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Background: Surgery is commonly used to treat stage I lung cancer patients, whereas radiotherapy is
applied to treat stage III lung cancer patients. However, few advanced-stage lung cancer patients benefit
from surgery. This study aimed to investigate the efficacy of surgery for stage III-N2 non-small cell lung
cancer (NSCLC) patients.

Methods: A total of 204 patients with stage ITI-N2 NSCLC were included and divided into surgery (n=60)
and radiotherapy (n=144) groups. The clinical characteristics [tumor node metastasis (TINM) stage, and
adjuvant chemotherapy] and basic information (gender, age, and smoking/family history) of the included
patients were evaluated. Furthermore, the patients’ Eastern Cooperative Oncology Group (ECOG) scores
and comorbidities were also evaluated, and the Kaplan-Meier approach was utilized to analyze their overall
survival (OS). A multivariate Cox proportional hazards model was generated to analyze OS.

Results: There was a significant difference in disease stages (IIIa and IIIb) between the surgery and
radiotherapy groups (P<0.001). Compared with the surgery group, there were more patients with ECOG
scores of 1 and 2 and fewer patients with ECOG scores of 0 in the radiotherapy group (P<0.001). Moreover,
there was a significant difference in comorbidities between the stage III-N2 NSCLC patients in the two
groups (P=0.011). The OS rate was higher significantly in stage III-N2 NSCLC patients in the surgery
group compared to that in the radiotherapy group (P<0.05). Kaplan-Meier analysis demonstrated that the
OS of IIT-N2 NSCLC was markedly better in the surgery group compared to the radiotherapy group (P<0.05).
The multivariate proportional hazards model showed that age, T stage, surgery, disease stage, and adjuvant
chemotherapy were independent prognostic predictors for OS in stage ITI-N2 NSCLC patients.
Conclusions: Surgery is associated with improved OS in stage III-N2 NSCLC patients and is

recommended to treat these patients.
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Introduction 234,000 lung cancer diagnoses, about 154,000 die due to
Lung cancer has become the leading cause of cancer- lung cancer-associated factors (3,4). Commonly, early-stage
associated death worldwide, and its incidence has been non-small cell lung cancers (NSCLC), such as stage I and
increasing every year (1,2). Among the approximately stage II, are treated using a standard surgical approach,
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followed by adjuvant chemotherapy.

NSCLC patients with stage III who are characterized
by N1 involvement (stage III-N1) usually undergo
surgery followed by adjuvant chemotherapy. However,
the therapeutic strategy of stage III NSCLC patients with
N2 involvement (stage III-N2) is a controversial topic
in the field of lung cancer. Stage III-N2 NSCLC occurs
in approximately 15% of all NSCLC patients, and its
incidence rate is relatively lower. Stage III-N2 NSCLC, as
a highly heterogeneous category of lung cancer, is mainly
characterized by lymph-node involvement, invasion of
local structures, and varying tumor sizes (3). Clinically, the
S-year overall survival (OS) rate for stage III-N2 NSCLC
patients is only 34%, which decreases to 10% when one
or more lymph nodes are involved (3,5). A previous study
reported that surgery followed by chemoradiotherapy or
chemotherapy is an appropriate method for stage III-N2
small cell lung cancer (SCLC) patients; however, whether
surgery and/or chemotherapy could benefit stage III-N2
NSCLC patients also needs to be clarified.

At present, some studies (6,7) have recommended that
surgery could be applied for the removal of tumor tissues and
prolonging the OS rate of advanced-stage SCLC patients,
such as those with stage III-N2 or higher stages. Therefore, to
clarify the effects of surgery on stage III-N2 NSCLC patients,
we conducted a retrospective study to compare surgery with
radiotherapy. We present the following article in accordance
with the STROBE reporting checklist (available at https://jtd.
amegroups.com/article/view/10.21037/jtd-23-269/rc).

Highlight box

Key findings

¢ Clinically, stage III-N2 NSCLC patients usually demonstrate
higher degrees of heterogeneity due to the characteristics of the
involved lymph nodes. This study found that Surgery improved
OS in this population, which is a better choice.

What is known and what is new?

* The effectiveness of surgery for treating stage III NSCLC patients
is controversial.

® Our study proved that stage III-N2 NSCLC patients who
underwent surgery demonstrated better overall survival compared

to those receiving radiotherapy.

What is the implication, and what should change now?

® Surgery is a favorable treatment strategy for advanced-stage lung
cancer. We would recommend that doctors utilize surgery more
widely for the treatment of stage III-N2 NSCLC patients.
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Methods
Patients

The present retrospective study included 204 adult patients
(age >18 years) diagnosed the squamous lung cancer
with stage III-N2 who underwent therapy in the Fourth
Hospital of Hebei Medical University from January 2008
to December 2013 were selected. Among these stage
II-N2 NSCLC patients, 60 underwent surgery (IlI-surgery
group) and 144 received radiotherapy (III-radiotherapy
group). The diagnosis of stage III-N2 NSCLC was conducted
according to the state III-N2 NSCLC guideline published by
the European Society of Chest Physicians (ESMO) 2017 (8).
The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). This study was
approved by the Ethics Committee of the Fourth Hospital
of Hebei Medical University (No. 2020KS024) and

individual consent for this retrospective analysis was waived.

Inclusive criteria and exclusive criteria

The inclusion criteria were as follows: (I) patients who
underwent surgical treatment or radiotherapy; (II)
patients with survival records; (III) patients with clinical
characteristics including T stage, N stage, as well as
basic information including gender, age at diagnosis,
and smoking/family history. The exclusion criteria were
as follows: (I) patients who previously received adjuvant
targeted chemotherapy and radiation therapy; (II) patients
with sequential or simultaneous second-primary tumors;
(III) patients with missing clinical characteristics or basic
information; (IV) four patients had previously undergone the
pneumonectomy or lobectomy as a surgical procedure.

Treatments (surgery and radiotherapy)

The surgical processes were conducted as described by the
state III-N2 NSCLC guideline published by ESMO in
2017 (8). Radiotherapy planning and delivery were carried
out at the same institution according to the Positron
emission tomography computer tomography (PET-CT)
treatment position and conventional planning CT scans.
Radiotherapy was conducted using linear accelerators, with a
total radiation dosage ranging from 48-54 Gy and a median
dosage of 50 Gy for 6-8 MV X-rays at 1.8-2.0 Gy per
fraction 5 days per week, as reported by a previous study (9).
The dosage-volume constraints for the organ at the risk
(OAR) were applied according to the standard described by
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Table 1 Baseline characteristics for the patients in two groups

Yang et al. Surgery for llI-N2 NSCLC patients

Characteristics Surgery (n=60) Radiotherapy (n=144) P

Age, mean + SD (years) 57.53+8.87 61.94+9.17 >0.05

Gender 0.063
Male 60 140
Female 0 4

Smoking status 0.084
Never 11 hh|
Yes 49 133

Family history 0.108
Yes 7 12
No 53 132

Adjuvant chemotherapy 0.058
Yes 34 93
No 26 51

SD, standard deviation.

a previous study (9). Statistical analysis

Chemotherapy was administered using synchronous and
sequential chemotherapy. The chemotherapy regimen was
platinum-based single-agent or combination chemotherapy,
with platinum-based drugs such as cisplatin, carboplatin,
nedaplatin and loplatin, and combination drugs including
paclitaxel, docetaxel and vincristine. One hundred and thirty
patients received chemotherapy in the whole group, of
which 34 patients belongs to Surgery group and the other 96
patients were in Radiotherapy group. All patients treated with
chemotherapy for 1-6 cycles, with a median of 4 cycles.

Evaluation indexes

The TNM stages were classified as described by the
eighth edition of the TNM classification in the Union
of the International Cancer Control (UICC) (10).
Clinical characteristics, such as T stage, N stage, adjuvant
chemotherapy, and basic information (including gender, age
at diagnosis, and smoking/family history) were evaluated
in this study. The ECOG scores of patients were evaluated
and the comorbidities of hypertension or diabetes were
also determined. Moreover, the OS of patients was also
evaluated according to a previously reported study (11).
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The professional statistical software 22.0 (SPSS, Chicago,
IL, USA) was used to analyze the data in this study. Tukey’s
post hoc test validated analysis of variance (ANOVA) test was
used to compare the measurement data between groups.
The Chi-square test was applied to analyze the clinical
characteristics or basic information between the surgery
and radiotherapy groups. The Kaplan-Meier approach
was utilized to analyze the OS of patients. A multivariate
Cox proportional hazards model was generated to analyze
the OS of patients. P<0.05 was considered to indicate a
statistically significant difference.

Results
Basic characteristics for patients with stage III-N2 NSCLC

Among the 204 stage III-N2 NSCLC patients, 60 patients
underwent surgery and 144 patients received radiotherapy.
There were no marked differences in age, gender, smoking
history, and family history between patients in the surgery
and radiotherapy groups (Table 1). Therefore, the clinical
parameters between the surgery and radiotherapy groups
were comparable.

7 Thorac Dis 2023;15(3):1426-1432 | https://dx.doi.org/10.21037/jtd-23-269



Journal of Thoracic Disease, Vol 15, No 3 March 2023

Table 2 Comparison for the disease stages between the surgery and radiotherapy groups
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Disease stage Surgery (n=60) Radiotherapy (n=144) P
Illa, n (%) 38 (63.33) 39 (27.08) <0.001
b, n (%) 22 (36.67) 105 (72.92)
Table 3 Comparison for the outcome and comorbidity of patients in post administration of surgery and radiotherapy
Characteristics Surgery (n=60) Radiotherapy (n=144) P
ECOG, n (%) <0.001
0 53 (88.33) 17 (11.81)
1 7(11.67) 109 (75.69)
2 0 (0.00) 18 (12.50)
Comorbidity, n (%) 0.011
Hypertension 27 (45.0) 75 (52.08)
Diabetes 0 (0.00) 1(0.70)
ECOG, Eastern Cooperative Oncology Group.
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Figure 1 Determining the effects of surgery and radiotherapy on overall survival for stage III-N2 NSCLC patients. (A) Comparison of
overall survival. (B) Kaplan-Meier analysis of the overall survival of the stage III-N2 NSCLC patients in both the surgery and radiotherapy

groups. NSCLC, non-small cell lung cancer.

Clinical characteristics of patients with stage II1I-N2
NSCLC

There was also a significant difference in the disease stages
(IITa and IIIb) between the surgery and radiotherapy
groups (Tuble 2, P<0.001). Compared with the surgical
group, there were more patients with ECOG scores of 1
and 2 and fewer patients with ECOG scores of 0 in the
radiotherapy group (7able 3, P<0.001). Moreover, among
the 60 stage III-N2 NSCLC patients in the surgery group,
there were 27 patients (45%) with hypertension, and
75 hypertensive patients (52.08%) in the radiotherapy
group (Table 3). Meanwhile, among the stage III-N2
NSCLC patients, there were no diabetic patients in the
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surgery group and one diabetic patient in the radiotherapy
group (1able 3). Therefore, there was a significant difference
in the comorbidities between stage III-N2 NSCLC patients
in the surgery and radiotherapy groups (7able 3, P=0.011).

Effects of surgery and radiotherapy on the OS of stage
IHII-N2 NSCLC patients

Our findings showed that the OS rate was higher
significantly in stage III-N2 NSCLC patients in the
surgery group compared to that in the radiotherapy group
(Figure 14, P<0.05). The Kaplan-Meier analysis also
demonstrated that the OS of III-N2 NSCLC patients was
markedly better in surgery group patients, as compared to
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Table 4 Multivariate cox proportional hazard analysis of overall survival

Yang et al. Surgery for llI-N2 NSCLC patients

95% CI
Variables HR =]
Lower Upper

Age 0.198 0.135 0.227 0.019
ECOG 0.796 0.297 1.073 0.213
Surgery 1.073 0.784 1.308 0.001
T-stage 0.886 0.569 1.342 0.027
Disease stage 0.770 0.354 1.033 0.019
Adjuvant chemotherapy 0.454 0.277 0.609 0.073
Comorbidity 0.391 0.189 0.687 0.139

HR, hazard ratio; Cl, confidence interval; ECOG, Eastern Cooperative Oncology Group.

those in the radiotherapy group (Figure 1B, P<0.05).

Surgery is an independent prognostic factor for predicting
the OS of stage III-N2 NSCLC patients

A univariate analysis was conducted to assess the prognostic
value of surgery for predicting OS of stage I1I-N2 NSCLC
patients. The results indicated that age, T stage, surgery,
disease stage, and adjuvant chemotherapy were critical
factors influencing OS. Multivariate analysis was also
performed to verify the respective effects of the above
factors. The multivariate proportional hazards model
findings showed that the age, T stage, surgery, disease
stage, and adjuvant chemotherapy were the independent
prognostic predictors for OS of stage III-N2 NSCLC
patients (Table 4).

Discussion

Clinically, stage III-N2 NSCLC patients generally
demonstrate a higher degree of heterogeneity due to the
characteristics of the lymph nodes involved. Therefore, the
treatment of stage III-N2 NSCLC is also considered to be
the most controversial issue for lung cancer therapy (3). The
newest American Joint Committee on Cancer (version 8)
has categorized the stage III-N2 into stages III-N2al,
III-N2a2, and III-N2b, according to the extent of nodal
involvement affecting OS and the survival of lung cancer
patients.

It has been extensively accepted that surgery resection is
not an appropriate strategy for the treatment of advanced-
stage lung cancer patients (12). In fact, few stage III lung
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cancer patients undergo surgery and/or chemotherapy;
however, radiotherapy has been proven to be more
favorable for treating these patients (13). Also, surgery
is not recommended for patients diagnosed with N2
involvement but induction treatment followed by surgery is
recommended for patients with minimal nodal involvement
or microscopic nodal involvement (3). Therefore, the
effectiveness of the surgery for treating stage III NSCLC
patients remains controversial, as described by the previous
reports (14).

Therefore, in this study, we included a total of 204 stage
III-N2 NSCLC patients to verify the abovementioned
controversial issues. We proved that stage III-N2 NSCLC
patients who underwent surgery demonstrated better OS
compared to those who received radiotherapy. As for the
beneficial effects of surgery for treating stage III lung
cancer patients, the present findings are consistent with
those of a previous study (7) but are also inconsistent with
some surgery-treated lung cancers (15,16).

In recent years, numerous studies have shown that
surgical treatment provides a remarkably improved 5-year
survival rate for stage I or stage II lung cancer patients
compared to those undergoing other treatments (17-19).
Therefore, surgery could also be considered to be a
promising treatment for some limited-stage lung cancers.
Liu ez al. (20) reported that surgery-based treatment could
improve the survival of most stage I SCLC patients as well
as a proportion of stage II/III patients. In our study, the
survival of stage III-N2 NSCLC patients who underwent
the surgery was evaluated to be 29.87 months, which was
significantly longer than that of patients who received

radiotherapy. It might be that the stage III-N2 NSCLC
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patients who received radiotherapy initially achieved an
improvement due to the clearance of sensitive tumor cells.
However, insensitive tumor cells are also alive and could be
amplified thereafter, which could make radiotherapy less
effective. Moreover, the multivariate proportional hazards
models showed that age, T stage, surgery, disease stage, and
adjuvant chemotherapy were the independent prognostic
predictors for the OS of stage III-N2 NSCLC patients.
Therefore, surgery would be a favorable treatment strategy
for advanced-stage lung cancer. We would recommend
that doctors utilize surgery more widely in the treatment of
stage III-N2 NSCLC patients.

However, this study also showed the limitation that
the sample size of the patients in two groups was small,
which could influence the significant comparative value. In
the following study, we would involve a large number of
patients to further confirm the findings in this study.

Conclusions

In this study, we demonstrated that surgery is associated
with improved OS of stage III-N2 NSCLC patients. Thus,
for stage III-N2 NSCLC patients, we recommend that
surgery is applied clinically. Furthermore, surgery and
adjuvant chemotherapy could be combined or coordinated
for the individualized therapy of NSCLC patients.
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