Journal of Inflammation Research Dove

ORIGINAL RESEARCH

Association of Neutrophil-to-Lymphocyte Ratio
with Nutrition in Patients with Various Types of
Malignant Tumors: A Multicenter Cross-Sectional
Study

Lihua Kang', Xiangliang Liu', Wei Ji', Kaiwen Zheng®', Yuguang Li%, Yanqiu Song®', Hua He',
Xiaomeng Wang', Tingting Yang', Meng Guan', Ge Zhu', Yangyang Gao', Yanjie Guan', Lei Wang',
Wei Li'

!Cancer Center, The First Hospital of Jilin University, Changchun, Jilin Province, People’s Republic of China; 2College of Instrumentation and Electrical
Engineering, Jilin University, Changchun, Jilin Province, People’s Republic of China

Correspondence: Wei Li, Cancer Center, The First Hospital of Jilin University, No. 7| Xinmin Street, Changchun, 130021, People’s Republic of China,
Tel +86-13756661267, Email liwei66@jlu.edu.cn

Aim: Neutrophil-to-lymphocyte ratio (NLR) is an index of systemic inflammation. This study is to clarify the role of NLR in body
functional status, nutritional risk and nutritional status in the course of tumor.

Methods: A multi-center cross-sectional study of patients with various types of malignant tumors was accrued from the whole
country. There were 21,457 patients with completed clinical data, biochemical indicators, physical examination, the Patient-Generated
Subjective Global Assessment (PG-SGA) and Nutrition Risk Screening 2002 (NRS2002) survey. Logistic regression analysis was used
to figure out the influencing factors of NLR, and four models were established to evaluate the influence of NLR on body functions,
nutritional risks and nutritional status.

Results: Male patients, TNM stage IV, total bilirubin, hypertension and coronary atherosclerotic heart disease (CAHD) were
independent predictors of NLR >2.5. BMI, digestive systemic tumors and triglyceride negatively affect NLR in multivariable logistic
regression. NLR was an independent predictor of Karnofsky Performance Scale (KPS), fat store deficit in all degrees, moderate and
severe muscle deficit, mild fluid retention and PG-SGA grade.

Conclusion: Male patients and those with hypertension and CAHD are prone to systemic inflammation. Systemic inflammation
significantly degrades body function status and nutritional status, increases nutritional risk and influences fat and muscle metabolism in
patients with malignant tumor. Improving the intervenable indicators such as elevating albumin and pre-albumin, decreasing total
bilirubin and enhancing nutrition support are imperative. Obesity and triglyceride behave like anti-systemic inflammation, which is
misleading due to reverse causation in the course of malignancy.
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Introduction

Currently, it is widely accepted that systemic inflammatory response has been shown to play an important role in the development
and metastases of various types of malignant tumors. The inflammation in tumor microenvironment is characterized by the
presence of host leucocytes both in stroma and tumor site." It has been associated with unsatisfactory clinical outcomes, affecting
tumor proliferation, angiogenesis, metastasis, and response to treatment.> Common systematic inflammatory markers used in
clinical practice include neutrophil, C-reactive protein (CRP), the Glasgow Prognostic Score (GPS) or its modified version.*
Besides, lymphocyte is regarded as the surrogate of cell-mediated immunity. The neutrophil-to-lymphocyte ratio (NLR) is derived
from the absolute neutrophil count divided by the absolute lymphocyte count, which represents unique immune status under
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cancer circumstance. Thus, NLR should be a reliable, inexpensive and convenient marker.” In recent years, emerging evidence has
demonstrated the role of NLR in evaluating treatment response and predicting prognosis in almost all kinds of cancer.® '

Nutrition-related status also plays an important role in malignant tumors. Malignant tumor patients, especially those of the
digestive system tumors often suffer from an absence of appetite, nausea, diarrhea and abdominal discomfort, which cause tissue
wasting and malnutrition, even cachexia.'""'? The decreased body function and malnutrition may result in increased susceptibility
to infection, an increased risk of complications, poor response and unplanned interruptions of treatments, a lower quality of life,
reduced survival and higher health-care costs.'> !> It can also contribute to tumor development through the suppression of anti-
tumor immunity.'®

Systemic inflammatory response is clearly implicated in the progressive nutritional and functional decline in malignant tumor
patients. The underlying metabolic alterations associated with systemic inflammation may contribute to the development of loss of
body function and malnutrition in these patients.'”'® In the current study, we investigate the association between NLR and body
functional status, nutritional risk and nutritional status in a large number of patients with various types of malignant tumor, in order

to further clarify the role of systemic inflammation in nutrition-related status in the course of malignant tumor.

Patients and Methods

Patients

The study was part of the Investigation on Nutritional Status and its Clinical Outcomes of Common Cancers (INSCOC), a multi-
center cross-sectional observational study of patients with various types of cancer, which was initiated and implemented by the
Chinese Cancer Society Nutrition and Support Committee which complied with the Helsinki Declaration and was approved by the
Ethical Committee of all participating hospitals (Supplementary 1). According to the INSCOC project, all information was
collected within 48 hours at admission. There were 21,457 patients and their completed clinical data, biochemical indicators,
physical examination and the Nutrition Risk Screening 2002 (NRS2002) and the Patient-Generated Subjective Global
Assessment (PG-SGA) questionnaire. The process of data selection and analysis are listed briefly in Figure 1.

Records identified through
database searching

(n=24535)
Records excluded (#=3078)
| Reasons:
"| Duplicated (n=520)
Uncompleted information (n=1875)
v Unreasonable variable assignments (#=683)

Records included for analysis
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A 4
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Figure | Flowchart of data selection and analysis.
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Methods

NLR

NLR was calculated by neutrophils/lymphocytes using data from a complete blood count that was routinely performed at the time
of admission. Our study defined 2.5 as the cutoff value of NLR according to a meta-analysis based on the data from 13 studies with
3729 patients, which suggested that cutoff value of 2.5 showed a significant prognostic effect on disease-free survival and overall
survival."”

Body Functional Status

Karnofsky Performance Scale (KPS) was committed by professional physicians at the time of admission. And the KPS was
classified into three levels by 0-50 score, 60—80 score and 90—100 score, which were used to represent the body functional status
of individuals as disability, partial disability and ability.

Nutritional Risk

NRS2002 questionnaire was also done when admission to evaluate the risk of malnutrition by professional physicians. NRS2002
<3 score meant no malnutrition risk, and re-evaluation was needed regularly, but when the score >3, the patients were regarded as
in risk of malnutrition and future evaluation of nutritional status should be performed.

Nutritional Status

PG-SGA,? a validated tool, was used to assess patients’ nutritional status and completed at the time of admission. All
assessment personnel were trained by INSCOC to minimize the bias. Patients with PG-SGA score 0—1 were considered
well nourished, PG-SGA score 2—-3 were mildly malnourished, PG-SGA score 4-8 were moderately malnourished and
PG-SGA score >9 were severely malnourished. The worksheet 4 of PG-SGA evaluated the overall condition of fat stores,
muscle status and fluid status. In fat stores and muscle status, score 0 meant in normal condition, score 1 meant mild
deficit, score 2 meant moderate deficit and score 3 meant severe deficit. In fluid status, ascites and edema in ankle and
sacrum are evaluated to normal condition (score 0), mild retention (score 1), moderate retention (score 2) and severe

retention (score 3).

Statistical Analysis

All the statistical analyses were performed using the SPSS statistical package (version 26.0; SPSS, Chicago, IL) and R project for
statistical computing (version 4.2.2). All categorical variables are described by frequency and percentage. Chi-square test was
used to assess the significance of differences between categorical variable groups. Spearman correlation analysis was done to test
the correlations between categorical variables. Univariate and multivariate (Forward: Wald) logistic regression analysis were used
to figure out the influencing factors of NLR. Four models were established to evaluate the influence of NLR on body functional
status, nutritional risk, metabolic status and nutritional status. The P < 0.05 stands for statistically significant differences.

Results

Demographics and Clinical-Pathologic Characteristics

Among the 21,457 involved patients, 47.8% suffered digestive system tumors and 29.0% were in TNM stage IV. The
non-digestive system tumors mainly including lung cancer (16.6%), breast cancer (13.2%), nasopharyngeal cancer
(6.2%) and cervical cancer (4.6%). BMI of 11.6% patients was below 18.5kg/m?. Twenty percent of patients were
overweight (BMI 25.0 kg/m>-29.9 kg/m?) and 2.5% patients were obese (BMI >30.0 kg/m?). Thirty-two percent of
patients combined with underlying disease. Hypertension and coronary atherosclerotic heart disease (CAHD) were most
frequent in the prevalence of 13.4% and 3.8%, and diabetes was in the prevalence of 3.6%. While 81.7% patients
received antineoplastic therapy, mere 26.4% patients received nutrition support therapy before. According to PG-SGA
classification, the proportions of well nutrition, mild malnutrition, moderate malnutrition and severe malnutrition were

20.5%, 21.7%, 31.5% and 26.3%, respectively. Other clinical-pathologic characteristics in detail are shown in Table 1.
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Table 1 Demographics and Clinical-Pathologic Characteristics [n (%)]
Variables Total NLR* P
NLR <2.5 NLR >2.5

Age (year) <0.001
<65 15,728 (73.3) 8003 (76.4) 7725 (70.3)
265 5729 (26.7) 2468 (23.6) 3261 (29.7)

Gender <0.001
Female 10,179 (47.5) 5410 (51.7) 4769 (43.4)
Male 11,278 (52.6) 5061 (48.3) 6217 (56.6)

BMI (kg/m?) <0.001
<185 2489 (11.6) 966 (9.2) 1523 (13.9),
18.5~24.9 14,140 (65.9) 6888 (65.8) 7252 (66.0)
25.0~29.9 4291 (20.0) 2317 (22.1)p 1974 (18.0)
230.0 537 (2.5) 300 (2.9)s 237 (2.1)

Tumor types <0.001
Digestive system 10,256 (47.8) 4849 (46.3) 5407 (49.2)
Non-digestive system 11,201 (52.2) 5622 (53.7) 5579 (50.8)

TNM stage <0.001
I+1I+1l stage 15,277 (71.0) 7864 (75.1) 7413 (67.5)
IV stage 6180 (29.0) 2607 (24.9) 3573 (32.5)

Albumin (g/L) <0.001
<40 11,286 (52.6) 4630 (44.2) 6656 (60.6)
240 10,171 (47.4) 5841 (55.8) 4330 (394)

Pre-albumin (mg/L) <0.001
<0.18 3219 (15.0) 1118 (10.7) 2101 (19.1)
20.18 18,238 (85.0) 9353 (89.3) 8885 (80.9)

Triglyceride (mmol/L) <0.001
<1.8 16,758 (78.1) 7970 (76.1) 8788 (80.0)
>1.8 4699 (21.9) 2501 (23.9) 2198 (20.0)

Total cholesterol (mmol/L) 0.058
<6 19,161 (89.3) 9310 (88.9) 9851 (89.7)
>6 2296 (10.7) 116l (I11.1) 1135 (10.3)

Hyperbilirubinemia <0.001
No 20,706 (96.5) 10,257 (98.0) 10,449 (95.1)
Yes 751 (3.5) 214 (2.0) 537 (4.9)

AST (U/L) <0.001
<40 19,035 (88.7) 9396 (89.7) 9639 (87.7)
>40 2422 (11.3) 1075 (10.3) 1347 (12.3)

ALT (U/L) <0.001
<50 19,461 (90.7) 9617 (91.8) 9844 (89.6)
>50 1996 (9.3) 854 (8.2) 1142 (10.4)

Creatinine (umol/L) 0.021
<78.1 16,372 (76.3) 8068 (77.1) 8304 (75.6)
>78.1 5085 (23.7) 2403 (22.9) 2682 (24.4)

Underlying disease <0.001
No 14,583 (68.0) 7314 (69.9)s 7269 (66.2)
Stroke 147 (0.7) 60 (0.6) 87 (0.8)
COPD 234 (1.1) 93 (0.9) 141(1.3),
CAHD 818 (3.8) 359 34) 459 (4.2),
Hypertension 2885 (13.4) 1314 (12.5) 1571 (14.3),
Hepatitis 800 (3.7) 408 (3.9) 392 (3.6)
Cirrhosis 99 (0.5) 50 (0.5) 49 (0.4)
Diabetes 762 (3.6) 328 (3.1) 434 (4.0),

(Continued)
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Table | (Continued).

Variables Total NLR* P
NLR <2.5 NLR >2.5

Other disease 1129 (5.3) 545 (5.2) 584 (5.3)

Antineoplastic therapy <0.001
No 3937 (18.3) 2074 (19.8) 1863 (17.0)
Yes 17,520 (81.7) 8397 (80.2) 9123 (83.0)

Nutrition support therapy <0.001
No 15,792 (73.6) 8175 (78.1) 7617 (69.3)
Yes 5665 (26.4) 2296 (21.9) 3369 (30.7)

KPS grade <0.001
0-50 score 1154 (5.4) 216 (2.1) 938 (8.5)
60-80 score 5495 (25.6) 2123 (20.3) 3372 (30.7)
90-100 score 14,808 (69.0) 8132 (77.6) 6676 (60.8)

NRS2002 grade <0.001
<3 score 15,299 (71.3) 7982 (76.2) 7317 (66.6)
23 score 6158 (28.7) 2489 (23.8) 3669 (33.4)

Fat stores <0.001
Normal condition 13,775 (64.2) 7307 (69.8), 6468 (58.9)
Mild deficit 5257 (24.5) 2269 (21.7) 2988 (27.2),
Moderate deficit 1910 (8.9) 721 (6.9) 1189 (10.8),
Severe deficit 515 (24) 174 (1.6) 341 (3.1),

Muscle status <0.001
Normal condition 9119 (42.5) 5050 (48.2), 4069 (37.0)
Mild deficit 8304 (38.7) 3867 (36.9) 4437 (40.4),
Moderate deficit 3111 (14.5) 1251 (11.9) 1860 (16.9),
Severe deficit 923 (4.3) 303 (2.9) 620 (5.6),

Fluid status <0.001
Normal condition 19,419 (90.5) 9740 (93.0) 9679 (88.1),
Mild retention 1481 (6.9) 601 (5.7) 880 (8.0),
Moderate retention 407 (1.9) 109 (1.0) 298 (2.7),
Severe retention 150 (0.7) 21 (0.2) 129(1.2),

PG-SGA grade <0.001
0-1 4399 (20.5) 2683 (25.6)p 1716 (15.6)
2-3 4656 (21.7) 2575 (24.6), 2081 (18.9)
4-8 6759 (31.5) 3261 (31.1) 3498 (31.8)
29 5643 (26.3) 1952 (18.6) 3691 (33.6),

Notes: *Each subscript letter denotes a subset of group categories. The subscript indicates the column proportions
differ significantly from the others at the 0.05 level. Hyperbilirubinemia: Total bilirubin >30umol/L.

Abbreviations: BMI, body mass index; TNM stage, the Tumor Node Metastasis classification by the American Joint
Committee on Cancer (AJCC) 7th Edition; AST, aspartate aminotransferase; ALT, alanine aminotransferase; COPD, chronic
obstructive pulmonary disease; CAHD, coronary atherosclerotic heart disease; KPS, Karnofsky Performance Scale; NRS2002,
Nutrition Risk Screening 2002; PG-SGA, Patient-Generated Subjective Global Assessment.

Differences of Clinical-Pathologic Characteristics Between the NLR Subgroups

In order to further understand the relationship between NLR and clinical-pathologic characteristics, all of the enrolled
patients were divided according to their NLR and NLR in subgroups were analyzed. NLR >2.5 was more frequently
observed in patients suffered digestive system tumors and with TNM stage IV (P < 0.001). Likewise, NLR >2.5 was also
more frequently observed in patients >65 years of age, male patients, patients with BMI <18.5, patients with underlying
disease of chronic obstructive pulmonary disease (COPD), CAHD, hypertension and diabetes, patients with KPS 0-80
score, patients with NRS2002 >3 score and patients with PG-SGA >9 score (P < 0.001). NLR >2.5 was more frequently
observed in patients with mild to severe deficit of fat stores and muscle status, and in all subgroups of fluid status (P <
0.001). NLR did differ by hyperbilirubinemia, albumin, pre-albumin, AST, ALT, triglyceride, and creatinine levels (P <
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0.05). In contrast, NLRs did not differ by total cholesterol (P = 0.058). Besides, NLR is also related to antineoplastic
therapy history (P < 0.001) and nutrition support therapy history (P < 0.001) (Table 1).

Univariate and Multivariate Logistic Regression Analysis of NLR>2.5

After examination of correlations between clinical-pathologic characteristics and NLR in Supplementary 2, logistic
regression analysis was done to figure out the influencing factors of NLR. In the univariate analysis as detailed in
Table 2, all included factors were significant predictors of NLR >2.5 (P < 0.05) except total cholesterol (P =0.082), hepatitis
(P =0.650), cirrhosis (P=0.948), and others in underlying disease (P = 0.218). However, variables such as age, AST, ALT,
creatinine and antineoplastic therapy were not significant predictors in the multivariate analysis. Indeed, all underlying
disease except hypertension (OR = 1.409, 95% CI 1.066—-1.861, P=0.016) and CAHD (OR =1.219, 95% CI 1.045-1.422,
P = 0.012) were not significant predictors of NLR >2.5. Male patients (OR = 1.308, 95% CI 1.169-1.463), non-digestive
system cancer (OR = 1.145, 95% CI 1.021-1.284), TNM stage IV (OR = 1.526, 95% CI 1.359—-1.713), hyperbilirubinemia
(OR =2.238, 95% CI 1.609-3.113), hypertension (OR = 1.409, 95% CI 1.066-1.861), CAHD (OR =1.219, 95% CI 1.045-
1.422) and nutrition support therapy (OR = 1.548, 95% CI 1.359—-1.764) remained strong independent predictors of NLR
>2.5 (P <0.05). Besides albumin (OR = 0.744, 95% CI 0.666—0.830), pre-albumin (OR = 0.722, 95% CI 0.662—0.900) and
triglyceride (OR = 0.812, 95% CI 0.711-0.926) was unfavorable predictors of NLR >2.5. Taking BMI 18.5kg/m*~24.9 kg/
m? as reference, the OR (95% CI) for BMI <18.5 kg/m” and 25.0 kg/m®-29.9 kg/m? were 1.282 (1.078—1.524) and 0.847

Table 2 Univariate and Multivariate Regression Analysis of NLR

Variables Univariate Multivariate
OR (95% CI) P OR (95% CI) P
Age (<65y Ref) 1.371 (1.290-1.457) <0.001
Gender (Female Ref.) 1.394 (1.321-1.471) <0.001 1.308 (1.169—1.463) <0.001
BMI (18.5~24.9kg/m? Ref.)
<185 1.492 (1.368-1.628) <0.001 1.282 (1.078-1.524) 0.005
25.0~29.9 0.818 (0.764-0.876) <0.001 0.847 (0.739-0.972) 0.018
230.0 0.761 (0.640-0.906) 0.002 0.832 (0.585—1.183) 0.306
Tumor types (Digestive system Ref.) 0.888 (0.842-0.938) <0.001 1.145 (1.021-1.284) 0.021
TNM stage (I+11+l1l stage Ref.) 1.483 (1.373-1.602) <0.001 1.526 (1.359-1.713) <0.001
Albumin (<40 g/L Ref) 0.515 (0.488-0.544) <0.001 0.744 (0.666—0.830) <0.001
Pre-albumin (<0.18mg/L Ref.) 0.502 (0.458-0.550) <0.001 0.772 (0.662-0.900) 0.001
Triglyceride (<1.8mmol/L Ref.) 0.794 (0.727-0.866) <0.001 0.812 (0.711-0.926) 0.002
Total cholesterol (S6mmol/L Ref.) 0.903 (0.804-1.013) 0.082
Hyperbilirubinemia (No Ref.) 2.470 (2.098-2.908) <0.001 2.238 (1.609-3.113) <0.001
AST (<40 U/L Ref.) 1.338 (1.228-1.458) <0.001
ALT (=50 U/L Ref.) 1.305 (1.187-1.434) <0.001
Creatinine (<78.1umol/L Ref.) 1.079 (1.013-1.150) 0.019
Underlying disease (No Ref.)
Stroke 1.460 (1.049-2.032) 0.025 2.075 (0.961—4.481) 0.063
COPD 1.527 (1.173-1.988) 0.002 1.478 (0.869-2.516) 0.150
Hypertension 1.288 (1.117-1.484) <0.001 1.409 (1.066—1.861) 0.016
CAHD 1.202 (1.110-1.303) <0.001 1.219 (1.045-1.422) 0.012
Hepatitis 0.968 (0.839—1.116) 0.650 0.817 (0.627—-1.066) 0.137
Cirrhosis 0.987 (0.665—1.465) 0.948 0.706 (0.323—1.545) 0.384
Diabetes 1.332 (1.150-1.543) <0.001 1.195 (0.906-1.577) 0.206
Other disease 1.079 (0.956-1.218) 0.218 1.015 (0.801-1.287) 0.901
Antineoplastic therapy (No Ref.) 1.210 (1.129-1.297) <0.001
Nutrition support therapy (No Ref.) 1.566 (1.471-1.667) <0.001 1.548 (1.359-1.764) <0.001

Abbreviations: NLR, neutrophil-to-lymphocyte ratio; BMI, body mass index; TNM stage, the Tumor Node Metastasis classification by the
American Joint Committee on Cancer (AJCC) 7th Edition; ALT, alanine aminotransferase; AST, aspartate aminotransferase; COPD, chronic
obstructive pulmonary disease; CAHD, coronary atherosclerotic heart disease; Ref., reference.
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(0.739-0.972), respectively (P < 0.05). The BMI >30 kg/m? category was not defined as an independent indicator of NLR
>2.5 (P =0.300).

The Role of NLR in Body Functional Status, Nutritional Risk, Nutritional Status and

Metabolic Status

Four models were established adjusted for different factors in order to figure out the role of NLR in individuals, as
shown in Table 3. NLR <2.5 was favorable predictor for higher KPS grade (OR = 2.303, 95% CI 1.559-3.403, for 60—
80 score; OR = 3.712, 95% CI 2.528-5.450, for 90-100 score) and NRS2002 grade (OR = 1.207, 95% CI 1.025-
1.420), even in Model 4 which adjusted all enrolled parameters like age, gender, BMI, serological indexes, underlying
disease, tumor types, TNM stage, antineoplastic therapy and nutrition support therapy. Likewise, NLR <2.5 was
unfavorable predictor of fat store deficit in all degrees, the ORs were 0.792, 0.622 and 0.453 for mild, moderate and
severe deficit in Model 4, respectively (P < 0.05). When the dependent variable was muscle status, NLR was only
predictor of moderate and severe deficit with OR (95% CI) = 0.636 (0.492-0.823) (P = 0.001) and 0.533 (0.374-0.760)
(P = 0.001). And when the dependent variable was fluid status, NLR merely predicted mild retention (OR = 1.600,
95% CI 1.096-2.334, P = 0.015). At last, NLR <2.5 was unfavorable predictor of higher PG-SGA grade in Model 4,
and the ORs were 0.835, 0.705 and 0.512 for 2-3 score subgroup, 4-8 score subgroup and >9 score subgroup,
respectively (P < 0.05).

Discussion
As a cross-sectional study, the large sample size of 21,457 cases ensured that it reflected the reality of malignant tumor
patients. In this study, NLR >2.5 was found significantly damages body function status and nutritional status, increases

Table 3 Multi-Models to Figure Out the Role of NLR in Body Functional Status, Nutritional Risk, Metabolic Status and Nutritional
Status

Variables Model | Model 2 Model 3 Model 4
OR (95% CI) P OR (95% ClI) P OR (95% ClI) P OR (95% CI) P

KPS grade (0-50 score Ref.)

60-80 score 2.647 (2.257,3.104) <0.001 2.518 (1.869,3.393) <0.001 2.560 (1.743,3.759) <0.001 2.303 (1.559,3.403) <0.001

90-100 score 4.889 (4.192,5.701) <0.001 4.409 (3.295,5.900) <0.001 4.212 (2.888,6.142) <0.001 3.712 (2.528,5.450) <0.001
NRS2002 grade (<3 score Ref.) 1.399 (1.298,1.507) <0.001 1.274 (1.124,1.444) <0.001 1.239 (1.061,1.447) 0.007 1.207 (1.025,1.420) 0.024
Fat stores (Normal Ref.)

Mild deficit 0.760 (0.705,0.819) <0.001 0.775 (0.686,0.876) <0.001 0.788 (0.678,0.915) <0.001 0.792 (0.681,0.922) 0.003

Moderate deficit 0.652 (0.579,0.734) <0.001 0.641 (0.531,0.774) <0.001 0.622 (0.493,0.784) <0.001 0.622 (0.492,0.786) <0.001

Severe deficit 0.531 (0.427,0.661) <0.001 0.517 (0.381,0.701) <0.001 0.456 (0.312,0.667) <0.001 0.453 (0.309,0.666) <0.001
Muscle status (Normal Ref.)

Mild deficit 0.805 (0.738,0.877) <0.001 0.845 (0.729,0.980) 0.026 0.959 (0.794,1.158) 0.663 0.890 (0.732,1.081) 0.240

Moderate deficit 0.675 (0.599,0.765) <0.001 0.719 (0.589,0.879) 0.001 0.695 (0.540,0.893) 0.004 0.636 (0.492,0.823) 0.001

Severe deficit 0.530 (0.428,0.657) <0.001 0.591 (0.443,0.787) <0.001 0.590 (0.416,0.835) 0.003 0.533 (0.374,0.760) 0.001
Fluid status (Normal Ref.)

Mild deficit 0.712 (0.593,0.854) <0.001 1.045 (0.782,1.395) 0.768 1.504 (1.038,2.179) 0.031 1.600 (1.096,2.334) 0.015

Moderate deficit 0.364 (0.244,0.544) <0.001 0.460 (0.222,0.957) 0.038 0.562 (0.249,1.268) 0.165 0.678 (0.296,1.553) 0.358

Severe deficit 0.281 (0.145,0.547) <0.001 0.533 (0.202,1.407) 0.204 0.579 (0.168,1.999) 0.387 0.782 (0.220,2.779) 0.704
PG-SGA grade (01 Ref)

2-3 0.825 (0.757,0.900) <0.001 0.814 (0.711,0.932) 0.003 0.829 (0.701,0.981) 0.029 0.835 (0.705,0.989) 0.037

4-8 0.632 (0.583,0.685) <0.001 0.693 (0.610,0.786) <0.001 0.693 (0.592,0.812) <0.001 0.705 (0.601,0.827) <0.001

29 0.380 (0.348,0.414) <0.001 0.464 (0.403,0.534) <0.001 0.483 (0.405,0.576) <0.001 0.512 (0.428,0.612) <0.001

Notes: Model | adjusted for age, gender and BMI; Model 2 adjusted for age, gender, BMI and serological indexes; Model 3 adjusted for age, gender, BMI, serological indexes,
underlying disease, tumor types and TNM stage; Model 4 adjusted for age, gender, BMI, serological indexes, underlying disease, tumor types, TNM stage, antineoplastic
therapy and nutrition support therapy. Serological indexes include albumin, pre-albumin, triglyceride, total cholesterol, hyperbilirubinemia, AST, ALT and creatinine.
Abbreviations: NLR, neutrophil-to-lymphocyte ratio; KPS, Karnofsky Performance Scale; NRS2002, Nutrition Risk Screening 2002; PG-SGA, Patient-Generated Subjective
Global Assessment; Ref,, reference.
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nutritional risk and influences fat and muscle metabolism. Elevating albumin and pre-albumin, decreasing total bilirubin
and enhancing nutrition support may be helpful in improving systematic inflammation status. In addition, reverse
causation was detected, which remind physicians cautiously interpret the statistics in the course of malignancy.

Up to 20% of all human cancers result from chronic inflammation and persistent infections, such as Helicobacter
pylori induced gastric cancer, hepatitis B/C induced hepatocellular carcinoma and inflammatory bowel diseases asso-
ciated colorectal cancer.?'** Also, cancer-elicited inflammation triggered by mutations contributes to malignant progres-
sion through the recruitment and activation of inflammatory cells.?® In cancer patients, lymphocyte is the surrogate of
impaired cell-mediated immunity, whereas neutrophilia is a response to systemic inflammation.”* Another explanation is
neutrophil may play both the role of promotion of cancer cell growth and metastasis and/or suppression of lymphocyte.?
Besides immune response, the inflammation-based status also induces changes in adipose and protein metabolism and
alterations in energy consumption in order to ameliorate malignant cells’ growth, proliferation and metastasis. From the
host perspective, the metabolic dysfunction results in the physical function impairment, malnutrition, declined tolerance
of therapy and even higher mortality. Increasing evidence has indicated that the NLR, a useful marker of systemic
inflammation with the advantage of wide availability, reproducible and inexpensive, would also be an effective indicator
of nutrition-related status and prognosis in various types of tumors.”®?’ This study also revealed that higher NLR
significantly degrades body function status and nutritional status, increases nutritional risk and harms fat and muscle
metabolism in patients with malignant tumor.

Aggressive systemic inflammation is more frequent in digestive system malignant tumor patients due to complica-
tions like obstruction and fistula, symptoms like nausea and vomit, absorption dysfunction and treatment-related
gastrointestinal abnormalities.”® However, digestive system malignant tumors inverted to be a situation of less likely
developing higher NLR after considering the overall features (non-digestive system vs digestive system, OR = 1.145,
95% CI 1.021-1.284), which highlights the importance of improving the intervenable indicators such as elevating
albumin, pre-albumin and decreasing total bilirubin. Surprisingly, nutrition support therapy was revealed as a risk factor
of systemic inflammation (OR = 1.548, 95% CI 1.359-1.764) that was due to the extremely scarcity of nutrition support
in China. According to the investigation published by 2020 Chinese Conference on Oncology, the nutrition support rate
of malignant tumor patients is mere 31.2% and 55% patients in urgent need of nutrition support (PG-SGA > 9) have
never received nutrition support.”’ In our study, 79.5% patients had malnutrition with almost three-fourths of these
patients being moderate and severe malnutrition and the nutrition support rate is only 26.4%. Thus, the reality is that
a large percent of patients who have received nutrition support combined with great disease burden and cruel consump-
tion, which implies the imperative of improving nutrition support in cancer patients.

Another thing should be stated is the relationship between obesity and inflammation in cancer patients. Obesity is
considered as a risk factor of the incidence of 13 types of cancers.’® However, researches have reported that cancer
patients with higher BMI obtain better prognosis, which is known as the “obesity paradox”.>' Chronic inflammation
plays a key role in obesity,>* but hosts with higher BMI were identified as less likely to be combined with increasing
NLR in our research. The obesity paradox is elaborated as methodological limitations frequently.®® Likewise, the reason
of inversed relationship between BMI and NLR may also be due to reverse causation. Cancer-related weight loss, such as
sarcopenia and cachexia, is the result of metabolic dysfunction and manifests as catabolism of muscle and fat mediated
mainly by IL-6 and TNF through STAT3 and NF-kB pathway.** Thus, higher BMI at diagnosis implies less disturbance
by the abnormal metabolism, so monitoring weight changes is critical to reveal the precise relationship between obesity
and systemic inflammation and its role in cancer prognosis.

The same situation also occurs in the relationship between TG and NLR. Increased TG is often associated with
smoking, insulin resistance and obesity, which is pro-inflammatory.>® However, TG seems an anti-inflammatory factor in
our search (OR = 0.812, 95% CI 0.711-0.926), which was in contrast with the discovery of hypertension and CAHD as
risk factors of higher NLR. This should also be explained by the inverse causation. Wasting-related metabolism induces
transformation from white to brown adiposity tissue, upregulates -oxidation of free fatty acids and lipolysis in cancer

36,37

patients, and thus, higher serologic TG level indicates less consumption. Zhang et al** also reported that higher ratio

of TG and high-density lipoprotein cholesterol related to greater muscle mass.
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Besides, muscles and adiposity are two body compartments and behave differently in cancer. High-quality muscles
represent well tolerance of chemotherapy39 and body function.*® Subcutaneous adiposity, the main producer of leptin,
associates with survival benefit.*! Likewise, NLR is always associated with muscle and fat deficit in our research, which
refers to subcutaneous adiposity including orbital fat pad, triceps skinfold thickness and 12th-rib fat thickness. Unlike
subcutaneous adiposity, visceral fat and ectopic lipid, such as muscle fat infiltration, are pro-inflammatory by secreting
IL-6, TNF, IFN-y and IL-1B and promoting insulin resistance.** Shu et al** reported that TG was positively related with
CRP in those patients whose BMI <24kg/m? but not in those whose BMI>24kg/m? which indicated that obesity may
manipulate more than increased level of TG in inflammation. However, in the course of malignant tumors, both obesity
and TG should be interpreted carefully.

Given the huge sample size of the study on NLR in malignant tumor patients, the reversed causations existed imply
that the interpretation of statistical results must be cautious and take enough consideration of realities. Still, there are
several limitations. First, considering the feasibility of implementation in multi-centers, muscles and fat are evaluated by
physicians according to the practical conscience of PG-SGA but not precise tools like computer tomography or magnetic
resonance. Second, according to the results, weight loss should be analyzed which may offer an interpretation of obesity
paradox. Third, data on visceral fat were not involved in the study. Due to the different roles of subcutaneous fat and
visceral fat in inflammation, we are going to figure out the correlation between systemic inflammation and adiposity in
different locations.

Conclusion

NLR is a systematic inflammation marker. Male patients and those with hypertension and CAHD have generally higher
levels of NLR. In the course of malignancy, NLR manifests as a biomarker of nutritional status, nutritional risk and fat
and muscle metabolism. These results indicate the usefulness of NLR in routine clinical practice to improve patient
assessments and interventions. Future studies need longitudinal assessment of NLR and dynamic body composition and
nutrition assessment to explain the causations, as well as the identification of NLR with therapeutic benefits.
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