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Abstract

Background Systemic inflammation, the most representative tumour–host interaction, plays a crucial role in disease
progression and prognosis in patients with non-small cell lung cancer (NSCLC). Few studies have compared the perfor-
mance of existing haematological systemic inflammation biomarkers in predicting the prognosis of NSCLC patients. The
purpose of this study was to compare the prognostic value of existing systemic inflammation biomarkers and determine
the optimal systemic inflammation biomarker in patients with NSCLC through a multicentre prospective study.
Methods The predictive accuracy of systemic inflammation biomarkers for prognostic assessment in NSCLC was
assessed using C-statistics. Inter-group differences in survival were assessed using the log-rank test and visualized using
the Kaplan–Meier method. A restricted cubic spline (RCS) curve was used to explore the association between the
biomarkers and survival. Independent prognostic biomarkers for overall survival were determined using multivariable
Cox proportional hazards regression analysis. Logistic regression analysis was used to determine independent
predictors of 90-day outcomes, length of hospitalization, hospitalization expenses and cachexia.
Results The inflammatory burden index (IBI) had the highest C-statistic for predicting the prognosis of patients with
NSCLC, reaching 0.640 (0.617, 0.663). Patients with a high IBI had significantly worse outcomes than those with a low
IBI (35.46% vs. 57.22%; log-rank P < 0.001). The IBI was also able to differentiate the prognosis of patients with
NSCLC with the same pathological stage. The RCS curve showed an inverted L-shaped dose–response relationship be-
tween the IBI and survival of patients with NSCLC. Multivariable Cox proportional hazards regression analysis showed
that a high IBI was an independent risk factor for death of patients with NSCLC (hazard ratio = 1.229, 95% confidence
interval [CI]: 1.131–1.335, P < 0.001). A high IBI was an independent predictor of 90-day outcomes (odds ratio
[OR] = 1.789, 95% CI: 1.489–2.151, P < 0.001), prolonged hospital stays (OR = 1.560, 95% CI: 1.256–1.938,
P < 0.001), high hospitalization expenses (OR = 1.476, 95% CI: 1.195–1.822, P < 0.001) and cachexia
(OR = 1.741, 95%CI = 1.374–2.207, P < 0.001) in patients with NSCLC.
Conclusions The IBI was independently associated with overall survival, 90-day outcomes, length of hospitalization,
hospitalization expenses and cachexia in NSCLC patients. As an optimal systemic inflammation biomarker, the IBI
has broad clinical application prospects in predicting the prognosis of patients with NSCLC.
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Introduction

Lung cancer causes high morbidity and mortality worldwide
and therefore seriously affects human health. There were
2.26 million new cases of lung cancer and 2.04 million
deaths from lung cancer worldwide in 2019.1 In China, the
burden of lung cancer is very high. Lung cancer has the
highest cancer-associated morbidity and mortality in China,
and both show an increasing annual trend.2 Non-small cell
lung cancer (NSCLC) accounts for approximately 85% of all
lung cancers. Despite recent significant advances in the
treatment of NSCLC, the long-term survival of patients with
NSCLC remains unsatisfactory. Therefore, there is an urgent
need to find simple, inexpensive, effective biomarkers for
predicting the prognosis of NSCLC to help improve survival
assessment.

Tumour-related pathological factors, such as pathological
stage and histological subtype, have been widely used to as-
sess survival of patients with NSCLC.3,4 However, some pa-
tients with NSCLC have the same pathological stage or histo-
logical subtype but different outcomes. Although the
detection of genetic biomarkers to assess prognosis is gaining
popularity, it is limited by the cost and inconvenience of test-
ing. In addition to tumour-related pathological factors, the in-
teraction between the tumour and host is also an important
factor affecting patient prognosis. If cancer is a wound that
never heals, then systemic inflammation, the most represen-
tative tumour–host interaction, is the likely cause of non-
healing.5,6 Systemic inflammation, an important feature of
the tumour microenvironment, plays a crucial role in disease
progression and prognosis in patients with cancer.7,8

Haematological inflammatory parameters, such as neutro-
phils, lymphocytes, platelets and C-reactive protein (CRP),
can effectively reflect the systemic inflammatory state of
cancer.9,10 Many studies have evaluated several systemic
inflammation biomarkers composed of these inflammatory
parameters and demonstrated that these biomarkers have
important prognostic predictive value in different cancers,
including NSCLC.11–16 However, it remains unclear which
combination of inflammatory parameters is the optimal
systemic inflammation biomarker to assess prognosis in
patients with NSCLC. Therefore, this study aimed to compare
the prognostic value of existing systemic inflammation bio-
markers and determine the optimal systemic inflammation
biomarker in patients with NSCLC through a multicentre pro-
spective setting. Particular attention was paid to the poten-
tial feasibility of our newly developed inflammatory burden
index (IBI) as a prognostic biomarker for patients with
NSCLC. We focused on the relationship between IBI and
overall survival (OS), 90-day outcomes, length of hospitaliza-
tion, hospitalization expenses and cachexia to illustrate the
potential of IBI in predicting the prognosis in patients with
NSCLC.

Materials and methods

Study population

This prospective cohort study was conducted at multiple
centres in China. Patients were recruited from a national
multicentre project, the Investigation on Nutrition Status
and its Clinical Outcome of Common Cancers (INSCOC). The
inclusion criteria were pathologically proven NSCLC, adminis-
tration of anticancer therapy and age older than 18 years.
Patients with severe infection or immunodeficiency, other tu-
mours, incomplete serological data, severe cardiopulmonary
co-morbidities or loss to follow-up were excluded. If patients
were hospitalized two or more times during the investigation,
only data from the first survey were included. Written
informed consent was obtained from all participating pa-
tients. This study was approved by the ethics committees of
all participating institutions.

Data acquisition

Patient baseline characteristics were assessed by experienced
physicians and included the following: sex, age, height,
weight, body mass index, co-morbidities (hypertension and
diabetes), lifestyle (smoking and alcohol consumption), family
history, tumour-node-metastasis (TNM) stage, treatment mo-
dality (surgery, radiotherapy or chemotherapy), length of
hospitalization, hospitalization cost, Karnofsky Performance
Scale score, Patient-Generated Subjective Global Assessment
(PG-SGA) score, European Organization for Research and
Treatment of Cancer Quality of Life Questionnaire (Version
3.0) and cachexia. Fasting venous blood was collected from
patients at their respective central laboratories within 1 week
prior to receiving anticancer therapy for the detection of se-
rological parameters. Haematological parameters included
whole white blood cells, neutrophils, lymphocytes, platelets,
red blood cells, haemoglobin, CRP and albumin.

In this study, the survival status of patients with NSCLC was
determined through regular follow-up. Follow-up began on
October 2013 and lasted until October 2020 or until patient
death. The primary outcome was OS, defined as the interval
from cancer diagnosis to death from any cause or the last fol-
low-up. The secondary outcomes included 90-day outcomes,
length of hospitalization (≥14 days), hospitalization expenses
(≥20 000 RMB) and cachexia. The 90-day outcomes were
defined as the 90-day outcomes after anticancer treatment.
Cachexia was defined according to international standards17:
(i) unintentional weight loss of more than 5% in the past
6 months; (ii) BMI < 20 kg/m2 and any degree of weight loss
>2%; and (iii) skeletal muscle mass (sarcopenia) and any de-
gree of weight loss >2%. The skeletal muscle depletion was
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assessed as follows: mid-upper-arm muscle area by anthro-
pometry (men <32 cm2, women <18 cm2).

Statistical analysis

Categorical variables are expressed as frequencies and
percentages and were compared using the chi-squared test
or Fisher’s exact test. Continuous non-normally distributed
variables are expressed as medians and interquartile ranges
and were compared using the log-rank test, whereas
continuous normally distributed variables are expressed as
means ± standard deviations and were compared using Stu-
dent’s t-test. The predictive accuracy of systemic inflamma-
tion biomarkers for the prognostic assessment of patients
with NSCLC was assessed using C-statistics. Maximally se-
lected log-rank statistics were used to determine the optimal
cut-off value of the IBI for predicting prognosis in NSCLC
patients. A restricted cubic spline (RCS) curve was used to ex-
plore the association between the IBI and survival in patients
with NSCLC. Inter-group differences in survival were assessed
using the log-rank test and visualized using the Kaplan–Meier
method. Independent prognostic factors for OS were
determined using multivariable Cox proportional hazards
regression analysis and assessed using Wald’s test. Logistic
regression analysis was used to determine factors influencing
the secondary outcomes. Statistical analysis and plotting were
performed using R version 4.0.5 (http://www.r-project.org),
and a two-sided P < 0.05 was considered statistically
significant.

Results

Demographic and clinicopathological features of
NSCLC patients

Initially, 2428 patients with NSCLC were screened from the
INSCOC study. After excluding patients with missing serologi-
cal data, a total of 1843 patients with NSCLC were included in
the study, including 1197 (64.9%) men and 646 (35.1%)
women. The mean age was 60.71 (±9.81) years. There were
133 (7.2%) patients with stage I disease, 277 (15.0%) with
stage II disease, 410 (22.2%) with stage III disease and 1023
(55.5%) with stage IV disease. The demographic and
clinicopathological features of the patients are summarized
in Table S1.

Comparison of haematological systemic
inflammation biomarkers

Systemic inflammation is characterized by an increased
proportion of pro-inflammatory parameters (neutrophils,

platelets and CRP) and a decreased proportion of
anti-inflammatory parameters (lymphocytes and albumin).
We combined these five serum pro-inflammatory and
anti-inflammatory parameters separately for assessment.
Ultimately, we identified 16 systemic inflammation bio-
markers (Figure 1). Table 1 summarizes the formulas used
to calculate these biomarkers. These included previously
reported existing and unevaluated systemic inflammation
biomarkers.11,18–20

These systemic inflammation biomarkers were
independently associated with OS in this cohort, except for
lymphocyte-to-CRP ratio and platelet-to-lymphocyte ratio
(Table S2). We found that, among these systemic inflamma-
tion biomarkers, the IBI had the highest C-statistic for
predicting the prognosis of patients with NSCLC, reaching
0.640 (0.617, 0.663). None of the remaining systemic inflam-
mation biomarkers were able to improve on this value
(Table 2). These results suggest that the IBI is the optimal
systemic inflammation biomarker for assessing the prognosis
of patients with NSCLC. Therefore, we further evaluated the
potential of the IBI as a predictive prognostic biomarker in
patients with NSCLC.

Relationship between the IBI and disease
development

Maximally selected log-rank statistics determined that the
optimal threshold of the IBI of patients with NSCLC was 17
(Figure S1). Based on this threshold, 644 (34.9%) patients
were identified as having a high IBI. Compared with patients
with a low IBI, those with a high IBI had higher hospitalization
costs, longer hospital stays and advanced pathological stages.
A high IBI was significantly associated with high inflammatory
status (high white blood cell count, high neutrophil count,
low lymphocyte count, high platelet count and high CRP),
malnutrition (low red blood cell count, low haemoglobin,
low albumin, high PG-SGA score and cachexia), poor quality
of life and poor physical function (Table S3).

Kaplan–Meier survival analysis

Patients with a high IBI had significantly worse outcomes
than those with a low IBI (35.46% vs. 57.22%; log-rank
P < 0.001) (Figure 2). Notably, we found that the IBI could
differentiate the prognosis of patients with NSCLC with the
same pathological stage. A high IBI was associated with signif-
icantly worse prognosis than a low IBI at all stages (Figure S2).
Further, we found that the IBI could effectively differentiate
the prognosis of patients receiving radiotherapy, chemother-
apy or surgery (Figure S3).
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Univariate and multivariable survival analyses

Univariate and multivariable RCS curves showed an inverted
L-shaped dose–response relationship between the IBI as a
continuous variable and survival of patients with NSCLC
(Figure 3). Multivariable Cox proportional hazards regres-
sion analysis showed that the IBI as a continuous variable
was an independent factor for the prognosis of patients
with NSCLC (hazard ratio [HR] = 1.229, 95% confidence in-
terval [CI]: 1.131–1.335, P < 0.001). When assessing the
IBI as a categorical variable (high vs. low), it was also an in-
dependent factor affecting patients with NSCLC (HR = 1.592,
95% CI: 1.393–1.819, P < 0.001). Using the Q1 group as a

reference, the risks of adverse prognosis in the Q2, Q3
and Q4 groups gradually increased, with HRs of 1.078,
1.472 and 1.926, respectively (Table 3). Subsequent multi-
variable subgroup analysis revealed that a high IBI was an
independent risk factor affecting most of the subgroups
(Figure S4).

Logistic regression analysis of the IBI and
secondary outcomes

In this study, 146 patients (7.9%) experienced 90-day out-
comes. Multivariable-adjusted logistic regression analysis

Figure 1 Study design.

Table 1 Sixteen systemic inflammation biomarkers evaluated in this study

Biomarkers Biomarker formulas

C-reactive protein-to-albumin ratio (CAR) C-reactive protein (mg/dL)/albumin (g/dL)
C-reactive protein-albumin-lymphocyte index (CALLY) Albumin = (g/dL) × Lymphocyte(/uL) /CRP (mg/dL)
Platelet-to-albumin ratio (PAR) Platelet (/uL)/albumin (g/dL)
Neutrophil-to-albumin ratio (NAR) Neutrophil (/uL)/albumin (g/dL)
Lymphocyte-to-C-reactive protein ratio (LCR) Lymphocyte (/uL)/C-reactive protein (mg/L)
Platelet-to-lymphocyte ratio (PLR) Platelet (/uL)/lymphocyte (/uL)
Neutrophil-to-lymphocyte ratio (NLR) Neutrophil (/uL)/lymphocyte (/uL)
Systemic-immune-inflammation index (SII) Platelet (/uL) × neutrophil (/uL)/lymphocyte (/uL)
C-reactive protein–neutrophil–lymphocyte ratio
(inflammatory burden index, IBI)

C-reactive protein (mg/L) × neutrophil (/uL)/lymphocyte (/uL)

Glasgow Prognostic Score (GPS) C-reactive protein ≤ 10 mg/L and albumin ≥35 g/L: 0 score
C-reactive protein ≤ 10 mg/L or albumin < 35 g/L: 1 score
C-reactive protein > 10 mg/L and albumin < 35 g/L: 2 score

Modified Glasgow Prognostic Score (mGPS) C-reactive protein ≤ 10 mg/L and albumin ≥ 35 g/L: 0 score
C-reactive protein ≤ 10 mg/L and albumin < 35 g/L: 0 score
C-reactive protein > 10 mg/L: 1 score
C-reactive protein > 10 mg/L and albumin < 35 g/L: 2 score

Lymphocyte C-reactive protein score (LCS) Lymphocyte ≥ 1 × 10^9/L and C-reactive protein ≤ 3 mg/L: 0 score;
Lymphocyte ≤ 1 × 10^9/L or C-reactive protein ≥ 3 mg/L: 1 score;
Lymphocyte < 1 × 10^9/L and C-reactive protein > 3 mg/L: 2 score

Neutrophil-C-reactive protein score (NC) Neutrophil (/uL) × C-reactive protein score (mg/L)
Platelet-C-reactive protein score (PC) Platelet (/uL) × C-reactive protein score (mg/L)
Neutrophil–platelet score (NP) Neutrophil (/uL) × platelet score (/uL)
Lymphocyte–albumin score (LA) Lymphocyte (/uL) × albumin (g/dL) score
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revealed that a high IBI was an independent risk factor for
90-day outcomes in patients with NSCLC (odds ratio
[OR] = 1.789, 95% CI: 1.489–2.151; P < 0.001). In total,
594 (32.2%) patients with NSCLC were hospitalized for
more than 14 days. With an increase in the IBI, the risk
of prolonged hospitalization gradually increased. After
excluding patients with infectious complication (61 cases),
the IBI was still an independent factor affecting length of
hospitalization (OR = 1.560, 95% CI: 1.256–1.938,
P < 0.001). With the Q1 group as the reference, the ORs

in the Q2, Q3 and Q4 groups were 1.146, 1.430 and
1.993, respectively. There were 628 (34.1%) patients whose
hospitalization expenses exceeded 20,000 yuan. A high IBI
was an adverse factor affecting hospitalization expenses in
patients with NSCLC (OR = 1.476, 95% CI: 1.195–1.822,
P < 0.001). Patients with an extremely high IBI had a
>2-fold higher risk of high hospitalization expenses than
those with a low IBI (Q4 vs. Q1). Further, IBI was also an
independent factor affecting cachexia (OR = 1.741,
95%CI = 1.374–2.207, P < 0.001). Compared with the Q1

Table 2 Comparative analysis of the discrimination of each systemic inflammation-related biomarkers for all-cause mortality in non-small cell lung
cancer

Discrimination ability

C-statistic

Difference Difference P value

IBI 0.640(0.617,0.663) Ref
NLR 0.633(0.610,0.656) �0.007(�0.025, 0.013) 0.470
CALLY 0.631(0.608,0.655) �0.008(�0.015, �0.001) 0.018
LCR 0.629(0.606,0.653) �0.011(�0.018, �0.004) 0.003
NC 0.629(0.606,0.652) �0.011(�0.017, �0.005) <0.001
CAR 0.623(0.599,0.646) �0.017(�0.025, �0.009) <0.001
SII 0.614(0.591,0.638) �0.026(�0.044, �0.007) 0.007
GPS 0.610(0.588,0.631) �0.030(�0.044, �0.017) <0.001
NAR 0.614(0.590,0.638) �0.026(�0.046, �0.005) 0.013
PC 0.611(0.588,0.635) �0.029(�0.038, �0.019) <0.001
mGPS 0.605(0.584,0.626) �0.035(�0.048, �0.022) <0.001
PLR 0.580(0.556,0.604) �0.060(�0.082, �0.038) <0.001
NP 0.579(0.555,0.603) �0.061(�0.085, �0.038) <0.001
LA 0.581(0.557,0.604) �0.059(�0.084, �0.035) <0.001
LCS 0.567(0.547,0.588) �0.072(�0.089, �0.054) <0.001
PAR 0.550(0.526,0.574) �0.090(�0.114, �0.065) <0.001

CALLY, C-reactive protein–albumin–lymphocyte index; CAR, C-reactive protein-to-albumin ratio; GPS, Glasgow Prognostic Score; IBI, in-
flammatory burden index; LA, lymphocyte–albumin score; LCR, lymphocyte-to-C-reactive protein ratio; LCS, lymphocyte C-reactive protein
score; mGPS, Modified Glasgow Prognostic Score; NAR, neutrophil-to-albumin ratio; NC, neutrophil-C-reactive protein score; NLR, neutro-
phil-to-lymphocyte ratio; NP, neutrophil–platelet score; PAR, platelet-to-albumin ratio; PC, platelet-C-reactive protein score; PLR, platelet-
to-Lymphocyte ratio; SII, systemic-immune-inflammation index.

Figure 2 Kaplan–Meier curve of inflammatory burden index in patients with non-small cell lung cancer.
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group, the ORs of the Q2, Q3 and Q4 groups were 1.124,
1.529 and 2.318, respectively (Table 4).

Internal cohort validation

To further validate the relationship between the IBI and sur-
vival in NSCLC patients, we randomly divided the total popu-
lation into validation cohorts A (1291 patients) and B (552 pa-
tients) at a ratio of 7:3. A comparison of clinicopathological
features between the cohorts indicated good independence
(Table S4). The IBI still provided good prognostic differentia-
tion in the two validation cohorts. NSCLC patients with a high
IBI had a significantly worse prognosis than those with a low
IBI (validation cohort A, 37.00% vs. 57.52%; validation cohort
B, 31.68% vs. 56.55%) (Figure S5). Multivariable Cox propor-
tional hazards regression analysis showed that the IBI was
an independent factor affecting the prognosis of NSCLC pa-
tients in validation cohort A (HR = 1.268, 95% CI: 1.132–
1.421, P < 0.001) and validation cohort B (HR = 1.280, 95%
CI: 1.132–1.448, P < 0.001) (Table S5).

Discussion

It is widely believed that tumour-associated inflammation is
the response of the body’s immune system to tumour cells.
Non-controllable inflammation is closely related to tumour
occurrence, development, invasion and metastasis.21,22 As
the most representative tumour–host interaction, tumour-
associated inflammation is considered a hallmark of cancer.23

It can alter the tumour microenvironment by altering the rate
of stromal cell turnover and polarizing the immunosuppres-
sive capacity of immune cells, thereby promoting tumour
growth.24 The haematological products of the inflammatory
process can be considered as potential biomarkers. However,
few studies have compared the performances of existing hae-
matological systemic inflammation biomarkers for predicting
the prognosis of NSCLC patients. In the current study, we sys-
tematically and comprehensively compared the prognostic
value of 16 systemic inflammation biomarkers composed of
peripheral blood features in patients with NSCLC. We found
that the majority of systemic inflammation biomarkers were
independently associated with the prognosis of patients with

Figure 3 The association between inflammatory burden index and overall survival in patients with non-small cell lung cancer. Notes: Model a: Not
adjusted. Model b: Adjusted for age, sex, BMI and TNM stage. Model c: Adjusted for age, sex, BMI, TNM stage, surgery, radiotherapy, chemotherapy,
hypertension, diabetes, smoking, drinking and family history.

Table 3 Association between inflammatory burden index and overall survival of patients with non-small cell lung cancer

IBI Model a P value Model b P value Model c P value

Continuous (per SD) 1.376 (1.275,1.486) <0.001 1.255 (1.158,1.36) <0.001 1.229 (1.131,1.335) <0.001
Cut-off value <0.001 <0.001 <0.001
C1 (<17) ref ref ref
C2 (≥17) 2.192 (1.929,2.492) 1.704 (1.495,1.944) 1.592 (1.393,1.819)

Quartiles
Q1 (<5.23) ref ref ref
Q2 (5.23–16.38) 1.227 (1.006,1.497) 0.044 1.105 (0.905,1.349) 0.326 1.078 (0.883,1.317) 0.459
Q3 (16.38–80.63) 2.025 (1.677,2.445) <0.001 1.611 (1.332,1.949) <0.001 1.472 (1.214,1.785) <0.001
Q4 (80.63) 3.022 (2.516,3.63) <0.001 2.083 (1.724,2.516) <0.001 1.926 (1.591,2.331) <0.001

P for trend <0.001 <0.001 <0.001

Model a: No adjusted. Model b: Adjusted for age, sex, BMI, TNM stage. Model c: Adjusted for age, sex, BMI, TNM stage, surgery, radio-
therapy, chemotherapy, hypertension, diabetes, smoking, drinking, family history.
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NSCLC. Notably, the IBI had the best accuracy in predicting
the prognosis of patients with NSCLC.

Utility of the IBI as a biomarker

The IBI is a haematological biomarker newly developed by
our team to evaluate the inflammatory status and survival

of patients with cancer.11 At present, the prognostic value
and scope of application of the IBI in the prognostic
assessment of patients with NSCLC are still unknown. We
determined the optimal threshold for the IBI for predicting
prognosis in patients with NSCLC to be 17. A high IBI was
significantly associated with adverse outcomes, including
poor nutritional status, high inflammation and advanced
pathological stage. A high IBI also seriously affected the

Table 4 Logistic regression analysis of inflammatory burden index associated with secondary outcomes

90-day outcomes

IBI Model a P value Model b P value Model c P value

Continuous (per SD) 2.049 (1.727,2.431) <0.001 1.839 (1.541,2.196) <0.001 1.789 (1.489,2.151) <0.001
Cut-off value <0.001 <0.001 <0.001
C1 (<17) ref ref ref
C2 (≥17) 6.564 (4.13,10.432) 4.551 (2.834,7.309) 4.037 (2.497,6.527) <0.001

Quartiles
Q1 (<5.23) ref ref ref
Q2 (5.23–16.38) 0.564 (0.234,1.357) 0.2011 0.453 (0.186,1.101) 0.080 0.410 (0.168,1.004) 0.051
Q3 (16.38–80.63) 2.069 (1.075,3.984) 0.0295 1.439 (0.738,2.805) 0.286 1.152 (0.584,2.274) 0.683
Q4 (≥80.63) 8.398 (4.714,14.961) <0.001 4.733 (2.604,8.602) <0.001 3.876 (2.114,7.105) <0.001

P for trend <0.001 <0.001 <0.001

Length of hospitalization (≥14 days), excluding patients with infectious complication (61 cases)

IBI Model a P value Model b P value Model c P value

Continuous (per SD) 1.103 (0.957,1.271) 0.175 1.101 (0.954,1.27) 0.187 1.099 (0.95,1.271) 0.204
Cut-off value <0.001 <0.001 <0.001
C1 (<17) ref ref ref
C2 (≥17) 1.563 (1.277,1.911) 1.604 (1.299,1.981) 1.560 (1.256,1.938)

Quartiles
Q1 (<5.23) ref ref ref
Q2 (5.23–16.38) 1.165 (0.865,1.569) 0.269 1.168 (0.865,1.577) 0.311 1.146 (0.846,1.554) 0.379
Q3 (16.38–80.63) 1.471 (1.099,1.968) 0.010 1.497 (1.111,2.016) 0.008 1.430 (1.053,1.941) 0.022
Q4 (≥80.63) 1.944 (1.46,2.588) <0.001 2.065 (1.527,2.793) <0.001 1.993 (1.462,2.717) <0.001

P for trend <0.001 <0.001 <0.001

Hospitalization expenses (≥20 000 RMB)

IBI Model a P value Model b P value Model c P value

Continuous (per SD) 1.212 (1.056,1.392) 0.006 1.206 (1.049,1.386) 0.009 1.198 (1.04,1.381) 0.012
Cut-off value <0.001 <0.001 <0.001
C1 (<17) ref ref ref
C2 (≥17) 1.468 (1.21,1.782) 1.486 (1.214,1.820) 1.476 (1.195,1.822)

Quartiles
Q1 (<5.23) ref ref ref
Q2 (5.23–16.38) 1.410 (1.061,1.872) 0.018 1.434 (1.077,1.909) 0.014 1.443 (1.077,1.934) 0.014
Q3 (16.38–80.63) 1.470 (1.108,1.951) 0.008 1.514 (1.134,2.023) 0.005 1.498 (1.110,2.023) 0.008
Q4 (≥80.63) 2.060 (1.560,2.720) <0.001 2.159 (1.611,2.895) <0.001 2.146 (1.582,2.910) <0.001

P for trend <0.001 <0.001 <0.001

Cachexia

IBI Model a P value Model b P value Model c P value

Continuous (per SD) 1.388 (1.200,1.606) <0.001 1.237 (1.063,1.439) 0.006 1.223 (1.047,1.427) 0.011
Cut-off value <0.001 <0.001 <0.001
C1 (<17) ref ref ref
C2 (≥17) 2.263 (1.831,2.795) 1.796 (1.423,2.267) 1.741 (1.374,2.207)

Quartiles
Q1 (<5.23) ref ref ref
Q2 (5.23–16.38) 1.184 (0.852,1.645) 0.3149 1.138 (0.801,1.616) 0.470 1.124 (0.790,1.599) 0.517
Q3 (16.38–80.63) 1.84 (1.346,2.517) <0.001 1.593 (1.138,2.232) 0.007 1.529 (1.086,2.154) 0.015
Q4 (≥80.63) 3.418 (2.528,4.623) <0.001 2.403 (1.724,3.351) <0.001 2.318 (1.654,3.248) <0.001

P for trend <0.001 <0.001 <0.001

Model a: No adjusted. Model b: Adjusted for age, sex, BMI, TNM stage. Model c: Adjusted for age, sex, BMI, TNM stage, surgery, radio-
therapy, chemotherapy, hypertension, diabetes, smoking, drinking, family history.
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quality of life and physical function of patients with NSCLC.
In addition, it significantly increased the cost of medical
care, including higher hospitalization costs and longer
hospitalization. These findings suggest that IBI monitoring
can serve as a reference for monitoring disease progression
and treatment efficacy. A high IBI was significantly associ-
ated with poor prognosis and was an independent prognos-
tic factor for OS in patients with NSCLC. In addition, the IBI
effectively differentiated the prognosis of NSCLC patients
with the same pathological stage; therefore, it can provide
additional prognostic guidance for patients with NSCLC be-
yond the pathological stage. Subsequent internal validation
cohorts demonstrated that the IBI is a simple, effective,
reproducible biomarker for the prognostic assessment of
patients with NSCLC. Weight loss is an important factor in
the assessment of cachexia and prognostic evaluation of
patients with cancer.25 However, the clinical assessment of
weight loss depends mainly on self-reporting of cancer
patients, and weight loss data are often lacking clinically.
In this study, we found that IBI was independently associ-
ated with 90-day outcomes and cachexia in patients with
NSCLC, which indicated that IBI can be used as an objective
and effective tool for cancer cachexia in addition to weight
loss.

The IBI combines multiple systemic markers to
improve its effectiveness

The advantage of the IBI in the prognostic assessment of
patients with NSCLC may be that it measures the balance
between acute and immune inflammation by combining
CRP, neutrophils and lymphocytes. CRP is the most widely
used biomarker for clinical measurement of inflammation.
CRP is an acute-phase protein synthesized by hepatocytes
in response to inflammatory stimuli.22 Persistently elevated
CRP levels often predict poor prognosis and indicate metas-
tasis in cancer patients.23,24 CRP is not only a marker of in-
flammation but also has many key pro-inflammatory prop-
erties. CRP can induce the initiation of endothelial and
smooth muscle cells and promote the expression of adhe-
sion molecules, chemoattractants and vascular endothelial
growth factor, which are essential for tumour invasion.25,26

In addition, some studies have found that CRP can directly
affect the function of immune active cells, thereby affecting
the body’s cytotoxic immune response and promoting tu-
mour immune escape.27,28 Neutrophils and lymphocytes
are important components of humoral immunity, playing
key roles in chemotaxis, phagocytosis, intracellular killing
and adaptive immune regulation.29–31 As a systemic
inflammation biomarker, the IBI has broad clinical applica-
tion prospects for predicting the prognosis of patients with
NSCLC.

Study strengths and limitation

To our knowledge, this is the first study to comprehensively
assess the prognostic value of haematological systemic in-
flammation biomarkers in patients with NSCLC. We found
for the first time that the IBI was the best systemic inflamma-
tion biomarker for predicting the prognosis of patients with
NSCLC. We subsequently determined that the IBI was inde-
pendently associated with OS, 90-day outcomes, length of
hospitalization, hospitalization expenses and cachexia in
NSCLC patients. In addition, we determined that the optimal
threshold of the IBI for predicting prognosis of patients with
NSCLC was 17. Our findings may contribute to a deeper un-
derstanding of the nature of the relationship between sys-
temic inflammation and survival in NSCLC patients, thereby
providing a valuable reference for the selection of systemic
inflammation biomarkers for prognostic assessment, predic-
tion of treatment efficacy and follow-up monitoring of NSCLC
patients.

In previous exploration,16 nutritional and systemic inflam-
mation indicators are often mixed and compared in the pre-
diction of tumour prognosis, which is obviously inappropri-
ate. Systemic inflammation may change earlier than
nutritional status and may be a more sensitive symbol of
host-tumour related effects. Changes in nutritional indicators
(BMI and weight loss) are more likely to be a late manifesta-
tion of cancer patients. As a result, the weight of nutritional
indicators is usually too large in comparison. Different from
the previous research, this study comprehensively evaluated
the prognostic value of various combinations of common,
clinically used serum pro-inflammatory parameters and
anti-inflammatory parameters in patients with NSCLC. This
study was purely performed to evaluate the relationship be-
tween serum systemic inflammation markers and NSCLC,
and it provides a direction for the comprehensive evaluation
of systemic inflammation in the macroscopic phenotype of
NSCLC. It may be a potential direction of serological research
to shift from the composite study of nutritional/systemic in-
flammation indicators to the study of pure systemic inflam-
mation indicators.

However, this study has a few limitations. First, the pa-
tients included in this study were all Chinese, and it is unclear
whether these findings are applicable to other ethnic groups.
Second, this study was a national multicentre study. Although
the selection bias found in single-centre studies was not a
concern, there may have been a bias due to differences in
the treatment level and testing equipment of each participat-
ing centre. The institutions were all tertiary hospitals in
China, and the staff were uniformly trained before the pa-
tients were enrolled. These measures can reduce the bias
caused by differences between different centres to a certain
extent. In addition, although the results of this study were in-
ternally validated, further external validation is needed
through stricter inclusion criteria, larger sample sizes and

876 H. Xie et al.

Journal of Cachexia, Sarcopenia and Muscle 2023; 14: 869–878
DOI: 10.1002/jcsm.13199



prospective studies. Finally, due to the lack of additional
survival data, including cancer-specific survival and
recurrence-free survival, this study cannot explore the rela-
tionship between IBI and other survival outcomes in NSCLC
patients, which needs to be further explored in the future.

Conclusion

Our study demonstrates that the IBI is the optimal systemic
inflammation biomarker for predicting the prognosis of
NSCLC. The IBI was independently associated with OS,
90-day outcomes, length of hospitalization, hospitalization
expenses and cachexia in NSCLC patients.
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