 
these results may not be representative of patients in other 

geographic regions. Studies reporting survival data covered 
a limited number of therapies; of the studies presented in this 
review that investigated radiotherapy as a treatment option, 
only two reported separate outcomes for patients who did 
and did not receive concurrent chemotherapy [12, 16]. Only 
one study reported survival outcomes following surgery for 
locoregional recurrence [24]. Other studies did not stratify 
outcomes by treatment, but rather gave the overall post-
recurrence survival of patients who received any type of 
treatment for locoregional recurrence. Many studies only 
had a single treatment arm.

Limited data were found on the types and dosage of 
radiation therapy, and the chemotherapy regimens adminis-
tered to patients with locoregional recurrence. It is not clear 
whether any of the patients who underwent active treatment 
also received palliative treatment, or what types of pallia-
tive treatment were available to them. Supportive care was 
the only type of palliative treatment for which data were 
obtained.

Overall, real-world survival data shows that the prognosis 
of patients with locoregional recurrence is generally poor, 
highlighting the need for more research into preventative 

Table 5  Real-world overall survival and deaths following treatment for locoregional recurrence

a Reported as post-recurrence survival

Study reference Median 
follow-up, 
months

Treatment arm (n) Patient survival rate

Median, months 1-year, % 2-year, % 3-year, % 5-year, % Deaths, n (%)

Hisakane et al. [13] 30.7 Chemoradiotherapy (cispl-
atin and vinorelbine) (40)

65 – 78.9 – – 18 (45)

Lee et al. [15] 25 Chemoradiotherapy (127) 49 – 72.9 – 43.9 –
Nakamichi et al. [12] Not reported Radiotherapy (56) 33.1 – 55 – 35 NA

Chemoradiotherapy (18) 79.6 – 82 – 53 NA
Kim et al. [16] 53.6 Radiotherapy (15) 20 – 33.3 – – –

Chemoradiotherapy (42) 86 – 73.1 – – –
Radiotherapy, with or with-

out chemotherapy (57)
54.8 – 62.4 – 48.5 –

Wu et al. [18] 23 Radiotherapy, with or with-
out chemotherapy (152)

23 – 49 – 28 –

Agolli et al. [26] 18 Radiotherapy, with or with-
out chemotherapy (28)

31 – 57.5 – – 9 (32)

Bae et al. [10] 32 Radiotherapy, with or with-
out chemotherapy (64)

18.5 – 47.9 29.5 – –

Terada et al. [14] 48 Radiotherapy, with or with-
out chemotherapy (46)

50 – – – 47.9 –

Wong et al. [21] 60 All active treatment (812) 19.9a – – – 11.4a –
Supportive care (210) 4a – – – 4.8a –

Song et al. [24] 37.5 All active treatment (36) – 88 – 55 – –
Surgery, with other treat-

ments (13)
– – – 61a – 6 (46)

No surgery, with other 
treatments (23)

– – – 57a – 9 (39)

Cho et al. [17] All treatments (38) – 76a – 48a – –
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treatments to limit the number of patients who develop 
locoregional recurrence, as well as more efficacious treat-
ment strategies to improve outcomes of those who do 
develop locoregional recurrence.

Conclusion

Treatment guidelines for patients with early-stage NSCLC 
and locoregional recurrence recommend salvage therapy for 
this patient population [7]. Real-world evidence suggests 
that the majority of patients who receive any active treatment 
for locoregional recurrence are treated with chemotherapy or 
chemoradiotherapy [21], and survival outcomes tend to be 
more favorable for patients who undergo chemoradiotherapy 
[12, 16]. No statistically significant survival benefits were 
observed for patients receiving surgery in addition to these 
treatments, although evidence regarding surgery was lim-
ited [24]. Best supportive care was administered to approxi-
mately 20% of patients with locoregional recurrence [21, 
25]. However, it was not clear whether these patients were 
ineligible for active treatment or if they chose not to receive 
treatment. Further studies are warranted to assess optimal 
treatment strategies for patients with eNSCLC, including 
adjuvant treatments for the prevention of locoregional recur-
rence, and strategies to improve survival of patients who go 
on to develop locoregional recurrence.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s12032- 022- 01790-0.

Acknowledgements The authors would like to thank Ed Kim (previ-
ously employed by Genesis Research, New Jersey, US) and Katherine 
McAllister (current employee of Genesis Research, Newcastle upon 
Tyne, UK) for their research contributions to this review.  

Author contributions NJ, SA, DDM, and SC contributed to research 
design, synthesis and interpretation of findings, and critically reviewed 
draft manuscripts. KB and AB contributed to acquisition, analysis, and 
interpretation of review data and contributed to drafting and critical 
revision of the manuscript. RB contributed to synthesis and interpreta-
tion of findings and critically reviewed draft manuscripts. All authors 
have read and approved the final manuscript.

Funding This review was conducted by Genesis Research with funding 
provided by F. Hoffmann-La Roche Ltd.

Declarations 

Conflict of interest N Jovanoski, S Abogunrin, R Belleli, and D Di 
Maio are employees of F. Hoffmann-La Roche Ltd. K Bowes, A 
Brown, and S Chadda disclose that they are employees of Genesis Re-
search, a company that received funding from F. Hoffmann-La Roche 
Ltd for its role in conducting the study and developing the manuscript.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 

as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, 
Jemal A, Bray F. Global cancer statistics 2020: GLOBOCAN esti-
mates of incidence and mortality worldwide for 36 cancers in 185 
countries. CA Cancer J Clin. 2021. https:// doi. org/ 10. 3322/ caac. 
21660.

 2. ACS: Key statistics for lung cancer (2022). https:// www. cancer. 
org/ cancer/ lung- cancer/ about/ key- stati stics. html. Accessed Febru-
ary 2022

 3. Duma N, Santana-Davila R, Molina JR. Non-small cell lung can-
cer: epidemiology, screening, diagnosis, and treatment. Mayo Clin 
Proc. 2019;94:1623–40. https:// doi. org/ 10. 1016/j. mayocp. 2019. 
01. 013.

 4. NCCN: Lung cancer—early and locally advanced: non-small cell 
lung cancer (2019). https:// www. nccn. org/ patie nts/ guide lines/ 
conte nt/ PDF/ lung- early- stage- patie nt. pdf. Accessed February 
2022

 5. Goldstraw P, Chansky K, Crowley J, Rami-Porta R, Asamura H, 
Eberhardt WE, Nicholson AG, Groome P, Mitchell A, Bolejack 
V. The IASLC lung cancer staging project: proposals for revi-
sion of the TNM stage groupings in the forthcoming (eighth) edi-
tion of the TNM classification for lung cancer. J Thorac Oncol. 
2016;11:39–51. https:// doi. org/ 10. 1016/j. jtho. 2015. 09. 009.

 6. NCI: Recurrent cancer: when cancer comes back (2020). Accessed 
February 2022

 7. Postmus PE, Kerr KM, Oudkerk M, Senan S, Waller DA, Van-
steenkiste J, Escriu C, Peters S. Early and locally advanced 
non-small-cell lung cancer (NSCLC): ESMO clinical practice 
guidelines for diagnosis, treatment and follow-up. Ann Oncol. 
2017;28:iv1–21. https:// doi. org/ 10. 1093/ annonc/ mdx222.

 8. Molina JR, Yang P, Cassivi SD, Schild SE, Adjei AA. Non-small 
cell lung cancer: epidemiology, risk factors, treatment, and sur-
vivorship. Mayo Clin Proc. 2008;83:584–94. https:// doi. org/ 10. 
4065/ 83.5. 584.

 9. NCCN: NCCN clinical practice guidelines in oncology (NCCN 
guidelines)—non-small cell lung cancer (2020). National Com-
prehensive Cancer Network

 10. Bae SH, Ahn YC, Nam H, Park HC, Pyo HR, Shim YM, Kim J, 
Kim K, Ahn JS, Ahn MJ, Park K. High dose involved field radia-
tion therapy as salvage for loco-regional recurrence of non-small 
cell lung cancer. Yonsei Med J. 2012;53:1120–7. https:// doi. org/ 
10. 3349/ ymj. 2012. 53.6. 1120.

 11. NCCN: NCCN guidelines: non-small cell lung cancer (2022)
 12. Nakamichi S, Horinouchi H, Asao T, Goto Y, Kanda S, Fujiwara 

Y, Nokihara H, Yamamoto N, Ito Y, Watanabe SI, Ohe Y. Com-
parison of radiotherapy and chemoradiotherapy for locoregional 
recurrence of non-small-cell lung cancer developing after surgery. 
Clin Lung Cancer. 2017;18:e441–8. https:// doi. org/ 10. 1016/j. cllc. 
2017. 05. 005.

 13. Hisakane K, Yoh K, Nakamura N, Udagawa H, Kirita K, Ume-
mura S, Matsumoto S, Niho S, Akimoto T, Tsuboi M, Goto K. 
Salvage chemoradiotherapy with cisplatin and vinorelbine for 
postoperative locoregional recurrence of non-small cell lung 

https://doi.org/10.1007/s12032-022-01790-0
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3322/caac.21660
https://doi.org/10.3322/caac.21660
https://www.cancer.org/cancer/lung-cancer/about/key-statistics.html
https://www.cancer.org/cancer/lung-cancer/about/key-statistics.html
https://doi.org/10.1016/j.mayocp.2019.01.013
https://doi.org/10.1016/j.mayocp.2019.01.013
https://www.nccn.org/patients/guidelines/content/PDF/lung-early-stage-patient.pdf
https://www.nccn.org/patients/guidelines/content/PDF/lung-early-stage-patient.pdf
https://doi.org/10.1016/j.jtho.2015.09.009
https://doi.org/10.1093/annonc/mdx222
https://doi.org/10.4065/83.5.584
https://doi.org/10.4065/83.5.584
https://doi.org/10.3349/ymj.2012.53.6.1120
https://doi.org/10.3349/ymj.2012.53.6.1120
https://doi.org/10.1016/j.cllc.2017.05.005
https://doi.org/10.1016/j.cllc.2017.05.005


 Medical Oncology            (2023) 40:4 

1 3

    4  Page 8 of 8

cancer. Medicine (Baltimore). 2017;96:e8635. https:// doi. org/ 
10. 1097/ MD. 00000 00000 008635.

 14. Terada Y, Isaka M, Harada H, Konno H, Kojima H, Mizuno T, 
Murayama S, Takahashi T, Ohde Y. Radiotherapy for local recur-
rence of non-small-cell lung cancer after lobectomy and lymph 
node dissection-can local recurrence be radically cured by radia-
tion? Jpn J Clin Oncol. 2020;50:425–33. https:// doi. org/ 10. 1093/ 
jjco/ hyz188.

 15. Lee KH, Ahn YC, Pyo H, Noh JM, Park SG, Kim TG, Lee E, Nam 
H, Lee H, Sun JM, Ahn JS, Ahn MJ, Park K. Salvage concurrent 
chemo-radiation therapy for loco-regional recurrence following 
curative surgery of non-small cell lung cancer. Cancer Res Treat. 
2019;51:769–76. https:// doi. org/ 10. 4143/ crt. 2018. 366.

 16. Kim E, Song C, Kim MY, Kim JS. Long-term outcomes after sal-
vage radiotherapy for postoperative locoregionally recurrent non-
small-cell lung cancer. Radiat Oncol J. 2017;35:55–64. https:// doi. 
org/ 10. 3857/ roj. 2016. 01928.

 17. Cho S, Yum S, Kim K, Jheon S. Prognostic factors for post-
recurrence survival in patients with completely resected stage 
III (N2) non-small-cell lung cancer. Eur J Cardiothorac Surg. 
2018;54:554–9. https:// doi. org/ 10. 1093/ ejcts/ ezy063.

 18. Wu AJ, Garay E, Foster A, Hsu M, Zhang Z, Chaft JE, Huang 
J, Rosenzweig KE, Rimner A. Definitive radiotherapy for 
local recurrence of NSCLC after surgery. Clin Lung Cancer. 
2017;18:e161–8. https:// doi. org/ 10. 1016/j. cllc. 2017. 01. 014.

 19. Michelson M, Dogra R, Goldberg N. Artificial intelligence derived 
literature searches can provide more relevant data, more quickly 
than traditional reference databases: a case study. Curr Med Res 
Opin. 2021;37:7. https:// doi. org/ 10. 1080/ 03007 995. 2021. 18994 
92.

 20. Lionikaite V, Curry A, Brown A. posc300 validation of artificial 
intelligence for performing systematic literature review searching 
for clinical efficacy and safety data. Value Health. 2022;25:S207. 
https:// doi. org/ 10. 1016/j. jval. 2021. 11. 1007.

 21. Wong ML, McMurry TL, Stukenborg GJ, Francescatti AB, 
Amato-Martz C, Schumacher JR, Chang GJ, Greenberg CC, 
Winchester DP, McKellar DP, Walter LC, Kozower BD. Impact 
of age and comorbidity on treatment of non-small cell lung cancer 
recurrence following complete resection: a nationally representa-
tive cohort study. Lung Cancer. 2016;102:108–17. https:// doi. org/ 
10. 1016/j. lungc an. 2016. 11. 002.

 22. Friedes C, Mai N, Fu W, Hu C, Han P, Marrone KA, Voong 
KR, Hales RK. Propensity score adjusted analysis of patients 
with isolated locoregional recurrence versus de novo locally 
advanced NSCLC treated with definitive therapy. Lung Cancer. 
2020;145:119–25. https:// doi. org/ 10. 1016/j. lungc an. 2020. 04. 035.

 23. Brooks ED, Sun B, Feng L, Verma V, Zhao L, Gomez DR, Liao Z, 
Jeter M, O’Reilly M, Welsh JW, Nguyen QN, Erasmus JJ, Eapen 
G, Ahrar K, Antonoff MB, Hahn SM, Heymach JV, Rice DC, 
Chang JY. Association of long-term outcomes and survival with 
multidisciplinary salvage treatment for local and regional recur-
rence after stereotactic ablative radiotherapy for early-stage lung 
cancer. JAMA Netw Open. 2018;1:e181390. https:// doi. org/ 10. 
1001/ jaman etwor kopen. 2018. 1390.

 24. Song IH, Yeom SW, Heo S, Choi WS, Yang HC, Jheon S, Kim K, 
Cho S. Prognostic factors for post-recurrence survival in patients 
with completely resected stage I non-small-cell lung cancer. Eur J 
Cardiothorac Surg. 2014;45:262–7. https:// doi. org/ 10. 1093/ ejcts/ 
ezt333.

 25. Sonoda D, Matsuura Y, Kondo Y, Ichinose J, Nakao M, Ninomiya 
H, Ishikawa Y, Nishio M, Okumura S, Satoh Y, Mun M. Charac-
teristics of surgically resected non-small cell lung cancer patients 
with post-recurrence cure. Thorac Cancer. 2020;11:3280–8. 
https:// doi. org/ 10. 1111/ 1759- 7714. 13669.

 26. Agolli L, Valeriani M, Carnevale A, Falco T, Bracci S, De Sanctis 
V, Minniti G, Enrici RM, Osti MF. Role of salvage stereotactic 
body radiation therapy in post-surgical loco-regional recurrence 
in a selected population of non-small cell lung cancer patients. 
Anticancer Res. 2015;35:1783–9.

 27. Nakagawa K, Yoshida Y, Yotsukura M, Watanabe SI. Pattern of 
recurrence of pN2 non-small-cell lung cancer: should postop-
erative radiotherapy be reconsidered? Eur J Cardiothorac Surg. 
2021;59:109–15. https:// doi. org/ 10. 1093/ ejcts/ ezaa2 67.

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1097/MD.0000000000008635
https://doi.org/10.1097/MD.0000000000008635
https://doi.org/10.1093/jjco/hyz188
https://doi.org/10.1093/jjco/hyz188
https://doi.org/10.4143/crt.2018.366
https://doi.org/10.3857/roj.2016.01928
https://doi.org/10.3857/roj.2016.01928
https://doi.org/10.1093/ejcts/ezy063
https://doi.org/10.1016/j.cllc.2017.01.014
https://doi.org/10.1080/03007995.2021.1899492
https://doi.org/10.1080/03007995.2021.1899492
https://doi.org/10.1016/j.jval.2021.11.1007
https://doi.org/10.1016/j.lungcan.2016.11.002
https://doi.org/10.1016/j.lungcan.2016.11.002
https://doi.org/10.1016/j.lungcan.2020.04.035
https://doi.org/10.1001/jamanetworkopen.2018.1390
https://doi.org/10.1001/jamanetworkopen.2018.1390
https://doi.org/10.1093/ejcts/ezt333
https://doi.org/10.1093/ejcts/ezt333
https://doi.org/10.1111/1759-7714.13669
https://doi.org/10.1093/ejcts/ezaa267

	Treatment patterns and survival of patients with locoregional recurrence in early-stage NSCLC: a literature review of real-world evidence
	Abstract
	Introduction
	Methods
	Eligibility criteria
	Outcomes
	Search strategy
	Study selection and data extraction

	Results
	Treatment modalities in locoregional recurrence
	Survival of locoregional recurrence patients
	Progression-free survival
	Overall survival


	Discussion
	Conclusion
	Acknowledgements 
	References




