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Introduction

Lung cancer has been reported to be the leading cause 
of cancer mortality worldwide, and approximately 85% 
of primary lung cancer diagnoses are non-small cell lung 

cancer (NSCLC) (1). Even though surgery remains the 

mainstay of treatment for NSCLC, early recurrence 

often occurs even in patients who undergo curative-intent 

resection, early recurrence often develops even in patients 
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with early disease who undergo complete resection, and the 
recurrence risk in NSCLC varies throughout the follow-up 
duration (2,3). 

Recently, it has been widely recognized that systemic 
inflammatory responses substantially contribute to tumor 
development, tumor invasion, metastatic spread, and 
enhancement of local immunosuppression (4-7), and it has 
been reported that systemic inflammation and malnutrition 
are correlated with a poor prognosis in various cancers. 
In addition, inflammation-based scores, including the 
C-reactive protein/albumin ratio (CAR) (8,9), neutrophil-
to-lymphocyte ratio (NLR) (10,11), platelet-to-lymphocyte 
ratio (PLR) (12,13), Glasgow prognostic score (GPS) 
(14,15), modified GPS (mGPS) (16,17), Systemic immune-
inflammation index (SII) (18,19), and advanced lung cancer 
inflammation index (ALI) (20) have been validated in 
NSCLC. 

Although these previous studies simply analyzed the total 
risks of events using cumulative incidence curves plotted 
by the Kaplan-Meier method, such curves do not provide 
direct information on changes in event-specific hazard 
rates during the follow-up period. To our knowledge, 
the relationship between the timing of recurrence and 
inflammation-based scores has never been evaluated using 
hazard curves. It is necessary not only to determine the total 
risk of recurrence but also to ascertain when recurrence 
is most likely to develop. In addition, to understand how 
the preoperative inflammation-based scores are related to 
changes in the recurrence risk over time would be beneficial 
to achieve a more efficient follow-up surveillance.

Therefore, in the present study, we evaluated the 
influence of inflammation-based scores on the timing of 
recurrence after complete resection for NSCLC.

We present the following article in accordance with the 
REMARK reporting checklist (available at http://dx.doi.
org/10.21037/jtd-20-3458).

Methods 

Study design

This study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study 
was approved by the institutional ethics board of National 
Hospital Organization Yokohama Medical Center (No. 
2019-11), and individual consent for this retrospective 
analysis was waived. The patients’ records of 448 subsets 
who underwent complete resection of NSCLC from 

January 2010 to December 2019 were investigated. Patients 
who died during the immediate postoperative period, 
those with recurrence within 3 months after surgery, those 
with acute infection (e.g., empyema, pneumonia), those 
with active double cancer, those who underwent induction 
chemotherapy, those with history of surgery for NSCLC, 
and those taking corticosteroids or immunosuppressive 
drugs were excluded. Finally, 387 patients (233 men, 154 
women) with a single primary tumor were enrolled in this 
study (Figure 1).

Routine preoperative staging investigations were 
performed using high-resolution computed tomography 
(HRCT) of the chest and abdomen combined with 
brain imaging, bone scintigraphy or positron emission 
tomography (PET), and tumors were staged according to 
the tumor, lymph node, and metastatic Classification of 
Malignant Tumors, seventh edition (21). A single primary 
tumor was diagnosed in all patients, and no patients had a 
history of lung cancer (excluding those with multicentric 
cancers).

Definition of inflammation-based scores

GPS was calculated based on the CRP and albumin 
values. Patients with high CRP levels (>1.0 mg/dL) and 
hypoalbuminemia (<3.5 g/dL) were assigned a score of 
2, while those with high CRP levels (>1.0 mg/dL) or 
hypoalbuminemia (<3.5 g/dL) were assigned a score of 
1, and those with normal CRP and albumin levels were 
assigned a score of 0. Regarding modified GPS (mGPS), 
patients with high CRP (>0.3 mg/dL) and hypoalbuminemia 
(<3.5 g/dL) were assigned a score of 2, while those with only 
a high CRP level were assigned a score of 1, and those with 
a normal CRP level were a assigned a score of 0, irrespective 
of the albumin values. The CAR was calculated from the 
serum CRP value divided by the serum albumin value. The 
SII was calculated as neutrophils × platelets/lymphocytes, 
and the NLR was simply determined as the number of 
neutrophils divided by the number of lymphocytes. The 
PLR was defined as the number of platelets divided by the 
number of lymphocytes, and the ALI was calculated as the 
product of the body mass index (BMI) and albumin divided 
by the NLR. All inflammation-based scores were calculated 
from the preoperative routine laboratory data.

Patient follow-up

Follow-up evaluations included physical examination, 
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chest radiography, and CT scanning of the chest and 
abdomen. In general, CT was performed every six months 
in the first two years after surgery and annually thereafter. 
Additional imaging studies including CT, brain MRI, bone 
scintigraphy, and PET were performed for patients with 
any signs or symptoms of recurrence as required.

Recurrence was diagnosed with the assistance of a radio-
oncologist based on the findings of a physical examination 
and diagnostic imaging findings, and it was histologically 
or cytologically confirmed if necessary. Cases with second 
primary lung cancers defined as a single lung lesion 
occurring after a prior resection (22,23) were excluded.

Statistical analyses

Continuous variables were presented as the mean and 
standard deviation, while categorical variables were presented 
as the frequencies and percentage. Two-category comparisons 
were performed by Student’s t-test and Fisher’s exact test. 

The recurrence-free survival (RFS) was defined as 
the interval between the date of surgery to the date of 
recurrence or death, and patients without any events were 
censored on the date of the last follow-up. The RFS was 
analyzed using the Kaplan-Meier method with the log-rank 
test. The muhaz package for smoothing a hazard function 

for censored data proposed by Müller and Wang (24)  
was used to estimate the hazard curves. The cut-off values 
of the CAR, NLR, PLR, SII, and ALI to test the predictive 
ability for disease recurrence were determined by a 
receiver operating characteristic (ROC) curve analysis. A 
multivariate Cox regression analysis adjusting for the age, 
sex, smoking status, BMI, surgery type, surgical procedure, 
and pathological stage was performed to evaluate the 
relationship between inflammation-based scores and 
the RFS. All analyses were conducted using R 3.6.2 (R 
Foundation for Computing, Vienna, Austria) software 
programs. P values of less than 0.05 were considered to 
indicate statistical significance. A professional statistician 
reviewed and verified the statistical analyses.

Results 

Clinicopathological features

The characteristics of the patients are summarized in Table 1. 
The median follow-up period for the 387 patients was 39.2 
(range, 3 to 117) months, and the median age was 71 (range, 
19 to 86) years old.

The optimal thresholds for the CAR, NLR, PLR, SII, 
and ALI based on ROC curve analyses were set at 0.014, 
2.90, 231, 715, and 37, respectively.

Figure 1 Flowchart of the study population inclusion. NSCLC, non-small cell lung cancer. 

Patients underwent complete resection for NSCLC 

from Jan 2010 to Dec 2019 

n=448

Patients with p-I-IIIB stage NSCLC 

meeting the above criteria 

n=401

Study population

n=387

Recurrence within 3 months (n=14)

Died from postoperative complications (n=5)

Induction chemotherapy (n=6)

Acute inflammatory disease (n=12)

Active double cancer (n=9)

History of surgery for NSCLC (n=4)

Systemic administration of 

steroids or immunosuppressants (n=6)

Pathological stage IV (n=5)
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Survival analysis findings

One hundred and five (27.1%) of the 387 patients experienced 
recurrence (local recurrence in 43 patients and either distant 
metastasis alone or both local recurrence and distant metastasis 
in 62 patients). Figures 2 and 3 show the Kaplan-Meier survival 
curves of recurrence after surgery for each inflammation-
based score. Patients with elevated CAR, SII, and mGPS 
values had a significantly poorer RFS than those with lower 
values. The resulting hazard curves in patients with elevated 
CAR and SII values showed an initial sharp and high peak 
within one year after surgery, indicative of early recurrence. 
In contrast, the peak of patients with low values had a 
relatively wide gentle slope (Figure 4).

A comparison of inflammation-based scores in cases with 
pathological stage I and stage IIA or higher disease showed 

Table 1 Clinicopathological characteristics

Variables No. (%) or mean ± SD (range)

Age 70.6±9.4 (19–86)

Gender

Male 233 (60.2)

Female 154 (39.8)

Body mass index, kg/m2 22.5±3.4

<18.5a 35 (9.0)

18.5–25.0b 271 (70.3)

≥25.0c 81 (20.9)

Smoking status

Never smoker 128 (33.1)

Light smoker (< 30 PY) 81 (20.9)

Heavy smoker (≥30 PY) 178 (46.0)

CAR 0.12±0.4

NLR 2.41±1.3

PLR 152.1±71.9

SII 587.3±413.3

ALI 46.4±24.2

GPS

0 336 (86.8)

1 34 (8.8)

2 17 (4.4)

mGPS

0 303 (78.3)

1 63 (16.3)

2 21 (5.4)

Surgery type

VATS 324 (83.7)

Open 63 (16.3)

Surgical procedure

Wedge resection 50 (12.9)

Segmentectomy 31 (8.0)

Lobectomy 292 (75.5)

Pneumonectomy 14 (3.6)

Table 1 (continued)

Table 1 (continued)

Variables No. (%) or mean ± SD (range)

Histological type

Adenocarcinoma 283 (73.1)

Squamous cell carcinoma 85 (22.0)

Adenosquamous carcinoma 7 (1.8)

Others 12 (3.1)

Pathological stage

IA 189 (48.8)

IB 73 (18.9)

IIA 39 (10.1)

IIB 32 (8.3)

IIIA 50 (12.9)

IIIB 4 (1.0)

Adjuvant chemotherapy

No 280 (72.4)

Yes 107 (27.7)
a, underweight; b, normal weight; c, overweight and obesity. Alb, 
albumin; ALI, advanced lung cancer inflammation index; BMI, 
body mass index; CAR, the C-reactive protein/albumin ratio; 
GPS, Glasgow prognostic score; mGPS, modified GPS; NLR, 
neutrophil-lymphocyte ratio; PLR, platelet lymphocyte ratio; PY, 
pack-year; SII, the Systemic immune-inflammation index; SD, 
standard deviation; VATS, video-assisted thoracoscopic surgery.
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that patients with elevated CAR, SII, and mGPS values 
were significantly more common in patients with advanced-
stage NSCLC than in those with stage I NSCLC (Table 2).

According to a multivariate analysis of the RFS, the CAR 
(P=0.007) was found to be an independent prognostic factor 
(Table 3).

The hazard curves of CAR and SII according to the 
pathological stage (Figure 5) were shown to be similar 
(highest peak around one year after surgery) for both 
patients with elevated values and those with low values in 
patients with stage IIA or higher (Figure 5B,D). In patients 

with stage I, the hazard rate curve showed an initial high 
peak around 12 months after surgery for patients with 
elevated CAR and SII values (Figure 5A,C). In contrast, 
patients with low values had a relatively wide gentle slope, 
which peaked about 12 to 16 months later than the peak in 
those with elevated CAR and SII values.

Discussion

In the present study, we assessed the prognostic value 
of inflammation-based scores in terms of estimating the 

Figure 2 Kaplan-Meier curves for recurrence-free survival curves according to inflammation-based scores. (A) CAR; (B) GPS; (C) mGPS; (D) 
SII. CAR, C-reactive protein-to-albumin ratio; GPS, Glasgow prognostic score; mGPS, modified GPS; SII, Systemic immune-inflammation 
index.
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timing of recurrence by hazard curves in patients with 
completely resected NSCLC. Our results indicated that 
patients with elevated CAR, SII, and mGPS values showed 
a significantly worse RFS than those with low values. In 
addition, resulting hazard curves for patients with elevated 
CAR and SII values showed an earlier and higher maximum 
peak than in patients with low values. Furthermore, the 
CAR was an independent predictor of the RFS, and patients 

with elevated CAR and SII values retained a high risk of 
early recurrence, even in cases of completely resected stage 
I NSCLC.

To our knowledge, this is the first report to describe 
a relationship between the timing of recurrence and 
inf lammation-based scores  for  resected NSCLC 
patients using hazard curve. Since the time of Virchow, 
inflammation has been linked to cancer (25). It has been 

Figure 3 Kaplan-Meier curves for recurrence-free survival according to inflammation-based scores. (A) NLR; (B) PLR; (C) ALI. NLR, 
neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; ALI, advance lung cancer inflammation index.
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reported that the systemic inflammatory response may play 
a role in the development of cancer by inducing genetic 
instability, stimulating proliferative and survival signals, 
promoting invasion and metastatic spread, and enhancing 
local immunosuppression (4,5,7,26).

Many studies have already shown that the presence of 
a systemic inflammatory response in cancer patients is 
associated with hypoalbuminemia and excessive weight loss, 
thus leading to a poor performance and reducing survival in 
various malignancies (27,28). In this context, not only the 
CRP levels and neutrophil count but also serum albumin 
levels are strongly connected to systemic inflammation. 
Recent studies have revealed relationships between lung 
cancer and inflammation-based scores, including the 
CAR, SII, GPS, and mGPS, and have reported that such 
inflammation-based scores may be useful indicators of the 
prognosis in patients with resected NSCLC (8,9,14-19). 

Some studies have shown that an increased CRP level is 
related to primary tumor burden (29,30), since the growth 
of cancer results in tissue damage, which disrupts the 
microenvironment and thereby induces inflammation (31).  
The poor RFS of patients with elevated CAR, SII, GPS, 
and mGPS in the present study might have been simply 
due to the high rate of patients with advanced-stage 
disease. To clarify this point, we therefore studied the 
hazard curves according to the pathological stage. As 
expected, the proportion of patients with elevated CAR, 
SII, and mGPS values was relatively low among stage I 
patients but increased among stage II or higher patients, 
and the hazard of recurrence peaked higher and earlier in 
patients with elevated CAR and SII values among cases 
of stage II or higher disease than those of stage I. Such an 
initial maximum peak during the first year indicated the 
aggressiveness of tumors with elevated CAR, SII, and GPS 

Figure 4 Smoothed hazard estimates according to inflammation-based scores. (A) CAR; (B) GPS; (C) mGPS; (D) SII. CAR, C-reactive 
protein-to-albumin ratio; GPS, Glasgow prognostic score; mGPS, modified GPS; SII, Systemic immune-inflammation index.

A B

C D

0.02

0.01

0.00

H
az

ar
d

H
az

ar
d

H
az

ar
d

H
az

ar
d

0.02

0.01

0.00

0.02

0.01

0.00

0.02

0.01

0.00

0         12        24         36        48        60         72

0         12        24         36        48        60         72

0         12        24         36        48        60         72

0         12        24         36        48        60         72

Months

Months

Months

Months

mGPS 0
mGPS 1–2

SIl <715
SII ≥715

CAR <0.014

CAR ≥0.014
GPS 0

GPS 1–2



2819Journal of Thoracic Disease, Vol 13, No 5 May 2021

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2021;13(5):2812-2823 | http://dx.doi.org/10.21037/jtd-20-3458

Table 2 Comparisons of inflammation-based scores and laboratory variables between the subgroups of pathological stage

Variables
 Pathological stage 

P value
Stage IA and IB (n=262) Stage IIA or higher (n=125)

CRP 0.24±0.54 0.70±1.75 <0.001

Alb 3.97±0.36 3.91±0.41 0.150

WBC count 5.98±1.73 6.35±1.82 0.054

Platelet count 230±64 251±72 0.004

Neutrophil count 3.67±1.34 4.01±1.54 0.024

Lymphocyte count 1.75±0.69 1.73±0.58 0.814

CAR 0.002

<0.014 130 (46.1) 30 (41.6)

≥0.014 152 (53.9) 75 (58.4)

NLR 0.221

<2.90 222 (78.7) 76 (72.4)

≥2.90 60 (21.3) 29 (27.6)

PLR 0.419

<104 63 (22.3) 28 (26.7)

≥104 219(77.7) 77(73.3)

SII 0.236

<715 216 (76.6) 74 (70.5)

≥715 66 (23.4) 31 (29.5)

ALI 0.908

<37 121 (42.9) 44 (41.9)

≥37 161 (57.1) 61 (58.1)

GPS 0.053

0 234 (89.3) 102 (81.6)

1 and 2 28 (10.7) 23 (18.4)

mGPS <0.001

0 220 (83.8) 83 (64.3)

1 and 2 42 (16.2) 42 (35.7)

Body mass index 0.506

<18.5a 23 (8.8) 12 (9.6)

18.5–25b 188 (71.8) 83 (66.4)

≥25.0c 51 (19.5) 30 (24.0)

Data are presented as n (%) or mean ± SD. a, underweight. b, normal weight. c, overweight and obesity. Alb, albumin; ALI, advanced lung 
cancer inflammation index; BMI, body mass index; CAR, the C-reactive protein/albumin ratio; CRP, the C-reactive protein; GPS, Glasgow 
prognostic score; mGPS, modified GPS; NLR, neutrophil-lymphocyte ratio; PLR, platelet lymphocyte ratio; SII, Systemic immune-
inflammation index; WBC, white blood cell; SD, standard deviation
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Table 3 Findings from multivariate analyses of RFS

Variable
Multivariate

HR 95% CI P value

Age 0.994 0.972–1.017 0.609

Gender (male vs. female) 1.834 0.987–3.410 0.055

Body mass index 0.951 0.890–1.016 0.138

Smoking status (never smoker vs. smoker) 0.666 0.354–1.252 0.207

CAR (≥0.014 vs. <0.014) 1.987 1.202–3.284 0.007

PLR (≥104 vs. <104) 0.846 0.518–1.383 0.505

SII (≥715 vs. <715) 1.447 0.711–2.944 0.308

GPS (0 vs. 1 and 2) 1.218 0.625–2.375 0.562

mGPS (0 vs. 1 and 2) 0.656 0.348–1.238 0.193

ALI (≥37 vs. <37) 1.507 0.815–2.787 0.191

NLR (≥2.90 vs. <2.90) 1.251 0.596–2.628 0.554

Surgical procedure (sublobar vs. lobectomy) 0.884 0.509–1.535 0.661

Surgery type (open vs.   ATS) 1.409 0.845–2.349 0.189

Pathological stage (IIA or higher vs. I) 4.430 0.987–3.410 <0.001

ALI, advanced lung cancer inflammation index; CAR, the C-reactive protein/albumin ratio; GPS, Glasgow prognostic score; mGPS, 
modified GPS; PLR, platelet lymphocyte ratio; SII, Systemic immune-inflammation index; NLR, neutrophil-lymphocyte ratio; VATS, video-
assisted thoracoscopic surgery.

values. Of particular note, patients with elevated CAR and 
SII values had an early maximum peak even after complete 
resection for stage I NSCLC, implying a high malignancy 
potential. 

Although various inflammatory mediators such as 
inflammatory cytokines, vascular endothelial growth factor 
(VEGF), and prostaglandins reportedly play an important 
role in cancer progression (6-8), the mechanism underlying 
the relationship between systemic inflammation and 
early recurrence of cancer remains poorly understood. 
Furthermore, it is difficult to explain why there is a peak 
at all and why it comes so soon after complete resection. 
Possible explanations include that patients with elevated 
CAR, SII, GPS, and mGPS values have (I) tumors with 
an inherently more aggressive growth nature and (II) a 
decreased ability to inhibit micrometastases that have 
disseminated to different parts of the body during the 
preoperative period than those with low values. Regardless, 
the fact that the initial surge of recurrence develops so 
shortly after complete resection indicates that systemic 
inflammation triggered by surgical invasion disrupts 
the microenvironment, thus causing the production 
and secretion of various inflammatory mediators, thus 

accelerating the proliferation of tumor cells in previously 
undetectable metastatic lesions (32,33).

Our results suggest the significance of focusing on the 
timing of recurrence as well as the total recurrence risk. 
It may therefore be effective to identify the sub-groups of 
patients who are most likely to develop early recurrence 
within a determined stage. At present, there is no consensus 
regarding the usefulness of postoperative follow-up (34), 
and tumor recurrence after complete resection remains the 
primary cause of cancer-related death. However, advances 
in molecular-targeted therapy and immunotherapy have 
improved the outcomes in patients with recurrent NSCLC. 
Although biologically aggressive, patients with recurrent 
NSCLC can be treated with drug therapy, if the presence of 
a driver mutation is confirmed. Therefore, it is reasonable to 
suppose that the early detection and treatment of recurrence 
may improve the patient survival rates and quality of life. In 
addition, based on our findings, it is reasonable to assume 
that patients with elevated CAR, SII, GPS, and mGPS 
values need more intensive surveillance than those with low 
values. Consequently, a method for analyzing the risk of 
postoperative recurrence based on a hazard curve is needed 
to accurately detect treatable recurrent diseases, thereby 
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Figure 5 Smoothed hazard estimates of CAR (A,B) and SII (C,D) according to the pathological stage. (A) CAR, stage I; (B) CAR, stage 
IIA or higher; (C) SII, stage I; (D) SII, stage IIA or higher. CAR, C-reactive protein-to-albumin ratio; SII, Systemic immune-inflammation 
index.

minimizing the frequency of imaging studies.
The tumor histology, biomarker values [e.g., epidermal 

growth factor receptor (EGFR), anaplastic lymphoma 
kinase (ALK), and programmed death receptor 1 (PD-L1)], 
and postoperative TNM classification together represent 
the gold-standard for predicting the outcomes of NSCLC 
at present. However, these are tumor-related factors that 
are obtained after surgery. In contrast, inflammation-
based scores are host-related factors that can be confirmed 
preoperatively and are independent of the postoperative 
findings. The CAR, GPS, and mGPS, calculated by means 
of the serum CRP and serum albumin levels, may reflect 
both the inflammatory condition and nutritional status. 
The SII is calculated using the following formula: platelets 

× neutrophils / lymphocytes. An elevated SII usually 
suggests a higher level of inflammation and a lower level 
of immunity in patients (18). These inflammation-based 
scores are objective, simple, universally available, and cost-
effective measurements. Together with the postoperative 
histopathological findings, these preoperative inflammation-
based scores represent a reliable supportive prognostic 
parameter for identifying patients at risk of early recurrence 
and tailoring the postoperative follow-up to individual 
patients with NSCLC.

The present study is associated with several limitations. 
First, this was a retrospective study with a limited number 
of patients and was performed at a single institution. 
Therefore, there may be a selection bias. Further 

A B

C D

0.02

0.01

0.00

0.02

0.01

0.00

0.04

0.03

0.02

0.01

0.00

0.04

0.03

0.02

0.01

0.00

H
az

ar
d

H
az

ar
d

H
az

ar
d

H
az

ar
d

0         12         24         36         48        60         72

0         12         24         36         48         60        72

0         12         24         36         48        60         72

0         12         24         36         48         60         72

Months

Months

Months

Months

SIl <715
SII ≥715

SIl <715
SII ≥715

CAR <0.014

CAR ≥0.014

CAR <0.014

CAR ≥0.014



2822 Watanabe et al. Inflammation-based scores and the timing of recurrence

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2021;13(5):2812-2823 | http://dx.doi.org/10.21037/jtd-20-3458

prospective studies with larger populations therefore need 
to be carried out to determine the role of inflammation-
based scores in predicting postoperative recurrence for 
NSCLC.

Conclusions

In conclusion, an elevated CAR value was significantly 
associated with a poor RFS, and patients with elevated CAR 
and SII values retain a high risk of early recurrence even 
after complete resection of stage I NSCLC. In addition, 
preoperative inflammation-based scores can be an objective, 
simple, and cost-effective measurements for predicting early 
recurrence.
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