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Purpose: Inflammatory biomarkers and clinical pathological factors have been reported to 
predict survival of patients with non-small cell lung cancer (NSCLC). The goal of this study 
was to identify risk factors for early recurrence in patients with pIIIA-N2 NSCLC who had 
undergone radial resection.
Methods: A retrospective analysis was conducted on 238 patients with pIIIA-N2 NSCLC who 
underwent surgical treatment at the First Affiliated Hospital of Wenzhou Medical University 
between December 2006 and August 2018. The early recurrence (ER) group included patients 
who recurred within one year of curative resection, while the non-early recurrence (NER) group 
included patients who did not recurrence or recurrence beyond one year. The univariate and 
multivariate Cox proportional risk analyses were used to identify prognostic factors associated 
with early recurrence, while the chi-square test was used for categorical data. Overall survival 
and recurrence-free survival were assessed by Kaplan–Meier estimates.
Results: A total of 69 patients experienced an early recurrence, while the remaining 169 
patients did not relapse within one year. ER patients had a much worse prognosis than NER 
patients, with median survival times of 20.6 and 83.1 months, respectively. Multivariate 
analysis showed that smoking status, tumor size, metastatic lymph node ratio (LNR) and 
platelet-to-lymphocyte ratio (PLR) were independent risk factor of early recurrence. Patients 
with early recurrence were more likely to develop bone metastases.
Conclusion: Smoking history, large tumour size, and elevated LNR and PLR values in 
pIIIA-N2 NSCLC patients after complete resection may have a significant risk of early 
recurrence. Based on these independent risk indicators, this prediction model may success-
fully predict early recurrence and advise individual treatment.
Keywords: non-small cell lung cancer, early recurrence, risk factors, inflammatory 
biomarkers, prognosis

Introduction
Lung cancer has long been thought to be the leading cause of cancer-related 
deaths.1 non-small cell lung cancer (NSCLC) is the most common type of lung 
cancer, accounting for about 85% of all cases. Within NSCLC, 15% of patients 
were diagnosed with stage pIIIA-N2 disease.2,3 pIIIA-N2 NSCLC is locally pro-
gressed NSCLC with heterogeneity. The optimal treatment of NSCLC is still up for 
debate.4–7 The main treatment for resectable pIIIA-N2 NSCLC is surgery, however, 
survival following resection is unsatisfactory, with a 5-year Overall survival (OS) 
rate ranging from 10% to 47.4%.5,8–14 Early postoperative recurrence is the greatest 
stumbling block to long-term survival, thus predicting early recurrence should help 
doctors choose the best treatment and so prolong longevity.
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Some studies have found clinical and pathologic factors 
can be effective predictors for stage pIIIA-N2 NSCLC, such 
as age,15 smoking status,16 histological subtype,17 tumor 
size,18 metastatic lymph node ratio (LNR),15,16 

N status,15,19 histological differentiation degree.15 Systemic 
inflammatory responses have been linked to tumor develop-
ment, invasion and metastasis in recent years.20–22 It has been 
revealed that inflammation-based scores and nutrition index 
such as neutrophil-to-lymphocyte ratio (NLR),23 lympho-
cyte-to-monocyte ratio (LMR),24 platelet-to-lymphocyte 
ratio (PLR),25,26 C-reactive protein-to-albumin ratio 
(CAR),27 advanced lung cancer inflammation index 
(ALI),28 Systemic immune-inflammation index (SII),29 and 
prognostic nutritional index (PNI)30 are related to the recur-
rence and prognosis of NSCLC. However, few studies have 
looked into the link between these variables and early recur-
rence in pIIIA-N2 NSCLC patients, therefore more research 
is needed.

In this study, we systematically evaluated the influence 
of clinical, pathologic, and inflammatory markers on the 
early recurrence and prognosis of stage pIIIA-N2 NSCLC 
after surgery.

Materials and Methods
Patients
The study was carried out in compliance with the 
Declaration of Helsinki and was approved by the ethics 
committee of the First Affiliated Hospital of Wenzhou 
Medical University. We screened 310 patients with patho-
logically verified IIIA-N2 NSCLC (according to version 8 
of the International Association for the Study of Lung 
Cancer TNM Staging System) who had resection at the 
First Affiliated Hospital of Wenzhou Medical University 
between December 2006 and August 2018. 238 patients 
were finally enrolled after excluding those who were lost 
to follow-up within one year, had partial data missing, had 
received neoadjuvant therapy, had a second primary tumor, 
and had been diagnosed with active systemic inflammation 
or were taking immunosuppressants. The early recurrence 
(ER) group included patients who relapsed within one year 
of surgery, whereas the non-early recurrence (NER) group 
included patients who relapsed after one year and did not 
relapse at the last follow-up (Figure 1).

Data Collection
Clinical pathological data including gender, age, smoking 
status, body mass index, tumor localization, surgery type, 

histological subtype, pathological tumor size, N status, LNR, 
postoperative adjuvant therapy, preoperative inflammatory 
biomarkers, such as NLR, LMR, PLR, ALI, SII, and PNI. 
Based on the lymph node reclassification of the International 
Association for the Study of Lung Cancer (IASLC), we 
categorized these patients into three groups: pN2a1 (single 
N2 station with skip metastases), pN2a2 (single N2 with N1 
station) and pN2b (multiple N2 station involvement). The 
LNR was calculated as the proportion of metastatic lymph 
nodes to all dissected lymph nodes. All inflammatory marker 
values were determined using information from the most 
recent preoperative blood tests, usually within a week before 
surgery. NLR and PLR were calculated by dividing the 
number of neutrophils and platelets by the number of lym-
phocytes. ALI was calculated by multiplying BMI by serum 
albumin/NLR. SII was a novel systemic immune- 
inflammation index which was calculated by multiplying 
neutrophils and platelets followed by dividing lymphocytes, 
and PNI was an indicator of immunonutritional status which 
was calculated by combining albumin with 5 times the 
absolute number of lymphocytes.

Postoperative Follow-Up Evaluation
Lab tests, including routine examination, blood biochem-
ical measurement, and tumor indicators, were performed 
every 1 to 3 months during follow-up examinations after 
hospital discharge. During the first two years, imaging 
examinations such as ultrasound and computed tomogra-
phy (CT) are conducted every three months, and then 
every six months for the next three years. CT, brain mag-
netic resonance imaging (MRI), bone scan, and positron 
emission tomography (PET) were used to evaluate recur-
rent or metastatic disease when signs of recurrence 
appeared. Doctors diagnosed recurrence based on clinical 
symptoms and imaging examination results, and if neces-
sary, a pathology examination was undertaken.

Statistical Analysis
The main endpoint of this study is recurrence-free survival 
(RFS) which was defined as the time from the date of 
surgery to the date of recurrence or distal metastasis. If no 
events have occurred until the last follow-up, RFS is 
calculated as the interval between surgery and the last 
follow-up date. OS is the secondary endpoint, it was 
defined as the time from surgery to either death from any 
cause or last follow up. The Yorden index (sensitivity + 
specificity −1) and the area under the curve (AUC) were 
calculated by plotting the receiver operating characteristic 
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(ROC) curves of patients’ risk factor levels. Optimal 
thresholds for preoperative risk factors were determined 
and continuous variables were converted to categorical 
variables. Because of the substantial discrepancy in patient 
numbers in the two groups separated by the Optimal 
thresholds, the LMR, ALI and PNI were finally divided 
into two groups by the median values. AUC values 
obtained using ROC curves were also used to evaluate 
the ability of risk factors and the prediction model to 
predict early recurrence. The significant differences 
between categorical variables were compared using 
Pearson’s Chi-squared test or Fisher’s exact test. 
Univariate and multivariate Cox regression analyses were 
performed to estimate the relationship between each factor 
and the RFS. The independent impact factors and hazard 
ratios (HR) were obtained by multivariate Cox analysis. 
For each risk factor, the risk score of control group (the 
group with smaller value) was defined as 0 points, and the 
risk scores of other groups were defined as rounded HR 
values.The total risk score is the sum of the actual scores 
of all independent impact factors and based on this 

patients are classified as low-, medium- and high-risk 
groups. The survival curves of RFS and OS were esti-
mated using the Kaplan-Meier method, the Log rank test 
was used for comparisons. Two-sided P values less than 
0.05 were considered statistically significant. All statistical 
analyses were conducted using the IBM SPSS statistics 
software package, version 26.0.

Results
Patient Characteristics
The baseline characteristics of the patients are shown in 
Table 1. A total of 238 individuals were included in our 
study, with 132 (55.5%) males and 106 (44.5%) females. 
The median age was 63 years old (range 39–83). At the 
time of diagnosis, 18.5% of patients were overweight, 
according to the WHO BMI classification. Lobectomies 
were performed in 95% of patients. Lung adenocarcinoma 
accounts for more than 70% of cases. Adjuvant che-
motherapy was accepted by 58.4% of patients after sur-
gery, while 15.5% of patients with genetic mutations 
received targeted therapy. The median follow-up time 

Figure 1 Flow chart of eligible patients enrolled in this study.
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Table 1 Baseline Characteristics of All Patients

Variables All Patients  
N=238

ER NER P value
N=69 N=169

Gender, n (%) Male 132 (55.5) 45 (65.2) 87 (51.5) 0.053
Female 106 (44.5) 24 (34.8) 82 (48.5)

Age, n (%) ≤65 160 (67.2) 43 (62.3) 117 (69.2) 0.303
>65 78 (32.8) 26 (37.3) 52 (30.8)

Smoking status, n (%) Yes 82 (34.5) 32 (46.4) 50 (29.6) 0.013
No 156 (65.5) 37 (53.6) 119 (70.4)

Body mass index, kg/m2, n (%) <18.5 16 (6.7) 7 (10.1) 9 (5.3) 0.192
18.5–25 178 (74.8) 53 (76.8) 125 (74.0)

≥25 44 (18.5) 9 (13.0) 35 (20.7)

Tumor localization, n (%) Left lung 95 (40.0) 26 (37.7) 69 (40.8) 0.653
Right lung 143 (60.0) 43 (62.3) 100 (59.2)

Surgery type, n (%) Open 83 (34.9) 32 (46.4) 51 (30.2) 0.017
VATS 155 (65.1) 37 (53.6) 118 (69.8)

Extent of surgical resection, n (%) Wedge resection 1 (0.4) 0 (0) 1 (0.6) 0.843
Segmentectomy 1 (0.4) 0 (0) 1 (0.6)

Lobectomy 226 (95.0) 66 (95.7) 160 (94.7)

Pneumonectomy 10 (4.2) 3 (4.3) 7 (4.1)

Histological subtype, n (%) AD 170 (71.4) 44 (63.8) 126 (74.6) 0.168
SQ 60 (25.2) 21 (30.4) 39 (23.1)

Other 8 (3.4) 4 (5.8) 4 (2.4)

Tumor size, cm, n (%) ≤2.95 104 (43.7) 17 (24.6) 87 (51.5) 0.0001
>2.95 134 (56.3) 52 (75.4) 82 (48.5)

N status, n (%) pN2a1 72 (30.3) 12 (17.4) 60 (35.5) 0.016
pN2a2 46 (19.3) 18 (26.1) 28 (16.6)

pN2b 120 (50.4) 39 (56.5) 81 (47.9)

The number of examined lymph nodes ≤10 65 (27.3) 14 (20.3) 51 (30.2) 0.120
>10 173 (72.7) 55 (79.7) 118 (69.8)

LNR, n (%) ≤0.16 77 (32.4) 15 (21.7) 62 (36.7) 0.025
>0.16 161 (67.6) 54 (78.3) 107 (63.3)

Adjuvant therapy, n (%) No 62 (26.1) 22 (31.9) 40 (23.7) 0.213
Chemotherapy 139 (58.4) 40 (58.0) 99 (58.6)

Targeted therapy 37 (15.5) 7 (10.1) 30 (17.8)

NLR, n (%) ≤2.51 147 (61.8) 34 (49.3) 113 (66.9) 0.011
>2.51 91 (38.2) 35 (50.7) 56 (33.1)

LMR, n (%) ≤3.54 119 (50) 40 (58.0) 79 (46.7) 0.116
>3.54 119 (50) 29 (42.0) 90 (53.3)

PLR, n (%) ≤139 121 (50.8) 23 (33.3) 98 (58.0) 0.001
>139 117 (49.2) 46 (66.7) 71 (42.0)

ALI, n (%) ≤42.44 119 (50.0) 44 (63.8) 75 (44.4) 0.007
>42.44 119 (50.0) 25 (36.2) 94 (55.6)

SII, n (%) ≤327 63 (26.5) 8 (11.6) 55 (32.5) 0.001
>327 175 (73.5) 61 (88.4) 114 (67.5)

(Continued)
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was 43.5 months (range 2–170). During this period, ER 
occurred in 69 patients (29.0%) whereas the remaining 
169 patients who either recurred after 1 year from surgery 
(n=109) or did not recur (n=60) were assigned to the NER 
group. The optimal thresholds according to ROC curve 
analyses of age, tumor size, LNR, NLR, PLR and SII 
were 65 years [AUC=0.535 (95% CI=0.53–0.616), sensi-
tivity=0.377, specificity=0.692, p=0.403], 2.95cm 
[AUC=0.634 (95% CI=0.558–0.710), sensitivity=0.507, 
specificity=0.669, p=0.001], 0.16 [AUC=0.575 (95% 
CI=0.497–0.653), sensitivity=0.783, specificity=0.367, 
p=0.071], 2.51 [AUC=0.588 (95% CI=0.507–0.669), sen-
sitivity=0.507, specificity=0.667, p=0.033], 139 
[AUC=0.623 (95% CI=0.546–0.701), sensitivity=0.667, 
specificity=0.580, p=0.003] and 327 [AUC=0.605 (95% 
CI=0.530–0.680), sensitivity=0.884, specificity=0.325, 
p=0.011], respectively. The selected cut-off values of 
LMR, ALI and PNI were their median values of 3.54, 
42.44 and 48.6. Significant differences between the ER 
and NER groups were observed in the smoking status 
(p=0.013), surgery type (p=0.017), tumor size 
(p=0.0001), lymph node metastases (p=0.016), LNR 
(p=0.025), NLR (p=0.011), PLR (p=0.001), ALI 
(p=0.007) and SII (p = 0.001).

Univariate and Multivariate Analysis of 
Risk Factors for Early Recurrence
The results of univariate analysis using a Cox proportional 
hazard regression model for ER and NER groups are 
shown in Table 2. In univariate analyses, gender, smoking 
status, tumor size, surgery type, lymph node metastases, 
LNR, NLR, PLR, ALI and SII were clearly associated 
with early recurrence (p<0.05). After that, we used these 
risk factors in multivariate analysis, which revealed 
a correlation in univariate analysis. The results identified 
that smoking status (p=0.008, HR=1.895), tumor size 
(p=0.001, HR=2.511), LNR (p=0.012, HR=2.098), and 

PLR (p=0.01, HR=1.962) were all found to be independent 
risk factors for early recurrence (Table 3).

Recurrence Location in the ER and NER 
Group
The proportion and comparison of recurrence sites 
between different groups are shown in Table 4. A total 
of 178 patients experienced recurrence after surgery. The 
most common recurrence site in the ER group was the 
bone. There were 18 patients (26.1%) with bone metas-
tases in ER group, significantly more frequent than 9 
patients (5.3%) in NER group (p=0.001). The most com-
mon recurrence site in NER group was the lung. There 
were 35 patients (20.7%) exhibited lung metastasis in the 
NER group, while 14 (20.3%) had lung metastases in the 
ER group. Two or more metastases were found in 13 
patients (18.8%) in the ER group and 16 patients (9.5%) 
in the NER group.

Survival Analysis Findings
The recurrence-free survival curves of all patients, ER and 
NER groups are shown in Figure 2A and B. The median 
RFS for overall patients was 23.2 months, with 3- and 
5-year recurrence-free survival rates of 37.9% and 22.9%, 
respectively. The median RFS in the ER group was 6.93 
months which was significantly lower than that in the NER 
group [median 36.6 months, (p<0.0001)]. For all patients, 
the median OS time was 58 months, with 3- and 5-year 
recurrence-free survival rates of 65.1% and 49.8% 
(Figure 2C). The median OS time for the ER and NER 
groups was 20.6 and 83.1 months, respectively 
(p<0.0001), and the ER group had 3- and 5-year survival 
rates of 31.9% and 16.1%, compared with 78.0% and 
62.5% in the NER group (Figure 2D).

Construction of the Prediction Model
The risk score of never smoker, tumor size ≤2.95, LNR 
≤0.16 and PLR ≤139 was 0 points, the risk score of 

Table 1 (Continued). 

Variables All Patients  
N=238

ER NER P value
N=69 N=169

PNI, n (%) ≤48.6 119 (50.0) 36 (52.2) 83 (49.1) 0.668
>48.6 119 (50.0) 33 (47.8) 86 (50.9)

Abbreviations: ER, early recurrence; NER, non-early recurrence; VATS, video-assisted thoracoscopic surgery; AD, adenocarcinoma; SQ, squamous cell carcinoma; LNR, 
lymph node ratio; NLR, neutrophil-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio; PLR, platelet-to-lymphocyte ratio; ALI, advanced lung cancer inflammation 
index; SII, systemic immune-inflammation index; PNI, prognostic nutritional index.
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Table 2 Univariate Analyses of Risk Factors Associated with Early Recurrence

Variable HR 95% CI P value

Gender Male vs Female 1.643 1.001–2.697 0.005

Age, years >65 vs ≤65 1.269 0.78–2.065 0.338

Smoking status Smoker vs Never smoker 1.881 1.172–3.021 0.009

Body mass index, kg/m2 18.5–25 vs <18.5 0.695 0.316–1.528 0.365
≥25 vs <18.5 0.439 0.163–1.179 0.102

18.5–25 vs ≥25 1.583 0.781–3.209 0.203

Histological subtype SQ vs AD 1.421 0.845–2.39 0.186
Other vs AD 2.4 0.861–6.686 0.094

SQ vs.Other 0.592 0.203–1.725 0.337

Tumor size, cm >2.95 vs ≤2.95 2.733 1.58–4.728 0.0001

Surgery type VATS vs Open 0.566 0.352–0.908 0.018

Extent of surgical resection Lobectomy vs Pneumonectomy 1.004 0.316–3.195 0.994

Tumor localization Right vs Left 1.104 0.679–1.797 0.69

N status pN2a2 vs pN2a1 2.584 1.244–5.365 0.011
pN2b vs pN2a1 2.2 1.152–4.203 0.017

pN2a2 vs pN2b 1.174 0.672–2.053 0.573

The number of examined lymph nodes >10 vs ≤10 1.591 0.885–2.861 0.105

LNR >0.16 vs ≤0.16 1.816 1.025–3.218 0.041

Adjuvant therapy Chemotherapy vs No 0.77 0.458–1.296 0.325
Targeted therapy vs No 0.463 0.198–1.084 0.076

Chemotherapy vs Targeted therapy 1.664 0.745–3.715 0.214

NLR >2.51 vs ≤2.51 1.853 1.156–2.972 0.01

LMR >3.54 vs ≤3.54 0.699 0.433–1.127 0.142

PLR >139 vs ≤139 2.426 1.47–4.006 0.001

ALI >42.44 vs ≤42.44 0.524 0.32–0.856 0.01

SII >327 vs ≤327 3.103 1.484–6.486 0.003

PNI >48.6 vs ≤48.6 0.895 0.558–1.436 0.646

Abbreviations: ER, early recurrence; NER, non-early recurrence; VATS, video-assisted thoracoscopic surgery; AD, adenocarcinoma; SQ, squamous cell carcinoma; LNR, 
lymph node ratio; NLR, neutrophil-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio; PLR, platelet-to-lymphocyte ratio; ALI, advanced lung cancer inflammation 
index; SII, systemic immune-inflammation index; PNI, prognostic nutritional index.

Table 3 Multivariate Analyses of Risk Factors Associated with Early Recurrence

Variable HR 95% CI P value Risk Score

Smoking status (Smoker vs Never smoker) 1.895 1.178–3.048 0.008 2 vs 0

Tumor size (>2.95 vs ≤2.95) 2.511 1.43–4.409 0.001 3 vs 0

LNR (>0.16 vs ≤0.16) 2.098 1.178–3.738 0.012 2 vs 0
PLR (>139 vs ≤139) 1.962 1.173–3.28 0.01 2 vs 0

Abbreviations: HR, hazard ratio; CI, confidence interval; LNR, lymph node ratio; PLR, platelet-to-lymphocyte ratio.
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smoker, LNR >0.16 and PLR >139 was 2 points and the 
risk score of tumor size >2.95 was 3 points (Table 3).The 
patients were further classified into three subgroups based 
on the value of total risk scores from four independent risk 
factors. Low-risk group included 74 patients (31.1%) with 

risk score 0–3; median-risk group included 92 patients 
(38.7%) with risk score 4–6; and high-risk group included 
72 patients (30.3%) with risk score 7–9. The Kaplan-Meier 
curves of RFS and OS showed that a higher risk group was 
associated with shorter RFS and OS (Figure 3). The med-
ian RFS time in the low-, median-, and high-risk groups 
was 39.0, 18.9, and 10.5 months. The 3- and 5-year RFS 
rates in these group were 56.8% and 27.1%, 32.9% and 
21.4%, 23.9% and 18.6%, respectively. There was 
a significant difference between the groups (p=0.001). 
The median OS time in the low-, median-, and high-risk 
groups was 83.5, 48.0, and 32.5 months, respectively. The 
low-risk group had 3- and 5-year OS rates of 87.7% and 
71.4%, compared with 60.9% and 48.2%, 48.6% and 
32.6% in the median- and high-risk groups, respectively. 
These differences between groups were also significant (P 
= 0.001). Using this model to predict early recurrence, the 
AUC value obtained from ROC curve is 0.723 (95% 
CI=0.654–0.793), p<0.0001, indicating that the prediction 
model has good discrimination ability.

Table 4 Sites of Recurrence After Curative Resection in the 178 
Recurred Patients

Recurrence Site ER Group NER Group P value

N=69 N=109

Single site 56 (81.2%) 93 (85.3%) 0.464
Lung 14 (20.3%) 35 (20.7%) 0.085

Brain 7 (10.1%) 22 (13.0%) 0.077

Lymph node 10 (14.5%) 18 (10.7%) 0.718
Bone 18 (26.1%) 9 (5.3%) 0.001

Chest wall 1 (1.4%) 3 (1.8%) 0.568

Pleura 3 (4.3%) 1 (0.6%) 0.132
Liver 3 (4.3%) 2 (1.2%) 0.323

Other 0 (0%) 3 (1.8%) 0.165

Multiple sites 13 (18.8%) 16 (9.5%) 0.464

Abbreviations: ER, early recurrence; NER, non-early recurrence.

Figure 2 Kaplan–Meier survival curve for RFS (A and B) and OS (C and D) of overall patients and patients in ER and NER groups.
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Discussion
The overall 5-year OS and RFS rates of 49.8% and 22.9% 
in this study were quite similar to those reported by 
Hirofumi et al (46% and 24%).31 Early postoperative 
recurrence in individuals with NSCLC has been linked to 
a poor prognosis in several studies.32 In our study, we 
reached the same conclusion, with the median OS for the 
ER and NER groups being 20.6 and 83.1 months, respec-
tively. Therefore, it is critical to identify risk factors for 
early recurrence and this may improve the survival rate of 
patients with stage pIIIA-N2 NSCLC. Previous research, 
on the other hand, did not focus solely on prognosis 
factors for early recurrence. In this study, we analyzed 
the prognostic value of clinical, pathological, and 

biological features of 238 patients with stage pIIIA-N2 
NSCLC. Our results indicated that smoking status, tumor 
size, LNR, and PLR are all independent risk factors for 
early recurrence.

Smoking is the major cause of lung cancer, with habi-
tual smokers having a nearly 25-fold greater risk of lung 
cancer compared to non-smokers.33 Furthermore, smokers 
account for approximately 90% of all lung cancer 
mortality.34 In addition, Wen et al indicated that smoking 
history is an independent predictor of RFS in NSCLC 
patients.16 Our study also found that early recurrence is 
more likely in smokers. To conclude, smoking not only 
increases the risk of lung cancer but also linked to early 
postoperative recurrence and a poor prognosis. Smokers 

Figure 3 Kaplan–Meier survival curve for RFS (A) and OS (B) of patients with different risk groups.
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should be educated about the need of quitting smoking and 
encouraged to participate more actively in postoperative 
follow-up.

Tumor size is a clinically validated predictive factor 
and a risk factor for cancer metastasis. Recurrence risk 
was significantly higher in patients with larger tumors of 
30–50 mm compared to those with a medium tumor of 20– 
30 mm in a research by Dariusz Adam et al.35 In another 
investigation, Hirofumi et al demonstrated that tumor size 
>30 mm was an independent predictive factor for OS and 
RFS in pN2 NSCLC patients.31 Our study used a ROC 
curve analysis to determine the optimal cut-off value of 
2.95 cm and discovered that tumor size >2.95 cm was 
a statistically significant predictor than tumor size 
≤2.95 cm. This could be due to the fact that when the 
tumor is large, local invasion and metastasis are more 
likely to occur.

For patients with NSCLC, lymph node metastasis is 
another key prognostic predictor of survival. Several stu-
dies have demonstrated that LNR is a reliable predictor of 
survival and postoperative recurrence in resectable 
NSCLC patients with lymph node metastasis.36–39 

However, the cut-off values of LNR differed among 
these reports, ranging from 0.12 to 0.34. Our study is the 
first to specially demonstrate that LNR is an independent 
predictor of early recurrence in stage pIIIA-N2 NSCLC 
undergoing curative resection. The cut-off value used in 
our study was 0.16. Patients with LNR >0.16 had almost 
double the risk of early recurrence compared to those with 
LNR ≤0.16 (p=0.012). The relationship between N status 
and prognosis remains controversial, Isaka et al found that 
pN2a1 had a statistically significant lower local recurrence 
rate than pN2a2.40 On the contrary, studies from Aksoy 
et al and Dziedzic et al found there was no significant 
difference in survival across patients with various 
N statuses.41,42 In our study, pN2a1 patients had a better 
RFS in univariate analysis than pN2a2 and pN2b patients, 
however, no significant difference was identified in multi-
variate analysis.

Current guidelines propose adjuvant chemotherapy or 
adjuvant targeted therapy following surgery for patients 
with pIIIA-N2 NSCLC. In this study, the HR of recurrence 
in patients who underwent postoperative chemotherapy or 
targeted therapy was 0.77 and 0.463, respectively, but not 
statistically significant. To identify the effects of different 
postoperative therapies on recurrence, larger sample size 
studies may be required.

Systemic inflammatory response plays a key role in 
cancer growth, development, invasion, and metastasis.43 

Inflammatory biomarkers such as the NLR, LMR, PLR, 
ALI, and SII have recently been discovered to be effective 
indicators of prognosis in patients with NSCLC.23–26,28,29 

However, the selection of these markers is under-defined 
and varied from study to study. NLR, PLR, ALI, and SII 
were found to be significant risk factors for early recur-
rence in the current study’s univariate analysis, while PLR 
was the only independent factor in the multivariate. PLR 
>139 was linked to a greater probability of early recur-
rence in this study. To finally clarify which inflammatory 
signals are linked to early recurrence in stage pIIIA-N2 
NSCLC, a large-scale study is required.

Incorporating pertinent clinical, pathological, and bio-
logical aspects into our investigation resulted in a much- 
improved prediction model in our study. The predictive 
value of the model (AUC=0.723) is better than single 
independent risk factors compared to smoking status 
(AUC=0.584), tumor size (AUC=0.634), LNR 
(AUC=0.575) and PLR (AUC=0.623). The data required 
by this model is easy to obtain and the scoring method is 
simple and convenient. Therefore, this model could be 
useful in identifying appropriate postoperative treatment 
for doctors in the future. Following the detection of 
a higher risk of recurrence, more proactive follow-up and 
therapy may be required. There is considerable discussion 
in the medical community about whether patients with 
pIIIA-N2 NSCLC should receive postoperative 
radiation.44–47 According to some studies, patients in the 
high-risk group should consider and may benefit from 
postoperative radiation. However, clinical evidence of its 
benefit is required to support the claim. Since the bone is 
the most common metastatic site for early recurrence in 
our study, it may be required to pay particular considera-
tion to bone metastasis in high-risk individuals. For 
patients with median risk, the advantages and disadvan-
tages according to the age and physical condition should 
be weighed to decide postoperative treatment. And for 
patients with low risk, treatment options may be inclined 
to be more conservative.

There were some limitations to the current investiga-
tion. First, this was a retrospective study conducted at 
a single institution with a limited sample size and therefore 
patient selection bias was inevitable Second, postoperative 
follow-up time was limited especially for patients diag-
nosed after 2017. Moreover, patients’ postoperative fol-
low-up intervals were varied. As a result, the recurrence 
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time calculated may be inaccurate. To assess the signifi-
cance of clinical, pathological, and biological variables in 
predicting early recurrence for patients with pIIIA-N2 
NSCLC, more prospective multicenter studies with larger 
populations are needed.

Conclusion
In conclusion, early recurrence after complete resection is 
associated with a poor prognosis in patients with pIIIA-N2 
NSCLC. Tumor size, smoking status, LNR, and PLR are 
all major risk factors for early recurrence. A prediction 
model was developed based on these four independent risk 
indicators, and it was useful in identifying patients at high 
risk. Our findings could be crucial in assessing persona-
lized treatment options for patients.
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