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Advances in adjuvant therapy for
operable N2 non-small cell lung
cancer: a narrative review
Lei Liu, Yilong Mao, Leilei Guo, Chencong Li and Yiqian Wang*

Department of Radiation Oncology, The First Affiliated Hospital of Dalian Medical University, Dalian,
Liaoning, China
Non-small cell lung cancer (NSCLC) is still the disease with the highest incidence

rate among malignant tumors, in which NSCLC under N2 stage has obvious

survival differences among different patients due to its high heterogeneity. For

NSCLC under this stage, the current treatment options are: preoperative

neoadjuvant therapy, surgical treatment, postoperat ive adjuvant

chemotherapy, postoperative adjuvant radiotherapy (PORT), Postoperative

adjuvant targeted therapy and postoperative adjuvant immunotherapy.

Whether postoperative adjuvant radiotherapy is routinely administered to

patients with pN2 remains controversial in clinical application. Meanwhile, the

booming development of adjuvant targeted therapy and adjuvant

immunotherapy also provides newer therapeutic options for the prognosis of

postoperative pN2 stage NSCLC, and some new markers will guide the adaptive

application of immune drugs in the future. This article analyzes the current stage

of therapeutic advances in operable stage N2 non-small cell lung cancer, and

discusses in detail in this article the therapeutic controversy of postoperative

adjuvant radiotherapy in pN2 stage non-small cell lung cancer, so as to explore a

more reasonable treatment mode for future patients with stage N2 non-small

cell lung cancer.
KEYWORDS

non-small cell lung cancer, stage N2, postoperative radiotherapy, postoperative
immunotherapy, postoperative targeted therapy
1 Introduction

Lung cancer ranks first among malignant tumors as the number one “killer” of human

health in modern society, and non-small cell lung cancer (NSCLC) accounts for 85% of all

lung cancer patients (1). The heterogeneity of stage N2 NSCLC is high, and different lymph

node metastasis patterns make the risk of recurrence and metastasis different, such as single-

site lymph node metastasis, multiple-site lymph node metastasis, massive lymph node

metastasis and so on, which results in a big difference in the prognosis and survival of the

patients. For NSCLC in this stage, surgery is the initial treatment in East Asia (2, 3), and

according to the current guidelines of the Chinese Society of Clinical Oncology (CSCO),
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radical radiotherapy can be used if the patient does not undergo

surgery due to lack of surgical indications or personal reasons, and

more and more scholars have proposed that NSCLC patients with

stage N2 should undergo comprehensive treatment (4, 5), but some

of these modes are controversial and some of the newer modes are

also controversial. some new treatment modalities are being explored.

This review will provide a systematic overview of the advances

in the treatment of operable stage N2 NSCLC with respect to the

relevant papers published at the current stage, and will analyze in

detail the feasibility of postoperative adjuvant radiotherapy (PORT)

for NSCLC at this stage under this staging in the paper, so as to

provide further guidance for the treatment of postoperative NSCLC.
2 Preoperative neoadjuvant therapy

Surgery is still the mainstay of treatment for NSCLC, and

whether surgical treatment is feasible under this staging requires

detailed preoperative evaluation based on imaging data. According

to the eighth edition of TNM staging, the N2 staging of NSCLC

itself is not rigorous, and the smallest lymph node infiltration

conforming to regional localization that can only be diagnosed by

microscopic pathological specimens, and the largest ipsilateral

mediastinal and/or sub-tracheal rongeur lymph node invasion in

a wide range of multiple locations fall into the category of N2, and

the same problem includes the N2 staging of concomitant N1

lymph node invasion, and the different number and extent of the

Lymph node invasion naturally affects surgical feasibility, a problem

that was not initially resolved until the promulgation of the ninth

edition of TNM staging. Although the indications for surgery under

this staging are more stringent, surgery as a radical tumor

management technique needs to be prioritized, and the 2024

CSCO guidelines consider surgery to be feasible for stage N2 with

single-site metastases, and there is no initial indication for surgery

for stage N2 with multiple-site metastases, and neoadjuvant therapy

may be considered before the decision for resection is made by

surgeon assessment. The National Comprehensive Cancer Network

(NCCN) similarly concluded that single-site metastases can be

treated surgically, while patients with no indication for surgery at

this time may be prioritized for radical synchronous radiotherapy,

with continued evaluation for surgery thereafter. Early studies

suggested that downgrading of lymph node staging could be the

basis for subsequent surgical treatment (6), but more recently it has

been suggested that patients with persistent N2 despite neoadjuvant

therapy can be operated on in clinically better (e.g., younger)

patients with longer survival (7).

Although surgical treatment is the cornerstone of treatment for

NSCLC patients, the presence of tumor micrometastases may

exacerbate the risk of recurrence (8), especially for the highly

heterogeneous stage N2 NSCLC. In recent years, a large number of

studies have concluded that preoperative neoadjuvant chemotherapy

not only prolongs the overall survival of patients with NSCLC but

also has a certain degree of increase in disease-free survival compared

with prior surgical treatment (9). Currently, the 2024 CSCO(Chinese

Society of Clinical Oncology) guidelines also include neoadjuvant
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chemotherapy as a secondary recommendation for the treatment of

operable stage N2-III NSCLC.

Neoadjuvant immunotherapy and neoadjuvant targeted

therapies have also been involved in the development of

treatment regimens for operable stage N2-III NSCLC over the

years, and a phase II trial combining preoperative neoadjuvant

chemotherapy with perioperative treatment with divalizumab

ultimately not only proved safe, but also surpassed the data on

survival with neoadjuvant chemotherapy alone (10). A Phase III

clinical trial published in New England concluded that neoadjuvant

natalizumab in combination with chemotherapy significantly

prolonged progression-free survival compared to chemotherapy

alone, and that a higher percentage of patients treated with the

combination had complete pathological remissions (11).

Meanwhile, for patients with EGFR-positive operable NSCLC,

some studies of neoadjuvant targeted therapy with EGFR-TKI

agents or combined with neoadjuvant chemotherapy are also

underway. A retrospective study in China for operable N2-III

NSCLC indicated that the combination of first-generation EGFR-

TKI and chemotherapy could be considered as a neoadjuvant

treatment option (12) with controllable adverse events.

Meanwhile, a domestic phase IIb single-arm multicenter study of

neoadjuvant targeted therapy with the third-generation drug

ositinib included 40 patients with stage II-IIIB operable NSCLC,

and concluded that the objective remission rate of patients treated

with 6 weeks of ositinib was 71.1%, and the safety profile was

acceptable (13). A similar overseas multicenter study of phase II

neoadjuvant targeted therapy with osimertinib also showed that the

preoperative primary pathology remission rate in patients with

operable stage N2 NSCLC was 14.8%, with no pathological

complete response observed, and the trial concluded that,

although this was not achieved, the treatment was safe and had

no significant impact on later surgery (14). This suggests that

neoadjuvant therapy is safe and feasible for patients with stage

N2 NSCLC, but large phase 3 prospective studies are needed to

validate the feasibility of targeted or immunotherapies.

Some studies have also pointed out that after neoadjuvant

chemotherapy, replacement of non-surgical treatment also

achieved similar survival outcomes as surgical treatment (15).

This seems to provide another therapeutic idea for patients who

are unwilling to receive surgical treatment or who are still not

eligible for surgery after neoadjuvant treatment, however, surgical

treatment itself can remove the primary lesion and invaded lymph

nodes, and further determine the staging according to the

pathological results, thus more accurately guiding the subsequent

treatment. Therefore, surgical resection is still the first choice for N2

NSCLC patients who have surgical indications after initial or

neoadjuvant therapy.
3 Postoperative
adjuvant chemotherapy

Due to the strong heterogeneity of stage N2 NSCLC, the

likelihood of local recurrence and distant metastasis after surgery
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remains high, so the necessity of postoperative adjuvant

chemotherapy is self-evident. The RTOG9705 trial has

demonstrated that postoperative paclitaxel combined with

carboplatin prolongs overall and progression-free survival in

patients with operable stage N2 non-small cell lung cancer (16).

A META analysis published in The Lancet synthesized 34 clinical

trials and 8,447 patients and concluded that for all patients with

operable NSCLC, the addition of chemotherapy after surgery

provided a significant benefit over surgery alone, with a 4%

absolute increase in 5-year survival (from 60% to 64%) (17). And

now, the 2024 CSCO guidelines have recognized postoperative

chemotherapy in patients with single-site pN2-IIIA NSCLC

(including T3N2M0) as Class I evidence. This suggests that this

regimen can be effective in improving patient survival for patients

with pN2 stage NSCLC.
4 Controversial topic - postoperative
adjuvant radiotherapy

For patients undergoing postoperative adjuvant chemotherapy

under the current staging, local recurrence or distant metastasis

after treatment is an important reason for the failure of treatment

modality, and subsequent supplementation with further

radiotherapy may theoretically enhance the efficacy of the

treatment, however, a controversial hotspot that cannot be

ignored is: is it necessary to perform routine postoperative

radiotherapy for postoperative patients with non-small-cell lung

cancer of stage pN2 (18, 19)? In the past, when radiotherapy

technology was relatively backward, for example, an early Meta-

analysis of postoperative radiotherapy for non-small cell lung

cancer (20), the literature pointed out that the benefit of PORT

for patients with pN2 was unknown, and thus a controversy that

lasted for decades in this direction was officially opened. 2010, a

multicenter retrospective study in Southwest China similarly

pointed out that (21), among III-N2 patients, the benefit of

postoperative adjuvant radiochemotherapy (PORT) was not

known. OS and DFS were higher in the postoperative concurrent

chemoradiotherapy (POCRT) group than in the postoperative

adjuvant chemotherapy (POCT) group. However, with the

advancement of radiotherapy technology, updating of guidelines,

and adjustment of treatment modalities, some literature has begun

to show different conclusions from the previous ones. A recent

review has shown that N2 stage PORT contributes to a reduction in

local recurrence rates, but there is no statistically significant

difference in overall survival (22). Similarly, a 2024 review also

noted that patients with completely resected pN2 non-small cell

lung cancer did not benefit from PORT in terms of disease-free

survival or overall survival with additional use of PORT (23). And a

retrospective analysis based on SEER noted that postoperative

radiotherapy is a risk factor for patients with pN2 stage NSCLC,

especially some patients with high risk factors died of

cardiopulmonary toxicity after postoperative radiotherapy (24).

To date, both domestic and foreign research in this direction is

still in full swing, and more large prospective trials (25, 26) have

concluded that postoperative adjuvant radiotherapy has no clear
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benefit on overall survival. Therefore, the uncertainties and

limitations behind the 2024 CSCO decision to consider

postoperative adjuvant radiotherapy as a Class 2B evidence for

non-small cell lung cancer at stage pN2-III are still waiting to be

explored by medical practitioners in the future.
4.1 Controversy about the benefit to
overall survival

In the treatment of locally advanced NSCLC, postoperative

radiotherapy has always been regarded as an important treatment

modality for the prevention of local recurrence, and a growing

number of studies have concluded (22, 23, 27, 28) that postoperative

radiotherapy has a statistically significant effect on reducing

postoperative recurrence in pN2 stage NSCLC. However, it is still

debatable whether the benefit in disease-free survival translates into

a benefit in overall survival. Some randomized controlled trials have

documented an improvement in local recurrence with postoperative

radiotherapy, but the survival evidence does not support the use of

postoperative radiotherapy as a routine treatment.

One of the more agreeable views of the reasons for the lack of a

significant difference in OS between PORT and non-PORT points

to the fact that cardiopulmonary-related toxicity due to

radiotherapy offsets the survival benefit of PORT itself. However,

this is not absolute, and it is worth noting that one of the major

differences between the PORT-C study and the LungART study was

the application of an adaptation of the radiotherapy technique from

3D-CRT to IMRT, yet the conclusions of PORT-C showed that the

advances in radiotherapy technique did not produce the desired

change in OS, which may be related to the fact that the trial was

based on a single-center study (25). More multicenter, prospective

trials may be needed in the future to further test this conclusion.

On the other hand, aggressive treatment of subsequent occurrences

such as local recurrence can also lead to equal OS in patients receiving

both treatment modalities. The OS in the observation group in the

PORT-C versus LungART study was even higher than the OS in the

PORT group (although it was not statistically significant in either group

in the study), which may be related to an intensive follow-up strategy

and effective salvage therapies.
4.2 The PORT controversy of different
radiotherapy techniques and modalities

The long-standing controversy over postoperative radiotherapy for

pN2 non-small cell lung cancer has not gradually ended with advances

in radiotherapy technology. A 2014 META analysis (29) collected

clinical studies of pN2 stage patients treated with postoperative

radiotherapy using 60Co with linear accelerators in the 1960s, and

the conclusion showed that treatment with the linear accelerators alone

markedly improved the OS of the patients (RR=2.2,P=0.02, which

seems to confirm the impact of technology update on survival benefit.

At this stage, Intensity-modulated radiation therapy (IMRT) is

the widely used radiotherapy standard for pN2 NSCLC patients.

pN2 patients have a complex lymph node drainage system, and
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radiotherapists are not able to avoid the heart, esophagus, and lung

tissues, which are important organs, when drawing CTVs in the

postoperative period; therefore, physicians in the CRT era had to

reduce the radiotherapy dose when facing this situation. However,

in the IMRT era, with the powerful algorithms and the Multi-leave

collimators (MLC), by constructing multiple radiation fields and

continuously optimizing them, the radiotherapy dose and treatment

position of each site can be fully verified, and ultimately the

radiotherapy toxicity of normal organs can be reduced as much

as possible while ensuring the radiotherapy dose.

In the subsequent innovation of 3D conformal radiotherapy to

IMRT, some studies still failed to draw convincing conclusions on the

comparison between PORT and non-PORT. For example, a

retrospective study based on the US National Cancer Data Base

included patients diagnosed from 2010-2018, and the radiotherapy

group all used IMRT for postoperative radiotherapy, and ultimately

there was no statistically significant difference between the two groups

when comparing overall survival (30). Although some studies

recognize that IMRT can provide better progression-free survival for

this group of patients (26, 31). Some studies have emphasized (32) that

PORT can be safely used if patients are offered more modern treatment

techniques, more limited irradiation, a daily fractional size of ≤2 Gy,

and a total dose of ≤54 Gy. Meanwhile, Corso’s study (33) has also

pointed out that compared to patients who did not undergo

postoperative radiotherapy, the postoperative radiation group, who

received a dose between 45 Gy and 54 Gy, had a better 5-year survival,

and that in the multivariate analysis, postoperative radiotherapy at this

dose remained significantly associated with OS. This implies that dose

has further room for exploration for postoperative radiotherapy in

stage N2 NSCLC. Meanwhile, with technological advances, some

studies have pointed to a promising decrease in the risk of patient

death due to some radiological factors such as cardiotoxicity while

undergoing radiotherapy (34). Although subsequent studies in the

PORT-C prospective clinical trial have not provided stronger andmore

robust clinical evidence for this, in the future, it is likely that some of

these trials will focus their research on mitigating radiotherapy-related

injuries in patients.

Proton radiotherapy technology is a new direction for future

radiotherapy, the physical properties of protons themselves dictate

that they can be released at specific depths to form Bragg peaks,

further reducing the degree of damage to the surrounding normal

tissues and organs, a comparative dosimetric study of Intensity

Modulated Proton Beam Radiotherapy (IMPT) versus Intensity

Modulated Photon Beam Radiotherapy demonstrated that proton

radiotherapy can result in a significant reduction of the dose to all

the patient’s involved organs. Although this was a simulation study,

perhaps it may have implications for future cardiac injury and lower

deaths due to radiation pneumonitis, leading to improved treatment

and overall survival (35); this certainly provides an idea of the safety

of radiotherapy, especially for patients with poor lung function. A

subsequent retrospective study in 2022 expanded the number of

patients included and concluded that compared with IMRT, IMPT

significantly reduced grade 3 and higher radiographic pneumonia

events (HR 0.25, P = 0.04) and to some extent cardiac events of

grade 3 and higher (HR 0.33, P = 0.08) (36). IMPT is not limited to

cardiorespiratory protection, but a multicenter prospective study
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also confirmed that IMPT achieves protection of the hematopoietic

system as well as the immune system (37).

More importantly, the quality of survival of NSCLC patients

treated with IMPT was also assured. A subsequent phase I clinical

trial of accelerated hypofractionated Proton Therapy combined

with chemotherapy collecting 23 patients with stage II-III NSCLC

yielded satisfactory results in terms of locoregional control rate and

overall survival with hypofractionated proton beam radiotherapy,

although three cases of serious adverse events outside the evaluation

window were noted (38). On the one hand, greater safety ensures

that patients are less likely to die from non-tumor-specific causes,

and on the other hand, more advanced radiotherapy techniques

mitigate treatment-induced medically-induced damage so that

patients have the opportunity to undergo further treatment. In

the future, when the above techniques are applied on a large scale,

perhaps we can see the potential for expanding the indications for

radiotherapy in non-small cell lung cancer.
4.3 Controversy over radiotherapy target
areas for patients performing PORT

The postoperative recurrence rate of patients with stage pN2

remains at 20-40% even after radical resection (39), with recurrence

mainly centered on the lesion stump and involved regional lymph

nodes. A preliminary consensus has been reached on some areas of

radiotherapy, such as the bronchial stump, involved mediastinal

lymph nodes, and lymph nodes in the areas of LNS 4L/R, LNS 7,

and LNS 10L/R (40–42). LNS 7 and LNS 10L/R, as the main lymph

node drainage areas of the lung, have the highest risk of ipsilateral

extent of this part of the lymph node drainage area among the

different positions of lung tumors, which is also supported by some

clinical studies. likewise corroborate this view (40, 43). Both LNS 4L

and LNS 4R were high risk areas in left-sided tumors, while right-

sided tumors tended to favor LNS 4R, which might be related to the

different mediastinal regions of the left and right lungs draining

lymph nodes, while Wei et al.’s study concluded that the probability

of recurrence of LNS 4L/R was higher in both the left and the right

lungs (42), and Billiet similarly noted that for left-sided lung

tumors, both LNS 4R and LNS 4L are high-risk areas (44). For

LNS 5, Wei puts the recurrence rate of LNS 5 in the left lung at

21.1%. It can also be considered as a CTV region (42), and the

conclusions of Qin, Kelsey similarly point out that the region of

LNS 5 is significantly higher than baseline (10%) (40, 43). The

supraclavicular lymph node region is not used as a routine CTV for

postoperative radiotherapy in the clinic because its recurrence rate

is less than 10%, but one study noted that routine supraclavicular

lymph node radiotherapy can also significantly reduce the

recurrence of lymph nodes in the supraclavicular region (45), and

further prospective studies are needed to address whether routine

radiotherapy is performed in this region.

However, overall, there are still some postoperative lymph node

regions with uncertain or even contradictory recurrence rates,

resulting in the postoperative target area for patients with III-N2

remaining in controversy. For example, a study by Feng pointed out

that the highest site of lymph node recurrence in right sided lung
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cancer was in the region of LNS 2R (26%) (41), whereas the

conclusion of other researchers concluded that the lymph node

recurrence area of right sided lung cancer was concentrated in the

region of LNS 4R (23.6%-26.1%), while the recurrence rate of LNS

2R is only 12.5%-15.6% (40, 43), so Feng believes that LNS 2R

should be included in the CTV of PORT as well, but for this region,

anatomically, tumors located in the upper lobes of the lungs should

be more aware of the risk of LNS 2. Billiet’s study in the same time,

concluded that lymph nodes in LNS 6 have a The probability of

recurrence of LNS 6 is 9%, which is very close to the baseline (44).

Feng’s study points out that the probability of recurrence of LNS 6 is

12% (41). It is not clear whether the extent of LNS 8 and LNS 9

should be treated as CTVs as well, but in the case of LNS 8, the area

delineated by Spoelstra et al. (46) suggests that all the lymph node

areas in between the two non-contiguous lymph node areas should

be treated as CTVs as well, and that if a metastatic focus occurs in

one lymph node area, then its area should be treated as CTVs. The

presence of metastases in one lymph node should also be considered

as CTV, which may lead to controversial clinical choices, while the

criteria used vary from region to region. The Lung ART study stated

that the target area should include the bronchial stump, the

ipsilateral hilar lymph node area, and the mediastinal pleura

adjacent to the tumor bed, as well as all lymph node draining

areas located between two non-adjacent lymph node stations,

although this approach may result in a larger area of CTV (46).

The CTVs used by the CMS were the bronchial stump, the

ipsilateral hilar and mediastinal septum, and the subcarinal lymph

node. Therefore, the selection of the region of irradiation of the

lymph node drainage area is also a highly controversial topic for

patients with pN2 stage NSCLC, if postoperative radiotherapy is

considered for appropriate patients.

The controversy over the target area in the lymph node drainage

region is not all caused by its own anatomical structure, but may be

related to different surgical approaches, and likewise to the surgical

ability of the operator, which may vary from one operator to

another in the treatment of the lesion and lymph nodes. The age

of the patient is also an important factor to be considered by the

radiotherapist. Elderly patients may have a combination of chronic

diseases and poor tolerance to radiotherapy, which requires a

balance between the size of the CTV target and the effectiveness

of the treatment. Whether chemotherapy can exacerbate the

toxicity of radiotherapy is also debatable. Although there are no

studies directly related to it, in some studies of unresectable non-

small cell lung cancer, some chemotherapeutic agents may increase

the chance of radiation therapy-induced radiation pneumonitis and

radiation esophagitis (47).
4.4 PORT controversy in different
subgroups of the population

Although PORT is a debatable behavior for operable stage

N2 patients, some studies have suggested that subgroup

analyses may identify populations that are better suited for

postoperative radiotherapy.
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There is significant evidence that some subgroups of

postoperative N2 can benefit from PORT, for example, the

NCCN guidelines state that for patients with postoperative

margins of R1/R2, who have not undergone systematic

mediastinal lymph node dissection or sampling, all of these

patients have clear residuals postoperatively, and are the ones

who need to undergo postoperative radiotherapy in order to

achieve tumor eradication.

Liu suggested in a 2023 study that PORT does result in longer

postoperative survival in the pN2 population (50 months vs. 31

months; P=0.005) and that patients with visceral pleural infiltrate

(VPI) or larger tumors (>3 cm in size) benefit more (48). However,

the benefits of PORT in elderly patients with multiple comorbidities

and poor tolerance to radiotherapy need to be further investigated.

Different pathologic types of non-small cell lung cancer have

different sensitivities to radiotherapy, such as adenocarcinoma,

which is not sensitive to radiotherapy; therefore, there seems to

be room for discussion about the benefits of different histologic

subtypes from PORT. Hui, in a retrospective study of 221 patients

included in a retrospective analysis, pointed out that squamous cell

type was statistically significant for the OS benefit among the

pathologic subtypes (P=0.013), and therefore PORT was

recommended for patients with squamous cell carcinoma (49).

However, Liu concluded in a systematic review integrating four

retrospective studies involving squamous carcinoma and three

retrospective studies involving adenocarcinoma, that there was no

statistically significant difference in benefit from PORT by

histologic type (50). This suggests that the determination of

PORT based on pathologic type alone needs to be validated by

further prospective experiments in the future.

At this stage, the staging of lymph nodes in N2 is based on the

ipsilateral hilar, mediastinal, and subcarinal lymph node (group 7).

Not all patients with N2 have lymph node involvement limited to a

single site, and lymph node involvement at different sites may

reflect the risk of metastasis, which may affect the designation of the

patient’s treatment plan, especially in patients who were not

characterized as N2 preoperatively and whose postoperative

pathology suggests multisite lymph node metastasis from N2.

Cao’s trial included 218 patients with pN2-IIIA (AJCC 7th

edition staging) non-small cell lung cancer, with or without N1

regional metastasis as a subgrouping factor. After propensity score

matching, the prognosis of pN2-IIIA with N1 metastasis was

significantly lower than that of pN2-IIIA alone (5-year OS: 7.1%

vs. 37.5%, P = 0.008; 5-year DFS: 4.6%vs. 31.8%, P = 0.004) (51).

Therefore, the value of PORT for pN2 patients with concurrent

N1N2 invasion needs to be discussed further, although in the past

some studies have also pointed out that concomitant N1 metastasis,

did not affect the prognosis of N2-IIIA (52, 53), and Cao’s paper,

after carrying out in multifactorial regression analyses, only

concomitant N1 metastasis in multinodular pN2-IIIA stage

NSCLC’s was an independent prognostic The prognosis of a

single N2 site was not statistically significant, and similar

conclusions were reached in Yun’s 2021 study of postoperative

radiotherapy for pN2 NSCLC (54). In summary, we may need a

more visual data information to reflect lymph node involvement for
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better treatment follow-up as opposed to continuing to discuss

lymph node site metastasis.

LNR is the ratio of positive intraoperative lymph nodes to

intraoperative clearance of detected lymph nodes, and in studies

related to breast and rectal cancers, some data have been able to

support the ability of LNR to respond to localized regional recurrence

(55), which explains that the risk of regional recurrence may be

higher in patients with a high LNR. Similarly, some research

programs for other cancers, such as colorectal cancer, have pointed

out (56) that the number of metastatic lymph nodes may have a more

important prognostic role than the anatomic location, but at this

stage of TNM staging, N staging for lung cancer does not take into

account the specific value of lymph nodes. In some basic studies, LNR

may reflect the body’s immune system and tumor-host interactions,

such as a study suggesting that lymph node infiltration is more closely

related to the prognosis of a variety of tumors (57). LNR has now

been considered as an indicator for inclusion in several studies.

Compared to the discussion of lymph node sites, the LNR value

clearly demonstrates a patient’s lymph node involvement in a more

direct numerical percentage form. For the qualifying value, and

qualifying range of this ratio also needs to be further explored, Zhu

(58) collected R0 surgery and adjuvant chemotherapy for non-

metastatic pN2 NSCLC patients from the NCBD, and in patients

with LNR <15% (HR=1.11, P=0.21) or with LNR in the range of 15-

29% (HR=1.03, P=0.73), there was no statistically significant

difference in their OS was not statistically significantly different, but

patients with LNR ≥30% (HR=0.83, P=0.006) possessed a significant

improvement in OS. Meanwhile, in patients with LNR ≥30%, IMRT

significantly improved OS compared to no PORT (HR = 0.75, P <

0.05). In contrast, the 2023 Chien (59) study enrolled 82 patients with

R0 resected pN2 stage NSCLC, and although PORT did not translate

into CSS(Cancer-specific survival) and OS benefit throughout the

cohort study, OS improvement was observed in the subgroup that

underwent PORT with an LNR ratio ≤0.22 (HR=0.41,P=0.047).

Meanwhile, a study of the relationship between LNR and

postoperative radiotherapy noted (60) that although patients in the

group with LNR ≤ 0.29 could achieve higher CSS (59.2% 5-year CSS

rate in the LNR < 0.29 group and 45.4% 5-year CSS rate in the LNR ≥

0.29 group, HR=1.56, 95% Cl:1.37-1.76,P<0.001) and OS gains

(5-year OS rate was 51.8% in the LNR < 0.29 group and 39.1% in

the LNR ≥ 0.29 group. HR = 1.44,95% CI: 1.28 - 1.62;P < 0.001), but

in the subgroup analysis with LNR ≤ 0.29, CSS between the non-

radiotherapy and radiotherapy subgroups (HR = 0.98; 95% CI: 0.82-

1.17; P = 0.809) and OS (HR = 0.95; 95% CI: 0.81-1.11; P = 0.533)

were not significantly different, and in the face of this discrepancy

across studies, the LNR needs to be cautiously considered as a

predictor of PORT benefit.

For current patients with stage pN2 NSCLC, their postoperative

local recurrence rate remains unsatisfactory even with postoperative

conventional chemotherapy; therefore, in order to improve local

recurrence and enhance the quality of patient survival, the common

decision of the American College of Radiology in its

multidisciplinary appropriateness criteria is to encourage the use

of PORT in patients with stage pN2 NSCLC to improve local

regional control, but the preferred strategy of postoperative
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radiotherapy versus postoperative chemotherapy is currently

unknown. The prioritization strategy is currently unknown. A

subset of patients with locally advanced stage pN2 NSCLC have a

large local tumor load, and it may be more beneficial to the survival

of this subset if radiotherapy is prioritized to deal with the local load

before systemic chemotherapy to control systemic metastases, Lee

et al. in a retrospective study in 2016 enrolled 105 postoperative

patients with stage pN2 and all underwent postoperative

radiotherapy, and were divided into two groups based on the

presence or absence of postoperative chemotherapy were divided

into two groups and in the postoperative chemotherapy group,

chemotherapy was started 3-4 weeks after postoperative

radiotherapy. Ultimately there was no statistically significant

difference between the two groups in local recurrence and distant

metastasis (61), the team concluded that the postoperative PORT

prioritization strategy does not appear to affect the clinical

outcomes of pN2 stage NSCLC treatment. Despite the persuasive

nature of the conclusion, further prospective experiments are

needed to confirm the findings. Moreover, the study lacked data

on descriptive toxicity, dose reduction in chemotherapy treatment,

or delayed administration, and whether this potential effect could

cause differences in PORT prioritization still needs to be verified by

a more detailed study design.

There are some other subgroups, such as gender factor, different

gender in PORT Kou set two study endpoints of OS and CSS in the

2018 retrospective study based on the SEER database, and although

neither study endpoint was statistically significant in the PORT

group versus the non-PORT group after matching based on

propensity scores, in the subgroup analyses men who did not

undergo PORT patients were unable to obtain improvements in

OS (P=0.007) and CSS (P=0.006) (62). Although it is not possible to

explain in detail the exact rationale for the variability due to the

gender factor, the reasons for this can be simply and tentatively

inferred from some additional information, such as the fact that the

number of male lung cancer patients with a history of smoking is

greater than that of female lung cancer patients, and that the poorer

lung status of male smokers may require more therapeutic

modalities to maintain survival.
4.5 Future directions for PORT in patients
with stage pN2 NSCLC

In fact, despite the current controversy over PORT in stage N2

NSCLC, this does not mean that PORT at this stage does not have

any therapeutic advantages. As mentioned earlier, on the one hand,

a rigorous screening of the PORT-advantaged group is needed, and

on the other hand, new radiotherapy techniques and target-area

range control are needed in order to minimize the radiotoxicity of

the patient’s thoracic organs, so that the advantage of PORT in

disease-free survival can be translated into an eventual overall

survival advantage.

Few studies have focused on the use of radiotherapy in

perioperative N2 patients, and there should be optimism that

perioperative immune checkpoint blockade, which improves
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control of distant metastases, and local regional control with PORT

may improve the prognosis of patients.

A few studies have pointed out that EGFR mutation status might

be able to influence the choice of PORT, especially for postoperative

EGFR wild-type N2 NSCLC patients (63, 64), whose biggest problem

lies in the fact that they are not entitled to the benefits of targeted drugs

but might be able to obtain survival prolongation by PORT. Therefore,

it may be debatable whether PORT can be used as a positive remedy for

rare mutant genes that do not have a corresponding targeted drug.
5 Postoperative adjuvant
targeted therapy

Relying on the identification of specific molecular markers on

the surface of tumor cells to achieve the killing of tumor cells,

targeted drugs have opened up a new therapeutic track for the

treatment of tumors. Compared with traditional chemotherapeutic

drugs, the treatment of targeted drugs possesses higher selectivity

and causes less damage to normal cells, thus reducing side effects.

EGFR plays an important role in the evolution and progression of

NSCLC, and some targeted therapeutic agents against EGFR have

reached maturity, among which the efficacy of tyrosine kinase

inhibitors (TKIs), especially for Asian populations, has been proven

(65). At this stage, the postoperative survival data of pN2 NSCLC

patients are still unsatisfactory. Regardless of whether EGFR expression

is taken into account or not, the conventional treatment mode is a two-

agent regimen based on platinum-based chemotherapy, whereas for

EGFR-positive patients, there is a significant difference between the

conventional two-agent regimen and the tyrosine kinase inhibitor

alone for progression-free survival, with the patient group treated

with the targeted drug alone having a longer progression-free

survival. group had longer progression-free survival (66). With the

newer generation of targeted agents, the recent ADAURA clinical trial

of the third-generation drug ositinib showed longer progression-free

survival in the ositinib group compared to placebo for patients with

stage pN2 NSCLC (67). It is currently approved as a postoperative

adjuvant in the 2024 edition of the CSCO guidelines. And in a follow-

up analysis of patients enrolled in the ADAURA trial, not only did

patients in the ositinib arm have longer progression-free survival, but

they also had a lower risk of local and distant recurrence (68).

ALK gene mutations are abnormal changes in the ALK (Anaplastic

Lymphoma Kinase) gene that result in the production of an abnormal

ALK protein. Such mutations usually involve fusions of the ALK gene

with other genes, most commonly EML4-ALK fusions, and these

mutations are predominantly found in non-smokers, younger

patients, and patients with adenocarcinoma subtypes, with an

incidence of 3%-5%. The current ALINA trial focused on the EML4-

ALK fusion protein second-generation drug alectinib, which enrolled

257 patients with ALK-positive NSCLC in stage IB-IIIA (N2) (7th

edition AJCC staging), and divided the patients into two groups: 130 in

the oral alectinib group and 127 in the platinum chemotherapy group,

which ultimately indicated that, for pN2 stage The study concluded
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that for patients with pN2 stage ALK-positive NSCLC, alectinib

significantly improved disease-free survival (69). As a result, on April

18, 2024, the FDA approved the use of alectinib as postoperative

adjuvant therapy for patients with ALK-positive NSCLC.

However, despite the clear role of targeted therapy in the

prognosis of tumor patients, the problem of targeted drug

resistance, cumulative drug toxicity, and the economic burden of

patients caused by the long-term use of targeted drugs has caused a

lot of controversy in recent years, and therefore, exploring a new

model of the treatment cycle has become a current research

direction, for example, a phase II study of malignant melanoma,

S1320, which collected patients with metastatic and unresectable

BRAFV600 melanoma and divided the darafenib and trametinib

drug treatment groups into an intermittent dosing group and a

normal treatment group, and the final conclusion of the experiment

was that the intermittent dosing treatment model did not improve

progression-free survival. There was no difference in overall survival

between the two groups (70). This suggests that intermittent dosing

may be a viable treatment option.

However, for NSCLC patients, there may be a need for a more

definitive indicator of drug use cycles. A study of patients with stage

IA-IIIB NSCLC suggested that circulating tumor DNA (ctDNA)

could be used as a potential molecular biomarker for predicting

residual lesions in solid tumors, and that changes in its value could

reflect the risk of tumor recurrence after radical therapy (71). An

exploratory trial at WU combined changes in ctDNA with

adjustments in targeted therapy cycles, using plasma ctDNA to

reflect potential Minimal Residual Disease (MRD), to provide

preliminary evidence that targeted drugs can be individually

adjusted according to the level of changes in ctDNA in patients.

The study ultimately included 60 patients with inoperable advanced

or locally advanced NSCLC who were treated with TKI and LCT

and had no residual disease, with the study endpoint being PFS,

defined as the time from treatment discontinuation to initial

recognition of disease progression based on RECIST or death

from any cause. With a final median PFS of 18.4 (95% CI, 12.6-

24.2) months, a median total treatment interruption duration of 9.1

(95% CI, 1.5-28.1) months, and a continued high objective

remission rate of 96% with TKI in all patients who resumed

targeted therapy after a pause in treatment, and with no grade 3

or higher adverse events observed at follow-up. This adaptive

treatment paradigm is considered feasible, especially for patients

who have no residual lesions after LCT and have negative ctDNA

results (72). Although there are no studies on operable N2 NSCLC,

the ctDNA study may provide a new “drug holiday” treatment idea

for future pN2 NSCLC patients.
6 Postoperative
adjuvant immunotherapy

The immune system plays an important role in the development

of cancer. In the human body, immune checkpoints prevent an
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overactive immune response and protect normal tissues from

damage. Cancer cells can use these checkpoints to evade immune

attacks. Immunotherapeutic agents currently used in NSCLC include

programmed death protein 1 (PD-1), programmed death ligand 1

(PD-L1), and cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4)

(73). Both IMpower010 and KEYNOTE-091 trials were conducted on

patients with stage IB-IIIA (AJCC 7th edition staging) fully resected

lesions of NSCLC patients with fully resected lesions in stage IB-IIIA

(AJCC 7th edition staging), and the final results of the phase III

clinical study of postoperative adjuvant immunotherapy showed that

patients in the immunotherapy group had a disease-free survival

benefit regardless of the level of PD-L1 expression (74, 75). Among

them, based on the trial results of IMpower010, the US FDA finally

approved adjuvant atelizumab after surgical treatment and platinum-

based chemotherapy for patients with PD-L1 expression ≥ 1% in

stage II-IIIA NSCLC. In the follow-up study of IMpower010, patients

who had died accounted for 25% of the overall population (median
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follow-up: 45.3 months). The primary cause of death was disease

progression, which accounted for 63% in the atilizumab group and

80% in the chemotherapy combined with best supportive care group.

Although median OS was not statistically significant, post-hoc

exploratory OS analysis showed a 57% reduction in the risk of

death in patients with PD-L1 expression ≥50% [HR 0.43 (95% CI

0.24-0.78)] (76), suggesting a better prognosis for patients with high

PD-L1 expression with adjuvant immunotherapy.

However, neither IMpower010 nor KEYNOTE-091 excluded

the EGFR-positive group of patients enrolled in both trials, and

although the studies acknowledge that the adjuvant chemotherapy

combined with immunotherapy paradigm is equally beneficial for

the survival of patients with EGFR mutations, the role of the

interplay between PD-1/PD-L1 and EGFR remains controversial

at this time, with one A preclinical study suggests that EGFR

mutations induce apoptosis in T cells through EGF activation or

in vitro activation of mutations exon19 del and L858R, leading to
Study Patients
Experimental

Arm
Control
Arm

Primary
Endpoint

mDFS ( Experimental
Arm VS Control Arm)

HR ( Experimental Arm VS
Control Arm)

ADAURA

IB-IIIA
EGFR mutation
(exon 19 deletion
[Ex19del]/L858R) +
radical resection +

adjuvant
chemotherapy

Osimertinib 125mg
qd 3 year

Placebo
3 year

DFS

II-IIIA: 65.8 months (95%
CI:54.4- not reached) VS 21.9
months (95% CI 16.6 - 27.5)
All: 65.8 months (95% CI:61.7
- not reached) VS 28.1 months
(95% CI 22.1 - 35.0)

II-IIIA HR: 0.23; 95% CI 0.18 - 0.30
All HR: 0.27; 95% CI 0.21 - 0.34
II-IIIA CNS HR: 0.24; 95% CI 0.14
- 0.42

ALINA
IB-IIIA ALK-
positive +

radical resection

Alectinib
600 mg bid 2 year

four 21-day
cycles of

intravenous
chemotherapy

DFS

II-IIIA: not reached VS 44.4
months (95% CI 27.8 - not
reached)
All: not reached VS 41.3
months (95% CI 28.5 -
not reached)

II-IIIA HR: 0.24; 95%CI 0.13 - 0.45
All HR: 0.24; 95% CI 0.13 - 0.43

EVIDENCE

II-IIIA
EGFR mutation

(exon 19/
21activation) +
radical resection

Icotinib
125mg tid 2 year

four 21-day
cycles of

intravenous
chemotherapy

DFS
47·0 months (95% CI 36·4 -
not reached) VS 22·1 months
(95% CI 16·8-30·4)

HR: 0·36; 95%CI 0·24 - 0·55.

IMpower010

Stage IB-IIIA
radical resection +

adjuvant
chemotherapy

Atezolizumab 1200
mg q3w 1 year

Observation DFS

All (II-IIIA): 42.3 months (95%
CI 36.0- not reached) VS 35.3
months (30.4 - 46.4)
PD-L1≥1% (II-IIIA): not
reached (95% CI 36.1- not
reached) VS 35.3 months (29.0
- not reached)
ITT (IB-IIIA): not reached
(95% CI 36.1- not reached) VS
37.2 months (31.6 -
not reached)

II-IIIA HR: 0·79; 95% CI 0·64 - 0·96
PD-L1≥1% (II-IIIA) HR: 0·66;95% CI
0·50 - 0·88
ITT(IB-IIIA) HR: 0·81; 95% CI 0·67
- 0·99

KEYNOTE-
091

Stage IB-IIIA
radical resection +

adjuvant
chemotherapy

Pembrolizumab 200
mg q3w 1 year

Placebo
1 year

DFS

All: 53.6 months (95% CI:39.2
- not reached) VS 42.0 months
(95% CI 31.3 -not reached)
PD-L1≥50%: not reached (95%
CI 44·3 - not reached) VS not
reached (95% CI 35.8 -
not reached)

All HR: 0·76; 95% CI 0·63 - 0·91
PD-L1≥50% HR: 0·82; 95% CI 0.57
- 1.18
DFS: disease-free survival; Comment: stage IB (≥4 cm).
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overexpression of PD-L1 in tumor cells through the ERK1/2-c-jun

pathway, which ultimately affects the efficacy of immunotherapy in

patients with EGFR mutations (77). Moreover, the toxicity of the

combination between immunologic and targeted agents may be

unavoidable (78), and a subsequent head-to-head trial suggests that

preferential use of targeted therapy may be the optimal treatment

option for completely resected patients with EGFR mutations, but

further studies are still needed (79). Therefore, when clinically

operable N2 stage NSCLC has both high PD-L1 expression and

EGFR mutations, careful drug selection is needed for more

comprehensive treatment. Table 1 shows a comparison of the

efficacy of postoperative adjuvant targeted therapy and adjuvant

immunotherapy in patients with stage pN2 NSCLC in the current

phase 3 clinical trial.
7 Summary

Operable N2 NSCLC itself is a very heterogeneous tumor among

NSCLCs, and at this stage, the difference in postoperative survival of

operable N2 NSCLC is very obvious, and even after surgical treatment,

the risk of local recurrence and distant metastasis after surgery remains

high, and there is no uniform conclusion on the use of postoperative

adjuvant chemoradiation or chemotherapy alone, the sequence of

chemoradiation and radiotherapy, and the outlining of target areas

for radiotherapy. Moreover, the cardiopulmonary toxicity of

radiotherapy and the patient group that will benefit from

radiotherapy need to be fully considered as factors that may affect

subsequent survival. Although the emergence of targeted therapy and

immunotherapy has provided new ideas for the postoperative

treatment of NSCLC, the clinical application is still controversial at

this stage, and some new treatment modes and their scope of

application are under clinical validation, and the future tumor

treatment should be developed in the direction of individualization

and specificity, and it is expected that relevant research or technological

innovation can provide further clinical evidence.
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