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Abbreviations and Acronyms

TNM = tumor node metastasis
SIR = systemic inflammatory response
CRP = C-reactive protein
NLR = neutrophil–lymphocyte ratio

PLR = platelet–lymphocyte ratio
CAR = CRP–albumin ratio
MLR = monocyte-to-lymphocyte ratio
CLR = C-reactive protein–lymphocyte ratio
CONUT = Controlling Nutritional Status
OS = overall survival
NSCLC = non-small cell lung cancer
PNI = Prognostic Nutrition Index
GNRI = Geriatric Nutritional Risk Index
PAR = platelet–albumin ratio
BMI = body mass index
CCI = Charlson Comorbidity Index
HALP = hemoglobin, albumin, lymphocyte, and platelet
NAR = neutrophil–albumin ratio
ROC = receiver operating characteristic
AUC = area under the curve
HR = hazard ratio
DSS = disease-specific survival
RFS = recurrence-free survival

Purpose: This study evaluated the Controlling Nutritional Status (CONUT) score as a 
prognostic predictor in elderly non-small cell lung cancer (NSCLC) patients with surgical 
resection.
Methods: Overall, 114 patients over 80 years old undergoing curative resection for 
NSCLC were retrospectively analyzed. Receiver operating characteristic (ROC) analysis 
was conducted to evaluate the capacity of immune-inflammatory markers to predict 
overall survival (OS). Cox-proportional hazards regression analysis was implemented to 
investigate prognostic markers for OS.
Results: Based on ROC curves, the CONUT score was found to be the most valuable 
prognostic marker (area under the curve = 0.716). The high CONUT (≥2) group included 
54 patients, and the low CONUT (0 or 1) group included 60 patients. The high CONUT 
group had poorer prognosis rates compared to the low CONUT group with regard to OS 
(5-year OS: 46.3% vs. 86.0%, p = 0.0006). In the multivariate data analysis, histology, 
lymphatic invasion, and CONUT score (hazard ratio: 4.23, p = 0.0003) were found to be 
exclusive and independent prognostic markers for OS.
Conclusion: Preoperatively, the CONUT score can be used as a novel prognostic marker 
in elderly NSCLC patients. CONUT evaluations can also be used to design nutritional 
interventions to improve patient outcomes.
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Introduction

In previous reports, gender, age, smoking history, and 
tumor node metastasis (TNM) stage have been used as 
reliable markers in lung cancer prognosis.1,2) However, 
patients at equivalent TNM stages can have differing 
clinical outcomes.3) To date, the prediction of survival 
in lung cancer patients has been challenging. One way 
to address this issue could involve the identification of 
consistent prognostic markers in lung cancer patients 
undergoing surgery.

The correlation between prognosis and nutritional sta-
tus could be crucial in patients with malignant tumors 
who have undergone surgical treatment. Immunotrophic 
status can be a key indicator of the tumor microenviron-
ment and has been linked to poor prognosis in different 
cancers.4,5) The systemic inflammatory response in par-
ticular has been shown to be crucial to cancer develop-
ment, metastasis, and progression.6)

Researchers have started to analyze certain nutritional 
indicators and systemic inflammatory markers, includ-
ing neutrophils, lymphocytes, and C-reactive protein 
(CRP). So far, inflammation-based markers, includ-
ing the C-reactive protein–lymphocyte ratio (CLR), 
C-reactive protein–albumin ratio (CAR), monocyte-to- 
lymphocyte ratio, neutrophil–lymphocyte ratio (NLR), 
and platelet–lymphocyte ratio (PLR), have been reported 
to play key roles in lung cancer prognosis.7–9)

The Controlling Nutritional Status (CONUT) score, 
which can reflect the immunonutritional status in patients, 
has been the focus of exhaustive study and is also cor-
related with varying clinical outcomes in different cancers.

Overall, elderly patients will experience changes in 
nutritional status, reduced immune function, and physio-
logical deterioration. This state is referred to as frailty or 
the inability to adapt to everyday stressors.10) Miyazaki 
et al.11) reported that the CAR could significantly predict 
overall survival (OS) in patients over 80 years old, most 
of whom had comorbidities and were likely frail. How-
ever, it remains unknown which combination of inflam-
matory markers can ideally predict lung cancer patient 
survival after surgery.

The goal of our project was to assess the CONUT 
score in predicting outcomes for elderly non-small cell 
lung cancer (NSCLC) patients undergoing surgical 
resection through comparisons with other inflammatory 
markers, such as the Geriatric Nutritional Risk Index 
(GNRI), CAR, CLR, Prognostic Nutrition Index (PNI), 
NLR, and platelet–albumin ratio (PAR).

Materials and Methods

Study design
All procedures that involved human participants were 

conducted in accordance with the standards of the Ethics 
Committee of Kochi Medical School (ERB-109911) as 
well as the 1964 Helsinki declaration and related amend-
ments. Informed patient consent was not necessary because 
of the retrospective nature of our single-center study.

Patients
From January 2012 to December 2020, 767 primary 

lung cancer patients consecutively underwent complete 
surgical resection at the Department of Thoracic Sur-
gery in Kochi Medical School. Exclusion criteria were 
patients who underwent non-radical resection, had driver 
mutations, had received targeted treatments since prog-
nosis can be influenced by these factors, or had missing 
data that were necessary for calculation of prognostic 
indexes. Ultimately, 114 patients over 80 years old were 
enrolled in the analysis, which included the preopera-
tive measurement of their nutritional parameters, such as 
serum albumin, neutrophil, lymphocyte, and CRP levels.

Data collection and follow-up
Patient data, including age; smoking history; gender; 

body mass index; surgical procedure; histological sub-
type; pathological stage; standard blood and biochemical 
measurements; lymphatic, vascular and pleural invasion; 
and Charlson Comorbidity Index (CCI), were retrospec-
tively obtained from pathology reports, electronic patient 
records, and case notes. Postoperatively, patients under-
went follow-ups with regular physical examinations, 
blood tests, and chest X-rays every 3 months during the 
first 3 years and then every 6 months afterward. Com-
puted tomography scans of the chest and abdomen were 
also performed at least once a year. Clinicopathological 
characteristics and OS were retrospectively analyzed.

Calculation of immune-inflammatory markers
The PNI; GNRI; CAR; CLR; hemoglobin, albumin, 

lymphocyte, and platelet (HALP) score; NLR; PLR; 
PAR; neutrophil–albumin ratio; and CONUT score were 
calculated. The ratio of CRP to serum albumin was des-
ignated as the CAR, the ratio of neutrophils to lympho-
cytes the NLR, and the ratio of platelets to lymphocytes 
the PLR (Table 1). CONUT scores were determined 
using total cholesterol and serum albumin concentra-
tions as well as peripheral lymphocyte counts (Table 2).
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Statistical analysis
Summarized data were expressed as medians with 

interquartile ranges or numbers with percentages. OS 
was the time period from the resection date to the date 
of death or the date of the most recent follow-up. Dis-
ease-specific survival (DSS) was the time period from 
resection to the date of death from a specific disease, 
and recurrence-free survival (RFS) was from resection 
to the date of recurrence. Receiver operating character-
istic (ROC) curves provided cutoff values for prognostic 
markers and areas under the curve (AUCs). The Kaplan–
Meier method with the log-rank test provided survival 
analyses of clinical and pathological factors and prog-
nostic factors. Independent prognostic variables were 
identified using multivariate analyses with a stepwise 
Cox proportional hazards regression model. Correla-
tions between each independent factor and survival were 
reflected in the 95% confidence interval (CI). JMP Pro 
(Ver. 12) (SAS Institute, Inc., Cary, NC, USA) was uti-
lized for data analysis, and p-values <0.05 were regarded 
as statistically significant.

Results

Patient characteristics
Overall, 114 patients were involved in the analy-

sis. The median follow-up period of patients was 57 
months (7–123 months). Their clinicopathological data 
are summarized in Table 3. The median patient age 
was 82 years (range: 80–88 years), 58 patients (50.9%) 
had a history of smoking, and 59 patients (51.8%) were 
male. Furthermore, 52 patients (45.6%) underwent sub-
lobar resections. The majority of patients (65.8%) were 
diagnosed with adenocarcinoma. Eighty-six (75.4%), 
12 (10.5%), and 16 (14.1%) patients were ultimately 
diagnosed with pathological stage I, II, and III cancer, 
respectively. Significantly higher postoperative recur-
rence was observed in the high CONUT group than 
that in the low CONUT group (33.3% vs. 13.3%: p = 
0.01). In the high CONUT group, 18 cases of recur-
rence (1 case of local recurrence, 11 cases of locore-
gional recurrence, 2 cases of pleural dissemination, and 
4 cases of distant recurrence) were observed, while in 

Table 1  Abbreviations and biomarker formulas of various factors

Biomarkers Abbreviation definition Biomarker formulas

CONUT score Controlling Nutritional Status score Described in Table 2
PNI Prognostic Nutrition Index (10 × albumin (g/dL)) + (0.005 × lymphocyte (/μL))
GNRI Geriatric Nutritional Risk Index 14.89 × albumin (g/dL) + 41.7 × real body weight (kg)/ideal body 

weight (kg)
CLR C-reactive protein–lymphocyte ratio C-reactive protein (mg/dL)/lymphocyte (/μL)
CAR C-reactive protein-to-albumin ratio C-reactive protein (mg/dL)/albumin (g/dL)
HALP Hemoglobin, albumin, lymphocyte, 

and platelet
Hemoglobin × lymphocyte (/μL) × albumin (g/dL)/platelet (/μL)

NLR Neutrophil-to-lymphocyte ratio Neutrophil (/μL)/lymphocyte (/μL)
PLR Platelet-to-lymphocyte ratio Platelet (/μL)/lymphocyte (/μL)
PAR Platelet-to-albumin ratio Platelet (/μL)/albumin (g/dL)
NAR Neutrophil-to-albumin ratio Neutrophil (/μL)/albumin (g/dL)

Table 2  The CONUT scoring system

Variables
Undernutrition status

Normal Light Moderate Severe

Serum albumin (g/dL) ≥3.5 3.0–3.4 2.5–2.9 <2.5
Score 0 2 4 6
Total lymphocyte count (mm3) ≥1600 1200–1599 800–1199 <800
Score 0 1 2 3
Total cholesterol (mg/dL) ≥180 140–179 100–139 <100
Score 0 1 2 3
CONUT score (total) 0–1 2–4 5–8 9–12

CONUT: Controlling Nutritional Status
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Table 3  Demographic and clinical characteristics by the CONUT score group

Characteristics
No. of patients (%) or median (range)

CONUT low (0,1) CONUT high (≥2) p value

Follow-up months 56 (9–107) 58 (7–123) 0.29
Age (year) 0.06
  Median 81 82
  Range 80–87 80–88
Gender 0.69
  Male 30 (50.0%) 29 (53.7%)
  Female 30 (50.0%) 25 (46.3%)
BMI (kg/m2) 23.0 (18.1–30.3) 22.8 (15.8–31.3) 0.77
Smoking history 0.57
  Non-smoker 31 (51.7%) 25 (46.3%)
  Smoker 29 (48.3%) 29 (53.7%)
Surgical procedure 0.43
  Sublobar resection 27 (45.0%) 25 (46.3%)
  ≥Lobectomy 33 (55.0%) 29 (53.7%)
Lymph node dissection 0.22
  ND0 14 (23.3%) 6 (11.1%)
  ND1b 21 (35.0%) 21 (38.9%)
  ND2a-1 17 (28.3%) 22 (40.7%)
  ND2a-2 8 (13.4%) 5 (9.3%)
Histology 0.83
  Adenocarcinoma 41 (68.3%) 34 (63.0%)
  Squamous cell carcinoma 13 (21.7%) 14 (25.9%)
  Others 6 (10.0%) 6 (11.1%)
Tumor size (cm) 0.07
  Median 2.2 2.6
  Range 0.7–6.0 1.2–6.9
Nodal stage 0.26
  N0 47 (78.3%) 46 (85.2%)
  N1 7 (11.7%) 2 (3.7%)
  N2 6 (10.0%) 6 (11.1%)
CCI 0.81
  0 30 (50.0%) 27 (50.0%)
  1 15 (25.0%) 13 (24.1%)
  2 11 (18.3%) 9 (16.7%)
  3 4 (6.7%) 4 (7.4%)
  4 0 (0.0%) 1 (1.8%)
Lymphatic invasion 0.74
  No 45 (75.0%) 39 (72.2%)
  Yes 15 (25.0%) 15 (27.8%)
Vascular invasion 0.42
  No 45 (75.0%) 37 (68.5%)
  Yes 15 (25.0%) 17 (31.5%)
Pleural invasion 0.04
  No 49 (81.7%) 35 (64.8%)
  Yes 11 (18.3%) 19 (35.2%)
Postoperative recurrence 0.01
  Yes 8 (13.3%) 18 (33.3%)
  No 52 (86.7%) 36 (66.7%)

CONUT: Controlling Nutritional Status; BMI: body mass index; CCI: Charlson Comorbidity Index
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the low CONUT group, 8 cases of recurrence (2 cases 
of local recurrence and 6 cases of locoregional recur-
rence) were observed.

ROC curves of inflammatory markers for OS 
prediction

The ROC curves for the CONUT score, CLR, GNRI, 
NLR, and PAR are shown in Fig. 1.

After the curves were used for OS prediction, the opti-
mal cut-off was 2 for the CONUT score, 47.7 for the 
PNI, 99.3 for the GNRI, 2.47 for the CLR, and 2.56 for 
the CAR. The AUC for the CONUT score was the high-
est (0.716; 95% CI: 0.645–0.751) and was significantly 
larger than the AUC for the GNRI (p = 0.037) or HALP 
(p = 0.046) (Table 4). However, the AUC of the CONUT 
score was not significantly different from the AUC for 
the CAR or CLR (p = 0.22 and p = 0.31, respectively).

Survival analysis based on CONUT score
The high CONUT (≥2) group included 54 patients 

(47.4%), while the low CONUT (0 or 1) group included 
60 patients (52.6%). The Kaplan–Meier method was 
implemented to perform survival analyses based on the 
CONUT score, which revealed a significantly worse 
prognosis in the high CONUT group than that in the low 

CONUT group with regard to OS (5-year OS: 46.3% vs. 
86.0%, p = 0.0006), DSS (p = 0.0104), and RFS (p = 
0.0018) (Fig. 2). When limited to pathological stage I dis-
ease, the high CONUT group had a worse prognosis than 
the low CONUT group (p = 0.001) (Fig. 3). Nine patients 
(15.0%) died from lung cancer and 1 (1.7%) died from 
other disease in the low CONUT group. Twenty-two 
patients (40.7%) died from lung cancer and 5 (9.3%) died 
due to other disease in the high CONUT group.

Prognostic value of CONUT score and other 
clinicopathological variables

In the Cox hazard model (Table 5), univariate analysis 
identified gender (p = 0.018), smoking status (p = 0.037),  
histology (p = 0.011), pathological stage (p = 0.0013), 
lymphatic invasion (p <0.0001), pleural invasion  
(p = 0.002), and CONUT score (p = 0.0001) as signif-
icant determinants of OS. In the multivariate analysis, 
histology (p = 0.007), lymphatic invasion (p = 0.0002), 
and CONUT score (hazard ratio [HR]: 4.23, 95% CI: 
1.95–9.15, p = 0.0003) were found to be independent 
and exclusive prognostic markers for OS. The CONUT 
score was also an independent prognostic marker (HR: 
5.51, 95% CI: 1.97–15.4, p = 0.001) for OS in the patho-
logical stage I subgroup (Table 6).

Discussion

We aimed to evaluate various preoperative inflam-
matory factors and their prognostic roles in elderly lung 
cancer patients undergoing surgery. According to the lit-
erature, this report is the first to assess the prognostic 
potential of the CONUT score and compare both inflam-
mation-based indexes and nutrition-based indexes in 
elderly NSCLC patients.

Mortality and morbidity rates of primary lung cancer 
surgery are reported to be higher in elderly patients than 
in younger individuals.12) Meanwhile, pulmonary resec-
tion has been shown to be both effective and safe for 
NSCLC treatment in geriatric lung cancer.13,14)

Preoperative assessment of risk factors can help cli-
nicians to assess the suitability of different surgical 
treatments in lung cancer patients.13,15) Endo et al.13) 
demonstrated worse survival rates in elderly NSCLC 
patients exhibiting 2 or more of 19 CCI comorbidities. In 
addition, comorbidities were reportedly related to both 
surgical risk and prognosis in stage I NSCLC patients 
over 80 years old.16)

Fig. 1  �Prognostic value of five combinations of inflammatory 
markers for patients with resected NSCLC was compared 
by ROC analysis. NSCLC: non-small cell lung cancer; 
ROC: receiver operating characteristic; CONUT: Con-
trolling Nutritional Status; CLR: C-reactive protein–lym-
phocyte ratio; GNRI: Geriatric Nutritional Risk Index; 
NLR: neutrophil–lymphocyte ratio; PAR: platelet–albu-
min ratio; AUC: area under the curve 
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More studies in recent years have analyzed the value 
of systemic inflammation-based prognostic factors in 
various cancers.17) These factors can be helpful for pre-
dicting survival and classifying cancer patients prior to 
surgery. In particular, researchers have focused on the 
roles of the inflammatory response and nutritional status 
in cancer patient prognosis.18) For example, nutritional 
status can be evaluated using serum albumin, a negative 
acute-phase marker made in the liver. Poor nutritional 

status has also been crucially linked to many postop-
erative surgical complications. However, there are few 
reports that have compared the prognostic potential of 
well-known scores such as the PNI, GNRI, CLR, CAR, 
HALP, and NLR. This study is the first to simultaneously 
analyze the relationship between prognosis and multiple 
inflammatory markers.

Ignacio et al.19) first developed the CONUT score, 
which can be easily obtained through routine laboratory 

Table 4 � Comparison of the AUC between the CONUT score and other systemic inflammatory factors

Inflammatory indexes OS

Cut off value AUC 95% CI p value

CONUT 2 0.716 0.645–0.751 0.0004
PNI 47.7 0.7 0.621–0.746 0.016
GNRI 99.3 0.61 0.565–0.662 0.12
CLR 2.47 0.646 0.577–0.691 0.023
CAR 2.56 0.652 0.586–0.701 0.02
HALP 2.49 0.6 0.567–0.682 0.32
NLR 2.83 0.565 0.512–0.641 0.23
PLR 19 0.551 0.498–0.596 0.39
PAR 3.41 0.498 0.441–0.546 0.83
NAR 14 0.521 0.468–0.584 0.61

AUC: area under the curve; CONUT: Controlling Nutritional Status; OS: overall survival; CI: confidence 
interval; PNI: Prognostic Nutrition Index; GNRI: Geriatric Nutritional Risk Index; CLR: C-reactive protein–
lymphocyte ratio; CAR: C-reactive protein–albumin ratio; HALP: hemoglobin, albumin, lymphocyte, and 
platelet; NLR: neutrophil–lymphocyte ratio; PLR: platelet–lymphocyte ratio; PAR: platelet–albumin ratio; 
NAR: neutrophil–albumin ratio

Fig. 2  �Kaplan–Meier curves for (A) OS, (B) DSS, and (C) RFS in elderly NSCLC patients according to the CONUT score. OS: overall 
survival; DSS: disease-specific survival; RFS: recurrence-free survival; NSCLC: non-small cell lung cancer; CONUT: Con-
trolling Nutritional Status 
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Fig. 3  �Kaplan–Meier curves showing survival of patients with pathological stage I NSCLC according to the CONUT score. NSCLC: 
non-small cell lung cancer; CONUT: Controlling Nutritional Status 

Table 5  Univariate and multivariate Cox proportional hazards regression analyses for OS

Variable
Univariate analysis Multivariate analysis

HR 95% CI p value HR 95% CI p value

Gender (male) 2.64 1.18 6.15 0.018 1.36 0.51 3.62 0.54
BMI (≥25.2) 2.56 0.94 8.23 0.08
Smoking status (ever) 2.33 1.05 5.37 0.037 1.44 0.54 3.84 0.47
CCI (≥1) 1.49 0.68 3.33 0.32
Surgical procedure (≥Lob) 1.6 0.72 3.62 0.25
Lymph node dissection (≥ND2a) 1.15 0.52 2.56 0.72
Histology (non-adenocarcinoma) 2.38 1.22 4.64 0.011 2.73 1.31 5.68 0.007
Pathological stage (≥II) 3.28 1.59 6.74 0.0013 1.37 0.56 3.35 0.49
Ly (+) 6.45 3.03 13.7 <0.0001 6.2 2.38 16.1 0.0002
V (+) 1.89 0.96 3.76 0.07
Pl (+) 2.91 1.48 5.71 0.002 1.26 0.59 2.71 0.55
CONUT score (≥2) 5.12 2.16 12.3 0.0001 4.23 1.95 9.15 0.0003

OS: overall survival; HR: hazard ratio; CI: confidence interval; BMI: body mass index; CCI: Charlson Comorbidity Index; Lob: Lobectomy; 
CONUT: Controlling Nutritional Status

Table 6 � Univariate and multivariate Cox proportional hazards regression analyses for OS. Subgroup analysis in pathological 
stage I

Variable
Univariate analysis Multivariate analysis

HR 95% CI p value HR 95% CI p value

Gender (male) 1.73 0.75 4.01 0.19
BMI (≥24.9) 1.10 0.62 1.95 0.76
Smoking status (ever) 1.83 0.79 4.18 0.15
CCI (≥1) 1.46 0.64 3.35 0.37
Surgical procedure (≥Lob) 1.13 0.51 2.53 0.76
Lymphnode dissection (≥ND2a) 1.27 0.54 2.94 0.59
Histology (non-adenocarcinoma) 3.52 1.50 8.26 0.004 4.94 1.93 12.6 0.008
Ly (+) 4.90 1.64 14.6 0.001 5.43 1.77 16.6 0.003
V (+) 1.37 0.54 3.49 0.52
Pl (+) 2.84 1.15 7.01 0.023 1.39 0.53   3.69 0.49
CONUT score (≥2) 4.56 1.69 12.3 0.003 5.51 1.97 15.4 0.001

OS: overall survival; HR: hazard ratio; CI: confidence interval; BMI: body mass index; CCI: Charlson Comorbidity Index; CONUT: 
Controlling Nutritional Status
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tests conducted during presurgical or general exam-
inations. Zhang et al.20) found the CONUT score to be 
an independent marker of poor prognostic outcomes 
in stage III–IV NSCLC patients, but there are no such 
reports in the elderly population. In this study, we found 
poorer prognosis rates in the high CONUT group com-
pared to that in the low CONUT group with regard to 
OS. Similar findings were obtained for DSS and RFS, 
but the effect of the nutritional score was not as strong 
as that of OS.

The high CONUT group also exhibited pleural dissem-
ination and distant recurrence, unlike the low CONUT 
group, as well as more deaths from lung cancer and other 
diseases. The breakdown of the 6 cases of death from 
other causes included the following 3 cases of pneumo-
nia, 1 case of interstitial pneumonia, and 2 cases of other 
cancers. In elderly lung cancer patients, the prognosis 
involves many factors, such as the disease itself, the gen-
eral condition of the patient, other cancers, and treatment 
tolerance, all of which may be reflected in the CONUT 
score. In subgroup analysis based only on pathological 
stage I, the group with a high CONUT score had worse 
prognosis than the group with a low CONUT score. The 
CONUT score was also a significant prognostic factor in 
multivariate analysis, suggesting that the CONUT score 
is convincing as a strong prognostic factor.

Furthermore, factors that incorporated albumin and 
CRP levels, such as the CONUT score, PNI, GNRI, 
CLR, and CAR, tended to be sensitive markers for 
predicting OS. However, factors that involved platelet 
levels, such as the PLR and PAR, did not significantly 
affect OS. It is possible that the CONUT score indi-
cates the nutritional status of elderly NSCLC patients 
in a multifaceted manner based on albumin, lympho-
cyte, and total cholesterol levels. Adding CRP to the 
CONUT score could result in an even more sensi-
tive marker. It will be interesting to determine if the 
CONUT score is a reliable prognosis indicator in both 
elderly and young patients.

There are several limitations in this study, including 
the retrospective nature of the single-center investigation 
and limited patient cases. Additionally, blood tests for 
individual patients were conducted preoperatively on 
different dates and at different times, which could have 
influenced the data. In order to validate the findings of 
this study, future investigations could involve a prospec-
tive analysis of patient data using an independent exter-
nal verification group.

Conclusion

Preoperatively, the CONUT score can be a useful 
and novel indicator of prognosis in elderly NSCLC 
patients undergoing surgical resection. Future investiga-
tions could involve the evaluation of the survival benefit 
after surgery for elderly NSCLC patients with abnormal 
preoperative CONUT scores. Nutritional interventions 
based on CONUT score assessment may also be neces-
sary to improve patient outcomes.
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