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A B S T R A C T

Objectives: There is limited consensus on resectability criteria for Stage IIIA-N2 non-small cell lung cancer
(NSCLC). We examined the patient characteristics, N2 status, treatment decisions, and clinical outcomes ac-
cording to the treatment modality for Stage IIIA-N2 NSCLC in Japan.
Materials and methods: Patients with Stage IIIA-N2 NSCLC in Japan were consecutively registered in the SOLU-
TION study between 2013 and 2014. Patients were divided according to treatment (chemoradiotherapy [CRT],
surgery + perioperative therapy [neoadjuvant and/or adjuvant therapy], surgery alone). Demographic charac-
teristics, N2 status (number and morphological features), pathological information, and treatments were
analyzed descriptively. Overall survival (OS), progression-free survival (PFS), and disease-free survival (DFS)
were estimated using the Kaplan–Meier method.
Results: Of 227 patients registered, 133 underwent CRT, 56 underwent surgery + perioperative therapy, and 38
underwent surgery alone. The physicians reported the following reasons for unresectability for 116 of 133 CRT
patients: large number of metastatic lymph nodes (70.7 %), extranodal infiltration (25.0 %), poor surgical
tolerance (19.0 %), or other reasons (18.1 %). CRT was more frequently performed in patients whose lymph
nodes had an infiltrative appearance (64.3 %) and was the predominant treatment in patients with multiple
involved stations (discrete: 60.0 %; infiltrative: 80.4 %). Distant metastasis with/without local progression was
found in 50.4 %, 50.0 %, and 36.8 % of patients in the CRT, surgery + perioperative therapy, and surgery alone
groups, respectively. The respective 3-year OS and DFS/PFS rates (median values) were as follows: surgery +

Abbreviations: CI, confidence interval; CRT, chemoradiotherapy; CT, chemotherapy; DFS, disease-free survival; NSCLC, non-small cell lung cancer; OS, overall
survival; PFS, progression-free survival; PS, performance status; RT, radiotherapy.
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perioperative therapy—61.9 % (not reached) and 37.1 % (22.4 months; DFS); CRT group—42.2 % (31.9 months)
and 26.8 % (12.0 months; PFS); surgery alone group—37.7 % (26.5 months) and 28.7 % (12.6 months; DFS).
Conclusion: This study has illuminated the real-world decision rules for choosing between surgical and non-
surgical approaches in patients with Stage IIIA-N2 NSCLC. Our landmark data could support treatment deci-
sion making for using immune checkpoint inhibitors and targeted therapy for driver oncogenes in the periop-
erative therapy era.

1. Introduction

Stage IIIA-N2 non-small cell lung cancer (NSCLC) is a highly heter-
ogenous cancer with broad patient and disease characteristics in terms
of the number and status of lymph node metastases [1,2]. For many
years, radical surgery was the mainstay treatment approach if deemed
feasible. In the last decade, it has become clear that patients with Stage
IIIA-N2 NSCLC should be considered for multimodal therapies,
including chemotherapy (CT), radiotherapy (RT), or chemoradiotherapy
(CRT), which may be performed alone or in combination with surgery
[3–14]. The treatment selection process should take into account the
presence/extent of mediastinal lymph node metastasis, for which sur-
gical and non-surgical treatments may be considered.

Although the decision-making process for determining treatment of
Stage IIIA-N2 NSCLC is influenced by the results of phase 3 trials, there is
some controversial evidence regarding the superiority of surgery after
induction therapy versus curative CRT [15–17]. Consequently, the
criteria for selecting either surgery or CRT as curative treatment remain
unclear, resulting in considerable variation in the selected treatments for
Stage IIIA-N2 NSCLC [18] and a complicated decision-making process.

This clinical situation is at least partly due to the significant het-
erogeneity of patients with Stage IIIA-N2 NSCLC, which includes pN2
preoperatively, cN2 with imaging diagnosis, occult N2 diagnosed pre-
operatively as cN0/1 but histologically diagnosed as pN2 post-
operatively, bulky N2, single cN2, and multiple cN2. The inconsistent
criteria for determining resectability may also contribute to the differing
results among the earlier phase 3 trials and cohort studies.

In recent years, immune checkpoint inhibitors have advanced the
treatment of Stage III NSCLC. CRT followed by durvalumab improved
overall survival (OS) and other outcomes in patients with unresectable
Stage III NSCLC in phase 3 trials [19,20]. After the approval of
durvalumab in the United States, Japan, and other countries, CRT fol-
lowed by durvalumab has become a standard of care for unresectable
Stage III NSCLC, and its effectiveness has been demonstrated in real-
world clinical practice [21]. Immune checkpoint inhibitors are also
promising for perioperative treatment of Stage IIIA-N2 NSCLC. Atezo-
lizumab after adjuvant CT improved disease-free survival (DFS) in pa-
tients with Stage II–IIIA NSCLC [22]. Furthermore, the addition of
nivolumab to neoadjuvant CT delayed recurrence in patients with Stage
IB–IIIA NSCLC [23]. Thus, immune checkpoint inhibitors may become a
useful option for the treatment of both unresectable and resectable Stage
IIIA-N2 NSCLC. In order to guide the treatment decision-making process
in clinical practice in the future immunotherapy era, it will be important
to clarify the background characteristics and treatment outcomes of
patients with Stage IIIA-N2 NSCLC who are treated in real-world
settings.

To address this knowledge gap, we analyzed data from the SOLU-
TION study [24] to obtain insight into the clinical decisions surrounding
the resectability and treatment choice for this cohort in clinical settings.
In particular, we examined the patient characteristics, treatment de-
cisions, and clinical outcomes of patients treated in a real-world setting
in Japan according to their treatment modality (CRT or surgery ±

perioperative therapy).

2. Methods

2.1. Ethics

The design of the non-interventional SOLUTION study is described in
more detail in the prior reports [24,25]. As previously explained, this
study adhered to the Ethical Guidelines for Medical and Health Research
Involving Human Subjects [26], which incorporate the ethical principles
of the Declaration of Helsinki. The study was registered on the Univer-
sity hospital Medical Information Network database (UMIN000031385).
Eleven institutions participated in this study under approval from their
ethics committees. Between March 2019 and September 2019, the study
investigators obtained informed consent from surviving patients; pa-
tients who had died or moved from the participating site could be
registered if the patient or legal representative had an opportunity to
provide consent by opt-out.

2.2. Study design and patient selection

Briefly, patients aged ≥20 years were eligible for this study if they
were diagnosed with Stage III NSCLC between January 2013 and
December 2014 and underwent surgery, CRT, CT, or RT, providing
consent was obtained [24]. Patients who received palliative care as their
sole treatment or an unapproved drug, or who had a primary cancer
other than NSCLC were excluded. The medical records of eligible pa-
tients were reviewed through to the index date (March 1, 2018) to
extract clinical information including background characteristics,
treatment modality, and outcomes. NSCLC was staged according to the
7th version of the American Joint Committee on Cancer Staging Manual
[27]. For the purpose of this study, we focused on patients with Stage
IIIA-N2 NSCLC who underwent either CRT or surgery ± perioperative
therapy (Fig. S1). All data were collected retrospectively, and all treat-
ment decisions were made by the clinical care teams. To avoid selection
bias at patient enrollment, all eligible patients were consecutively
registered in each institution. There were no limitations on the numbers
of patients registered at each participating institution.

2.3. Endpoints and data analyses

The following data were used in this analysis: baseline characteris-
tics, treatments, reasons for not performing surgery, definition of death
(within 30 or 90 days after surgery), disease characteristics, and clinical
outcomes (OS, progression-free survival [PFS] for patients who under-
went CRT, and DFS for patients who underwent surgery ± perioperative
therapy). PFS included local or distant progression. DFS was defined as
the time from surgery to disease recurrence in patients who underwent
R0 resection. These data were analyzed in patients who underwent CRT,
surgery + perioperative therapy, and surgery alone. The surgery +

perioperative and surgery alone groups were also combined as a surgery
± perioperative therapy group. Subgroup analyses were also performed
according to the appearance and number of lymph node metastases
(appearance: discrete or infiltrative; number: single or multiple station).
The Kaplan–Meier method was used to plot the OS, PFS, and DFS curves,
and to estimate the median survival times and the survival rates at 1–5
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years with 95 % confidence intervals (CIs). Other data were analyzed
using descriptive statistics, which included the number (percent) of
patients andmedian (range) as appropriate. All analyses were conducted
in an exploratory manner and no formal between-group comparisons
were made. Missing values were not replaced/imputed. SAS® System
Release 9.2 or higher (SAS Inc., Cary, NC, USA) was used for the data
analyses.

3. Results

3.1. Patient disposition

Among 744 patients with Stage III NSCLC registered in the SOLU-
TION study, 227 were classified as Stage IIIA-N2 and were included in
the present analyses (Fig. S1). Of these, 133 underwent CRT (CRT
group), 56 underwent surgery + perioperative therapy, and 38 under-
went surgery alone. Thus, the surgery ± perioperative therapy group
comprised 94 patients. For the CRT and surgery ± perioperative groups,
the median (range) follow-up times were 30.9 (1.9–61.8) and 33. 5

Table 1
Patient characteristics.

Characteristic CRT Surgery + perioperative therapy Surgery alone Surgery ± perioperative therapy
N = 133 N = 56 N = 38 N = 94

Age ​ ​ ​ ​ ​ ​ ​ ​
Median (range), years 65.0 (41–85) 62.5 (34–78) 69.0 (49–84) 67.0 (34–84)
≥65 years 72 (54.1) 24 (42.9) 28 (73.7) 52 (55.3)

Sex ​ ​ ​ ​ ​ ​ ​ ​
Male 104 (78.2) 48 (85.7) 31 (81.6) 79 (84.0)
Female 29 (21.8) 8 (14.3) 7 (18.4) 15 (16.0)

Smoking history ​ ​ ​ ​ ​ ​ ​ ​
Current smoker 34 (25.6) 28 (50.0) 13 (34.2) 41 (43.6)
Past smoker 86 (64.7) 23 (41.1) 22 (57.9) 45 (47.9)
Non-smoker 13 (9.8) 5 (8.9) 3 (7.9) 8 (8.5)

ECOG PS ​ ​ ​ ​ ​ ​ ​ ​
0 87 (65.4) 45 (80.4) 30 (78.9) 75 (79.8)
1 43 (32.3) 9 (16.1) 6 (15.8) 15 (16.0)
2 2 (1.5) 1 (1.8) 1 (2.6) 2 (2.1)
Missing data 1 (0.8) 1 (1.8) 1 (2.6) 2 (2.1)

Comorbidities 95 (71.4) 46 (82.1) 33 (86.8) 79 (84.0)
COPD 21 (15.8) 15 (26.8) 8 (21.1) 23 (24.5)
Autoimmune disease 5 (3.8) 3 (5.4) 2 (5.3) 5 (5.3)
ILD 1 (0.8) 3 (5.4) 6 (15.8) 9 (9.6)
IPF 0 ​ 2 (3.6) 3 (7.9) 5 (5.3)
Non-IPF 0 ​ 0 ​ 3 (7.9) 3 (3.2)
Unknown 1 (0.8) 1 (1.8) 0 ​ 1 (1.1)

Other 83 (62.4) 41 (73.2) 24 (63.2) 65 (69.1)

T classification ​ ​ ​ ​ ​ ​ ​ ​
T1a 19 (14.3) 7 (12.5) 3 (7.9) 10 (10.6)
T1b 23 (17.3) 14 (25.0) 5 (13.2) 19 (20.2)
T2a 40 (30.1) 24 (42.9) 11 (28.9) 35 (37.2)
T2b 23 (17.3) 4 (7.1) 7 (18.4) 11 (11.7)
T3 26 (19.5) 7 (12.5) 12 (31.6) 19 (20.2)
T4 0 ​ 0 ​ 0 ​ 0 ​
Tx 2 (1.5) 0 ​ 0 ​ 0 ​

Histological type ​ ​ ​ ​ ​ ​ ​ ​
Adenocarcinoma 66 (49.6) 34 (60.7) 18 (47.4) 52 (55.3)
Squamous cell carcinoma 52 (39.1) 16 (28.6) 16 (42.1) 32 (34.0)
Neuroendocrine tumor (NSCLC) 6 (4.5) 2 (3.6) 1 (2.6) 3 (3.2)
Other 9 (6.8) 4 (7.1) 3 (7.9) 7 (7.4)

Primary lesion locationa ​ ​ ​ ​ ​ ​ ​ ​
Right upper lobe 54 (40.6) 26 (46.4) 16 (42.1) 42 (44.7)
Right middle lobe 4 (3.0) 5 (8.9) 1 (2.6) 6 (6.4)
Right lower lobe 34 (25.6) 8 (14.3) 12 (31.6) 20 (21.3)
Left upper lobe 22 (16.5) 14 (25.0) 5 (13.2) 19 (20.2)
Left lower lobe 19 (14.3) 4 (7.1) 4 (10.5) 8 (8.5)
Unknown 2 (1.5) 0 ​ 0 ​ 0 ​

Values are n (%) of patients, unless stated otherwise.
COPD, chronic obstructive pulmonary disease; CRT, chemoradiotherapy; ECOG PS, Eastern Cooperative Oncology Group performance status; ILD, interstitial lung
disease; IPF, idiopathic pulmonary fibrosis; NSCLC, non-small cell lung cancer.
a Patients may be included in multiple categories.
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(0.6–61.7) months, respectively.

3.2. Characteristics of patients with Stage IIIA-N2 NSCLC

The background characteristics of the patients are summarized in
Table 1. Of note, the median age was numerically similar in the CRT and
surgery ± perioperative therapy groups (65.0 and 67.0 years, respec-
tively), although the proportion of elderly patients (≥65 years) was
numerically greater in patients who underwent surgery alone than those
who underwent surgery + perioperative therapy (73.7 % and 42.9 %,
respectively). Some differences in other background characteristics be-
tween the CRT group and the surgery ± perioperative therapy group are
also apparent, including a higher proportion of patients with a perfor-
mance status (PS) of 1 (32.3 % and 16.0 %, respectively) and lower
proportion of patients with comorbidities (71.4 % and 84.0 %, respec-
tively) in the CRT group. As might be expected, patients with a history of
interstitial lung disease predominantly underwent surgery alone (15.8
%).

3.3. Physicians’ reasons for determining unresectability

Surgery was not performed in 133 patients; these patients underwent
CRT instead. Of these, 116 were classified as unresectable. As illustrated
in Fig. 1, the three major reasons reported by the physician for not
performing surgery in individual patients (multiple reasons may apply)
were a large number of metastatic lymph nodes (70.7 %), extranodal
infiltration (25.0 %), and poor surgical tolerance (19.0 %). Seventeen
patients were considered resectable but did not undergo surgery for
various reasons (Fig. 1).

3.4. Overview of surgical and non-surgical treatments

The treatment modalities are summarized in Tables S1 (surgical
procedures), S2 (use of neoadjuvant or adjuvant therapies in the surgery
+ perioperative therapy group), and S3 (RT procedures in the CRT
group). Lymph node dissection was performed in 78.7 % of patients

(Table S1), primarily ND2a-2 (lymph node resection up to groups 1a, 1b,
2a-1, and 2a-2) according to the Japanese classification [28]. Resection
was considered complete with no residual tumor in 79.8 % of patients;
this value was lower in those who underwent surgery alone than in those
who underwent surgery + perioperative therapy (73.7 % and 83.9 %,
respectively).

Two patients (one in the surgery alone group and one in the surgery
+ perioperative therapy group) did not undergo surgery but they were
included in the relevant groups because surgery was planned (Table S1).
Among 56 patients who underwent surgery + perioperative therapies,
11 received neoadjuvant and adjuvant therapies, 15 received neo-
adjuvant therapies, and 30 received adjuvant therapies (Table S2).
Regarding RT procedures, nearly all underwent X-ray radiation therapy
(98.5 %) targeted at the affected sites (Table S3). Most patients received
a total dose of≥54 to≤66 Gy (88.0 %). The lung volume irradiated with
≥20 Gy per the treatment plan (V20) was ≥25 % in 50.4 % of patients,
and the mean lung dose (MLD) was ≥13 Gy in 51.9 %.

3.5. Lymph node status

The baseline characteristics of patients divided by number (single or
multiple station) and appearance (discrete or infiltrative) of lymph node
metastases and treatment modality are summarized in Fig. 2 and
Tables S4 and S5. In patients with lymphadenopathy in a single station,
surgery + perioperative therapy was the most frequent procedure in
those with a discrete appearance (41.1 %) whereas CRT was the most
frequent procedure in those with an infiltrative appearance (64.3 %)
(Fig. S2, Table S6). By comparison, among patients with lymphade-
nopathies in multiple stations, CRT was the predominant modality
regardless of whether the appearance was discrete (60.0 %) or infiltra-
tive (80.4 %).

3.6. Distant metastasis

Regarding post-treatment disease progression, local progression only
was relatively infrequent in patients who underwent surgery +

Fig. 1. Reasons for determining unresectability, as reported by the doctors for individual patients. Seventeen patients who received chemoradiotherapy (CRT) were
considered to have resectable disease but did not undergo surgery due to the patient’s preference (n = 8), the institution’s policy (n = 4), because the patient had
bulky N2 cancer, CRT was prioritized, and the possibility of surgery was to be reconsidered after treatment (n = 1), complicated pneumothorax (n = 1), the left lower
lobe cancer was resectable and CRT was administered to the right upper lobe cancer before surgery (n = 1), difficulty in performing surgery first (n = 1), or
comorbidities (n = 1). aIncludes 1 patient (0.9 %) with other reasons. bIncludes 1 patient (0.9 %) with other reasons. cIncludes 4 patients (3.4 %) with other reasons.
dIncludes 3 patients (2.6 %) with other reasons.
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perioperative therapy (7.1 %), indicating relatively better local control.
Local progression only was detected in 13.2 % of patients in the surgery
alone group and 17.3 % of patients in the CRT group. Distant metastasis
without local progression was found in similar percentages of patients
who underwent surgery + perioperative therapy (30.4 %) or CRT (31.6
%) (Table S7).

3.7. OS, PFS, and DFS according to treatment modality and lymph node
status

The Kaplan–Meier curves of OS and PFS/DFS in the CRT, surgery +

perioperative therapy, and surgery alone groups are shown in Fig. 3. The
survival curves for OS and DFS were numerically more favorable in the
surgery + perioperative therapy group, with 3-year OS and DFS rates of
61.9 % and 37.1 %, respectively. The median OS and DFS were not
reached and 22.4 months, respectively. In the CRT group, the median OS
and PFS were 31.9 months and 12.0 months, and the 3-year OS and PFS
rates were 42.2 % and 26.8 %, respectively. The corresponding values in

the surgery alone group were 37.7 % (26.5 months) and 28.7 % (12.6
months).

When patients were subdivided according to the number of involved
stations (single or multiple), there were apparent differences in OS and
PFS/DFS between the single and multiple station subgroups of patients
who underwent CRT (more favorable in patients with a single involved
station) (Fig. 4a), but not in patients who underwent surgery alone
(Fig. 4b) nor those who underwent surgery + perioperative therapy
(Fig. 4c). The 3-year OS and PFS/DFS rates tended to be numerically
more favorable in patients who underwent surgery + perioperative
therapy and who had multiple involved stations compared with the
other subgroups.

Survival outcomes were also assessed in patients divided by treat-
ment and lymph node appearance (discrete or infiltrative), and the re-
sults are presented in Fig. S3. In patients who underwent CRT, the OS
and PFS results did not tend to differ between those with discrete or
infiltrative lymph node invasion (Fig. S3a). For patients who underwent
surgery alone, DFS tended to be more favorable in those with discrete

Fig. 2. Distribution of treatment strategies. CRT, chemoradiotherapy; NSCLC, non-small cell lung cancer.
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lymph node invasion (Fig. S3b). In patients who underwent surgery +

perioperative therapy, OS, but not DFS, was numerically more favorable
in those with infiltrative lymph node invasion than in those with discrete
lymph node invasion (Fig. S3c). The 3-year survival rates tended to be
more favorable in patients who underwent surgery + perioperative
therapy than in the other groups. In this group, the 3-year OS rates for
patients with infiltrative lymph node invasion and discrete lymph node
invasion were 76.9 % and 60.0 %, respectively, and the 3-year DFS rates
were 31.0 % and 41.0 %, respectively.

3.8. Death within 30 or 90 days after surgery

No death was identified up to 30 days after surgery. There was one
confirmed death within 90 days after surgery in the surgery alone (2.6
%) group.

4. Discussion

This was the first multicenter observational study to report the
relationship between treatment choice and detailed features of N2 status

in patients with Stage IIIA NSCLC. This study has illuminated the reality
of treatment decisions being made in clinical practice for this patient
population, for which there is no clear consensus on the optimal treat-
ment and where clinical practice differs between institutions and be-
tween physicians. The factors that had the greatest influence on the
physicians’ decisions on whether or not to perform surgery were the
number and appearance of metastatic lymph nodes, which was also
reflected in the percentages of times each treatment modality was
selected. These findings are expected to be valuable for guiding treat-
ment selection for patients with Stage IIIA-N2 NSCLC because this
setting is expected to become more complex with the emergence of
novel therapies in the future.

Resectability and unresectability were used as key eligibility criteria
in earlier clinical studies of lung cancer. In previous reports, patients
with resectable NSCLC were the logical target of studies that investi-
gated the appropriate surgical procedure for patients with resectable
Stage IA–II NSCLC [29–31]. In contrast, patients with unresectable
NSCLC were enrolled in studies that investigated the optimal timing of
RT or which CT regimen to combine with RT in patients receiving CRT,
for example [20,32–35]. In those studies, the decision about whether the

Fig. 3. OS (a) and PFS/DFS (b) according to the treatment modality in patients with Stage IIIA-N2 NSCLC. Left, CRT; right, surgery alone or surgery + perioperative
therapy. Median (range) follow-up: CRT, 30.9 (1.9–61.8) months; surgery ± perioperative therapy, 33.5 (0.6–61.7) months. CRT, chemoradiotherapy; DFS, disease-
free survival; mo, months; NR, not reached; NSCLC, non-small cell lung cancer; OS, overall survival; PFS, progression-free survival.
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tumor was resectable or not was essentially made by a multidisciplinary
team or often by the surgeons alone, but consensus regarding resect-
ability/unresectability was not documented. Several studies have
investigated the surgical indications for patients with NSCLC, including
those with N2 disease, which is often discussed as borderline resectable/
unresectable, and the impact of lymph node status on clinical outcomes

[36,37]. In a French study of the treatment of Stage IIIA-N2 NSCLC,
consensus was reached via multidisciplinary decision-making [38], but
the patients were limited to those with a non-bulky/non-infiltrative
lymph node appearance. Thus, the optimal management of Stage IIIA-
N2 NSCLC patients, which is a very diverse population in terms of
lymph node number and appearance, remains to be elucidated. In

Fig. 4. OS (left) and PFS/DFS (right) according to the treatment modality (CRT [a], surgery alone [b], or surgery + perioperative therapy [c]) and number of lymph
node metastases (single or multiple station). CRT, chemoradiotherapy; DFS, disease-free survival; mo, months; NR, not reached; OS, overall survival; PFS,
progression-free survival.
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addition, according to the latest Pan-Asian adapted European Society for
Medical Oncology Clinical Practice Guidelines for NSCLC, lymph node
status, swelling, and widespread mediastinal N2 infiltration should be
considered when selecting the treatment strategy [39]. The Japanese
guidelines strongly recommend that a multidisciplinary clinical team
should be involved in making decisions about the treatment strategy for
patients with Stage IIIA NSCLC [40], but do not provide specific selec-
tion criteria. In our investigation into the reasons for determining
whether Stage IIIA-N2 NSCLC patients were resectable or unresectable
in a real-world setting, we revealed that this decision encompassed
multiple factors. We found three main reasons for unresectability: the
number of metastatic lymph nodes, the extent of lymph node infiltra-
tion, and surgical tolerance. A large number of metastatic lymph nodes
and extranodal infiltration were key reasons for determining unresect-
ability. To explain this, patients with a large number of metastatic lymph
nodes are more likely to have distant micrometastases that are difficult
or impossible to detect using imaging, and therefore have a high risk of
postoperative distant metastasis, even in the early stages of NSCLC
[41–43]. Additionally, the number of metastatic lymph nodes is strongly
associated with the prognosis of NSCLC [44–46]. Another reason why
clinicians may use lymph node metastasis/infiltration as a criterion for
determining resectability relates to the possibility of extranodal exten-
sion, which is associated with poor prognosis of NSCLC [47–49]. These
factors related to determining resectability are based on information
that is provided by many different departments (e.g., surgery, internal
medicine, and pathology), and our findings in real-world clinical prac-
tice support the recommendations in the guidelines. Additionally, we
suggest that appropriate subanalyses, eligibility criteria, and allocation
adjustment factors, based on the number of metastatic lymph nodes and
appearance, are needed when designing future clinical studies that
include patients with Stage IIIA-N2 NSCLC for whom it is difficult to
determine a treatment modality, especially in studies in the periopera-
tive period using immuno-oncology agents.

Our study has also clarified the clinical realities of the treatment
modalities of patients who are considered to be resectable. It should be
noted that the surgery alone group had a numerically higher median age
and a greater proportion of patients with a PS of 0 than the other
treatment modalities, but this group did not receive neoadjuvant/
adjuvant therapies, even though the PS suggested that many patients
were medically fit for such therapies. That group also tended to be older
than the surgery + perioperative group, and perioperative therapy may
not be considered feasible due to the risk of CT-related adverse events
[50,51] or comorbidities, such as chronic kidney disease, that contra-
indicate certain CT regimens. In patients who received perioperative
therapy, the treatment modalities varied.

Studies of lung cancer treatment in the perioperative era
[22,23,52–55] have yielded a rapidly growing body of preoperative and
postoperative evidence regarding the treatment modalities for Stage
IIIA-N2 NSCLC. As such, there is an increasing number of treatment
options, including immune checkpoint inhibitors, but the criteria for
determining the resectability and selecting the treatment modality for
patients with Stage IIIA-N2 NSCLC are still controversial and vary
among studies [56]. Thus, we believe that the management of patients
with Stage IIIA-N2 NSCLC in real-world clinical practice will become
even more complicated in the future, and clinicians will need to consider
which treatment modality (surgery, CRT ± immune checkpoint inhibi-
tor) is most appropriate for patients with infiltrative lymph node inva-
sion, multiple lymph node metastasis, or low surgical tolerance. In real-
world settings, the determination of resectability differs between pa-
tients and the therapies are chosen accordingly. Further evidence is
needed to support such treatment decisions, including the possibility of
altering the treatment based on the clinical course (e.g. response to
neoadjuvant therapy), as well as pathological findings (e.g. number of
metastatic lymph nodes, infiltrative lymph node invasion), and patient
factors (e.g. surgical tolerance).

The proposed revisions for the forthcoming 9th Edition of the TNM

Classification of Lung Cancer have separated N2 into single station
(N2a) and multiple station (N2b), with distinct survival outcomes and
prognoses [57]. Those findings are consistent with the results of our
study regarding the number of lymph node metastases. Our findings
provided further insight into the clinical value of lymph nodemetastasis-
related factors, such as lymph node appearance, that are also considered
in treatment decisions.

Our findings should be interpreted with caution due to the limita-
tions. This study was a retrospective observational study. All patients
who satisfied the eligibility criteria were enrolled consecutively in the
order in which they were diagnosed in order to prevent selection bias in
patient enrollment. It should be noted that analysis of survival time was
based on the selected modality, and these data could not be directly
compared due to the limited number of patients and the heterogeneity of
patient characteristics for each modality.

In conclusion, this study has illuminated the real-world decision
rules for choosing between surgical and non-surgical approaches in
patients with Stage IIIA-N2 NSCLC. Our landmark data could support
treatment decision making for using immune checkpoint inhibitors and
targeted therapy for driver oncogenes in the perioperative therapy era.

Study registration

University hospital Medical Information Network database
(UMIN000031385).
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