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Objective: This study aims at assessing the potential benefits of observation of monocyte-to-albumin ratio (MAR) and neutrophil
percentage-to-hemoglobin ratio (NPHR) in the detection of non-small cell lung cancer (NSCLC).

Methods: This study retrospectively involved 195 NSCLC patients and 204 healthy volunteers. The correlations between the
clinicopathological characteristics of NSCLC and the two ratios including MAR and NPHR were assessed. The diagnostic efficiency
of NSCLC patients by MAR and NPHR, alone or in combination with carcinoembryonic antigen (CEA), was assessed by receiver
operating characteristic (ROC) curve. The risk factors for NSCLC were analyzed with binary logistic regression.

Results: Compared to healthy controls, the levels of MAR and NPHR in NSCLC patients were elevated. MAR and NPHR were
related to clinicopathologic characteristics and increased significantly along with the progression of NSCLC. The area under the curve
(AUC) for 95% confidence interval (95% CI) of MAR and NPHR in the diagnosis of NSCLC was 0.812 (0.769-0.854) and 0.724
(0.675-0.774), respectively. The combination of MAR, NPHR, and CEA achieved the highest diagnostic utility compared to each
individually or combined markers (AUC, 0.86; 95% CI, 0.824-0.896; sensitivity, 72.8%; specificity, 87.3%). Further analysis showed
that MAR combined with NPHR presented the potential to detect early-stage (IA-IIB) NSCLC (AUC, 0.794; 95% CI, 0.743-0.845;
sensitivity, 55.1%; specificity, 87.7%). The result indicated that MAR and NPHR might be risk factors for NSCLC.

Conclusion: MAR and NPHR could be novel and effective auxiliary indexes in the detection of NSCLC, especially when combined
with CEA.
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Introduction
Lung cancer has become the second most common cancer on earth, which has also been the main cause of the cancer-
related deaths, with 21% as its overall 5-year survival rate.! The risk factors for lung cancer include smoking, asbestos
and other occupational carcinogens, radon, and environmental tobacco smoke, among which smoking has been the most
significant risk factor.” In the lung carcinomas, non-small cell lung cancer (NSCLC) is the commonest form, taking up
about 85% of the total lung carcinomas. Unfortunately, most NSCLC patients could not be diagnosed until an advanced
stage.> Considering the above conditions, early detection and diagnosis are of great importance in reducing the mortality
of NSCLC patients. There are many methods to treat lung cancer, such as surgery, radiotherapy, chemotherapy, the latest
molecular targeted therapy, and cancer immunotherapy. However, the long-term prognosis of NSCLC has not been
significantly improved due to the high risk of local recurrence and distant metastases.* Therefore, early detection and
diagnosis are vital to reducing the mortality of the patients with NSCLC.

The methods of detecting lung cancer include vary from imaging examinations to pathological biopsy. Pathological
biopsy has been considered standardized method of diagnosis in lung cancer up till now. However, it has been widely
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limited due to its high cost, strong invasiveness, and prone to complications.” At the same time, low-dose spiral
computed tomography (CT) has also become a routine screening in the detection of lung cancer.® However, the
implementation in the population is limited due to its high cost, low accessibility, and false positives. Besides, long-
term exposure to low-dose radiation might also increase the probability of having cancer.” Carcinoembryonic antigen
(CEA) as a serum tumor marker is an important indicator for the diagnosis, prognosis and efficacy evaluation of NSCLC,
being widely used in clinical practices due to its simple and accurate detection and high repeatability.® In NSCLC, cancer
cells secrete a large amount of CEA into the blood, resulting in remarkable increases in serum CEA levels.” However,
serum CEA levels are affected by smoking and increase along with the smoking time.'® In addition, a single CEA index
cannot meet the clinical needs due to its poor sensitivity and lack of organ specificity. Consequently, seeking biomarkers
that are simple, easily obtained and reproducible has become a hotspot in NSCLC detection.

An increasing number of studies have proved that the interactions between tumor microenvironment and immune
mechanism offered important reference basis in diagnosis and treatment of tumors. A large number of inflammatory cells
such as neutrophils and macrophages exist in the tumor microenvironment. They accelerate tumor growth, invasion and
metastasis by secreting cytokines and interacting with tumor cells.'’ Tumor-associated neutrophils (TAN) are elevated in
the peripheral serum of patients with several cancers, such as lung cancer,'? nasopharyngeal carcinoma'® and colon
cancer.'* TAN could promote tumor growth, angiogenesis, extracellular matrix remodeling and curb anti-tumor immune
responses. Tumor-associated macrophages (TAM) are the major component of tumor microenvironment. Monocytes in
peripheral circulation infiltrate into tumor tissues through vascular endothelial cells, and differentiate into TAM under the
tumor microenvironment effects.'> TAM could accelerate the proliferation, metastasis and invasion of tumor cells by
affecting normal angiogenesis, promoting the polarization of M2 macrophages, and promoting epithelial-mesenchymal
transition.'>

The nutritional and metabolism status is related to tumor progression and metastasis. Tumor-related inflammation
could release a large number of inflammatory cytokines including tumor necrosis factor, interleukin-1, interferon-y,
which inhibit the production of erythropoietin and reduce the utilization rate of ferritin in red blood cells, causing cancer-
related anemia.'® Serum albumin is synthesized in the liver, the falling level of which representing both malnutrition and
ongoing systemic inflammation.'” As important indicators of malnutrition and inflammation, anemia and hypoproteine-
mia are generally associated with poor prognosis and high mortality in cancer patients.'® However, the problem of the
above indicators is that each of them reflects either inflammatory or nutritional. The research also found that, compared
to single indicator, the combination of inflammatory and nutritional indicators could help better diagnose cancer and
predict prognosis.'® Monocyte-to-albumin ratio (MAR) and neutrophil-to-hemoglobin ratio (NPHR) consist of inflam-
matory markers and nutritional indicator, reflecting the systemic inflammatory and nutritional status. However, few
studies have evaluated the clinical significance of MAR and NPHR in NSCLC. This study aimed to explore the
additional value of MAR and NPHR in the diagnosis of NSCLC, including at the early stage.

Materials and Methods

Patients

The patients diagnosed with NSCLC were selected into this retrospective monocentric study according to medical records at
the Affiliated Hospital of Jiangsu University (Zhenjiang, China) from June 2014 to June 2021. A total of 204 healthy subjects
were enrolled. Included patients with NSCLC were those who were newly diagnosed without receiving chemoradiotherapy,
immune targeted therapy or surgery, and those who were diagnosed as NSCLC by cytology or histopathology. To assess the
severity of NSCLC and complete the clinical data, patients underwent magnetic resonance imaging, chest and abdominal CT
or contrast-enhanced CT, positron emission tomography/CT and bone scans. Included healthy volunteers were participants
without suspicious lesion found in the chest CT. The exclusion criteria for all participants were as follows: (1) cardiovascular
disease; (2) chronic obstructive pulmonary disease; (3) diabetes mellitus; (4) ischemic stroke; (5) hepatitis and cirrhosis; (6)
hematological diseases; (7) renal system diseases; (8) autoimmune diseases; (9) history of malignant tumor; (10) acute and
chronic infectious diseases; (11) incomplete, unavailable, or obvious abnormal clinical and laboratory data. The stages of the
disease were classified according to the Tumor-Node-Metastasis (TNM) classification of the Union International for Cancer
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Control, 8th edition.'” Depending on patients’ conditions, NSCLC was divided into early-stage NSCLC (IA-IIB) and
advanced NSCLC (ITIA-IV).?° The study has been approved by the Ethics Committee of the Affiliated Hospital of Jiangsu
University. This study was performed under the Declaration of Helsinki with confidential data. Broad consent was obtained
from all participants included in this retrospective study.

Method

Baseline characteristics and laboratory measurements for each group were obtained from the hospital’s electronic
medical record system. The peripheral blood samples of participants were gathered in the early morning after fasting
for at least 8 hours. Routine blood tests were performed through an automated hematology analyzer SYSMEX XN3000
(Sysmex Corporation). Serum albumin was detected through a BEKMAN AUS5800 automatic biochemical analyzer
(Beckman Coulter, Inc.). Serum CEA levels were determined with the ABBOTT ARCHITECT i2000sr (Abbott
Pharmaceutical Co., Ltd.), by means of chemiluminescent immunoassay. The normal range of all indicators was recorded
according to the instructions of the manufacturer. MAR was calculated as monocyte (number/mm®) to albumin (g/L) ratio
and NPHR was calculated as neutrophil percentage (%) to hemoglobin (g/L) ratio.

Statistical Analysis

Statistical analyses were performed, and graphs were generated through the Statistical Package for Social Science (SPSS)
software version 22.0 (IBM Corp., Armonk, NY, USA),>' MedCalc software version 19.0.4 (MedCalc Software bvba,
Ostend, Belgium)®? and GraphPad Prism software version 8.0 (GraphPad Software Inc., San Diego, CA, USA).”> The
distribution characteristics of the data were assessed by the Kolmogorov—Smirnov test. The normal distribution of
continuous variables was presented as mean + standard deviation (SD), and the skewed distribution of continuous
variables was presented as median and interquartile range [Median (Q1, Q3)]. Age was presented as median and range.
Categorical variables were expressed as quantity and percentage with Chi-square Test (y* Test) used to analyze these
variables. The Student-¢-test (unpaired) was used to compare normally distributed data. Except for the normal distributed
data, the other two groups were compared by Mann—Whitney U-test. Binary logistic regression was taken to analyze the
risk factors for NSCLC, and the receiver operating characteristic (ROC) curve was applied to compute the area under the
curve (AUC) with 95% confidence interval (95% CI) of MAR, NPHR and CEA to determine their diagnostic accuracy.
Additionally, the areas under the ROC curve of the individual indicators were compared using DeLong test. Odds ratios
(ORs) with 95% CI were calculated by logistic regression. In the logistic regression analysis, the effect of NPHR changes
was enhanced by performing reciprocal conversion of the NPHR and reversing the correlation. Both the correlation
between monocytes and albumin and that between neutrophil percentage and hemoglobin were assessed by correlation
analysis.

Results

Baseline Characteristics of All Participants

A total of 399 volunteers were enrolled in this study, including 195 NSCLC patients and 204 subjects with no diseases
detected (Table 1). The NSCLC patients consist of 157 adenocarcinomas, 23 squamous cell carcinomas, and 15 other
NSCLC patients. Additionally, 42.0% of patients suffered from lymph node metastases, 26.7% of them got distant
metastases, and 39.4% of them were in the IIIB-IV stage of TNM (Table 1). No significant differences were found in age
(P=0.955), gender composition (P=0.312), smoking history (P=0.071) and pack-year (P=0.696) between the NSCLC
group and the healthy control group. Compared with healthy volunteers, leukocytes, neutrophils, monocytes, and
neutrophil percentages of the NSCLC patients remarkably increased (P<0.001), while hemoglobin and albumin
decreased in the healthy subjects (P<0.001). The levels of MAR and NPHR rose in the NSCLC patients (P<0.001).
MAR and NPHR of patients in the IIIA-IV stage were markedly elevated compared to that of patients in the IA-IIB
stage. MAR and NPHR of patients in the IA-IIB stage were much higher than that of healthy volunteers (Figure 1).
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Table | Clinical Baseline Characteristics of the NSCLC Group and the Healthy Controls

Variable The Normal Range | NSCLC Patients | Healthy Participants | P values
(n=195) (n=204)

Age (years) - 58 (42, 77) 59+5 0.955

Gender 0.312

Male - 114 109

Female - 8l 95

Smoking history - 0.071

No - 120 143

Yes - 75 6l

Pack years - 10 (2.5, 30.0) 6.9 (2.5, 30.0) 0.696

Histopathological subtype (n)

AC - 157 -

SCC - 23 -

Other NSCLC - I5 -

Invasion depth (n)

TI+T2 - 154 -

T3+T4 - 41 -

Lymph node metastasis (n)

NO - 13 -

NIT+N2+N3 - 82 -

Distant metastasis (n)

MO - 143 -

MI - 52 -

TNM stage (cases)

IA-IIB - 118 -

IA-IVB - 77 -

Laboratory parameters

White blood cell count (x10%/L) 3.5-95 6.1 (5.1,7.5) 5.6 (4.7, 6.3) <0.001

Neutrophils (x10%/L) 1.8-6.3 3.7 (29, 48) 32 (25,39) <0.001

Monocyte (x10%/L) 0.1-0.6 0.4 (0.4, 0.6) 0.3 (0.3,04) <0.001

Neutrophil percentage (%) 40-75 619 58+7 <0.001

Hemoglobin (g/L) 115-150 13616 149+15 <0.001

Albumin (g/L) 40.00-50.00 40+4 4412 <0.001

CEA (ng/mL) <5.00 2.64 (1.68, 5.57) 1.87 (1.32, 2.65) <0.001

MAR - 11.47 (8.68, 15.50) 6.90 (6.44, 9.10) <0.001

NPHR - 0.46+0.09 0.39+0.07 <0.001

Notes: Data were expressed as meanztstandard deviation or medians and interquartile range [Median (QI, Q3)]; the independent t-test or
Mann—-Whitney U-test was used for statistical analysis.

Abbreviations: AC, adenocarcinoma; SCC, squamous cell carcinomas, NSCLC, non-small cell lung cancer; CEA, carcinoma embryonic antigen;
MAR, monocyte (number/mm?)/albumin (g/L); NPHR, neutrophil percentage (%)/hemoglobin (g/L).

Relationships Between MAR and NPHR Levels, and Clinicopathological
Characteristics in NSCLC Patients

The correlations between the levels of MAR and NPHR and the baseline characteristics (age, sex, and smoking history)
and clinicopathological characteristics (tumor size, lymph node metastasis, distant metastasis, and clinical stage) of
NSCLC patients are shown in Table 2. Age, gender and smoking history were the confounding factors of MAR, adjusted
by Binary Logistic regression. According to the data analysis, compared to NSCLC patients with low MAR level, those
with higher MAR level had larger tumor tissue (P=0.027), higher lymph node metastasis (P=0.025), and further
metastasis (P=0.137). However, there was no significant difference between MAR and TNM stage. Similarly, except
for age, sex and smoking history, NPHR was strongly associated with tumor size (T1-T2) (P<0.001), lymph node
metastasis (N1-N3) (P<0.001), distant metastasis M1 (P<0.001), and stage of TNM (IIIA-IV) (P<0.001).
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Figure | The levels of MAR and NPHR among | A-Il B stage, Ill A-IV stage of NSCLC and the healthy controls. (A) MAR and (B) NPHR **P<0.001.
Abbreviations: MAR, monocyte (number/mm?>)/albumin (g/L); NPHR, neutrophil percentage (%)/hemoglobin (g/L).

Diagnostic Efficiency of MAR, NPHR, and Combined Indexes in NSCLC

In this part, the diagnostic efficiency of MAR, NPHR and the combined markers were evaluated to discriminate NSCLC
patients from healthy subjects (Figure 2A and B, Table 3). The results proved that MAR was superior to NPHR and CEA
(AUC, 0.812; 95% CI, 0.769-0.854) in diagnostic utility, with its sensitivity and specificity being 66.2% and 85.3%,
respectively. MAR and NPHR were higher in sensitivity (66.2% and 53.3%, respectively) to differentiate patients with
NSCLC from the healthy controls, while CEA got greater specificity (93.6%). Sensitivity of CEA increased when
combined with either MAR or NPHR (68.2% and 59.5%, respectively). When the three of MAR, NPHR and CEA were

Table 2 Associations Between MAR and NPHR Levels and Clinicopathological
Features in the NSCLC Group

Characteristics n MAR P value NPHR P value

Gender <0.001 0.748

Male 114 | 14.66 (10.62, 17.01) 0.45+0.10

Female 8l 9.37 (6.99, 10.90) 0.46+0.08

Age <0.001 0.063

<6l 129 | 10.00 (7.78, 14.17) 0.45+0.09

> 6l 66 | 13.60 (10.61, 17.24) 0.47+0.10

Smoking history <0.001 0.166

No 120 9.94 (7.82, 12.87) 0.45+0.80

Yes 75 15.06 (10.55, 18.32) 0.47+0.10

Invasion depth 0.021 <0.001

TI+T2 154 | 10.74 (8.08, 14.87) 0.44+0.08

T3+T4 41 13.84 (10.24, 18.22) 0.510.11

Lymph node metastasis 0.027 <0.001

NO 113 9.88 (7.34, 13.05) 0.43+0.07

NI-N3 82 | 13.61 (10.04, 17.19) 0.49+0.10
(Continued)

International Journal of General Medicine 2023:16 htps: 2179

Dove:


https://www.dovepress.com
https://www.dovepress.com

Zhao et al Dove

Table 2 (Continued).

Characteristics n MAR P value NPHR P value
Distant metastasis 0.025 <0.001
MO 143 10.64 (7.81, 14.70) 0.44+0.08

MI 52 13.95 (9.71, 18.40) 0.5040.10

TNM stage 0.137 <0.001
IA-1IB 118 10.16 (7.47, 13.75) 0.43+0.07

A=V 77 13.51 (9.76, 17.43) 0.50+0.10

Notes: Data were expressed as mean * standard deviation or median (interquartile range); binary logistic
regression analysis with adjustment age, gender and smoking history was used to control confounding
factors; P<0.05 was considered significant.

Abbreviations: MAR, monocyte (number/mm?)/albumin (g/L); NPHR, neutrophil percentage (%)/hemo-
globin (g/L).

combined for detecting NSCLC, maximum diagnostic efficiency and high sensitivity and specificity were obtained
(AUC, 0.86; 95% CI, 0.824, 0.896; sensitivity, 72.8%; specificity, 87.3%).

Subsequently, risk factors were analyzed for NSCLC with binary logistic regression. MAR (Odds ratio (OR), 1.412; 95% CI,
1.292-1.544; P<0.001), reciprocal-transformed NPHR (OR, 0.183; 95% CI, 0.096-0.349; P<0.001) and CEA (OR, 0.182; 95%
CL, 1.016-1.418; P=0.032) could be possible risk factors for NSCLC (Table 4). To further evaluate the diagnostic utility of MAR
and NPHR in the early-stage NSCLC group, 204 healthy subjects and 118 NSCLC patients in their early-stage were analyzed
when age (P=0.135), composition of gender (P=0.105), smoking history (P=0.198) and pack years (P=0.056) were comparable.
MAR (AUC, 0.763, sensitivity, 64.4%, specificity, 79.4%) was superior in diagnostic efficiency to NPHR (AUC, 0.656,
sensitivity, 62.7%, specificity, 72.6%) and CEA (AUC, 0.565, sensitivity, 56.8%, specificity, 55.4%). When MAR and NPHR
were in combination, AUC (95% CI) rose to 0.794 (0.743-0.845) with higher specificity (87.7%) but lower sensitivity (55.1%)
(Figure 3 and Table 5).

Discussion
Lung cancer is a common cancer: only patients with early diagnosis of NSCLC have the chance to be cured.
Therefore, it is of great significance seeking for screening and diagnostic measures. At present, pathological

biopsy is the standardized method of lung cancer detection, but it is not a routine physical examination.'

A B

Sensitivity (%)
Sensitivity (%)

L — MAR+CEA
2 — NPHR+CEA
L — MAR+NPHR
----- MAR+NPHR+CEA
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Figure 2 (A) ROC curve analysis of the value of MAR, NPHR and CEA alone in the diagnosis between the NSCLC group and the healthy controls. (B) ROC curve analysis
of the value of MAR, NPHR and CEA combined in diagnosis between the NSCLC group and the healthy controls.
Abbreviations: MAR, monocyte (number/mm?)/albumin (g/L); NPHR, neutrophil percentage (%)/hemoglobin (g/L).

2180 e International Journal of General Medicine 2023:16
Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove

Zhao et al

Table 3 Diagnostic Efficiency of MAR, NPHR, Alone or Combined, in the NSCLC Patients and the Healthy Controls

Variables AUC Cut-Off Sensitivity (%) Specificity (%) 95% CI
Lower Limit Upper Limit

MAR 0.812 9.66 66.2 85.3 0.769 0.854
NPHR 0.724 0.44 533 8l.4 0.675 0.774
CEA 0.689 3.8l 385 93.6 0.637 0.741
MAR+CEA 0.833 68.2 86.8 0.792 0.873
NPHR+CEA 0.76 59.5 82.4 0.713 0.807
MAR+NPHR 0.851 68.7 88.7 0.814 0.888
MAR+NPHR+CEA 0.86 72.8 87.3 0.824 0.896

Abbreviations: AUC, area under curve; Cl, confidence interval; CEA, carcinoma embryonic antigen; MAR, monocyte (number/mms)/albumin (g/L);

NPHR, neutrophil percentage (%)/hemoglobin (g/L).

Table 4 Binary Logistic Regression Analysis
of Potential Risk Factors for NSCLC

Variable OR (95% CI) P value
MAR 1.412 (1.292, 1.544) | <0.001
NPHR 0.183 (0.096, 0.349) | <0.001
CEA 1.200 (1.016, 1.418) 0.032

Note: NPHR levels were reciprocal-transformed in the
model.

Abbreviations: OR, odds ratio; CEA, carcinoma embryo-
nic antigen; MAR, monocyte (number/mm3)/albumin (g/L);
NPHR, neutrophil percentage (%)/hemoglobin (g/L).

Increasing numbers of studies have been carried out to analyze the effects of hematologic parameters, including

monocytes, neutrophils, albumin, and hemoglobin in the detection and prognosis of malignant tumors. However,
the clinical significance of MAR and NPHR in NSCLC, alone or in combination with CEA, has not been fully

investigated.
100 |~
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Figure 3 ROC curve analysis of the value of MAR, NPHR and CEA alone or combined in diagnosis between the early-stage NSCLC group and the healthy controls.
Abbreviations: CEA, carcinoma embryonic antigen; MAR, monocyte (number/mms)/albumin (g/L); NPHR, neutrophil percentage (%)/hemoglobin (g/L).
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Table 5 Diagnostic Efficiency of MAR and NPHR, Alone or Combined in the Early-Stage NSCLC
Group and the Healthy Controls

Variables AUC | Cut-Off | Sensitivity (%) | Specificity (%) 95% CI

Lower Limit | Upper Limit

MAR 0.763 9.27 64.4 79.4 0.707 0.818
NPHR 0.656 0.41 62.7 72.6 0.594 0.719
CEA 0.565 1.99 56.8 55.4 0.5 0.63
MAR+NPHR | 0.794 55.1 87.7 0.743 0.845

Abbreviations: AUC, area under curve; Cl, confidence interval; CEA, carcinoma embryonic antigen; MAR, monocyte (number/
mm?)/albumin (g/L); NPHR, neutrophil percentage (%)/hemoglobin (g/L).

The tumor environment can mediate the constant inflammatory response, which plays a significant role in tumor cell
multiplication, angiogenesis, and metastatic invasion.”* Thus, the interactions between systemic inflammatory processes
and the tumor microenvironment help the occurrence and development of the tumors. Monocytes play a vital part in the
progression and metastasis of tumor, by promoting immunosuppression, remodeling the extracellular matrix, angiogen-
esis, and tumor cell transmission to make connections between innate and adaptive immune responses.> Elevated serum
monocytes have been reported to be related to TAM production and high tumor burden, which may lead to poor
prognosis.”® Some studies have found that monocytes and cytokines secreted by monocytes in lung cancer patients
remarkably increased in comparison with those of healthy volunteers,?” and the high levels before treatment were
connected to the lower survival rates of lung adenocarcinoma.”® Albumin is a functional serum protein that can reflect
nutritional status. Hypoalbuminemia, which is usually the result of insufficient nutrient absorption and excessive tumor
consumption, has some influence on the metabolism and immune function, and also induces the activation of cytokines
such as tumor necrosis factor-a, interleukin-6, and interleukin-1, leading to adverse reactions of the anticancer agents.29
C. VARIM et al have found that in patients with NSCLC, albumin levels decreased with a reduction in nutrition along
with cancer progression.>® There was no correlation between monocytes and albumin in healthy controls. In the NSCLC
group, there was a certain negative correlation between monocytes and albumin, indicating a negative regulatory effect
between monocytes and albumin (Figure S1). MAR is the ratio of monocytes to albumin. The increase of MAR reflects
both the increase of monocytes and the decrease of albumin, which could more accurately reflect the inflammatory and
nutritional status of NSCLC patients. Previous studies have proved that MAR could take part in the prediction of long-
term negative effects of the patients who had taken percutaneous coronary intervention.>' However, it is not significantly
related to the overall and recurrence-free survival of rectal cancer.’” Few studies have assessed the value of MAR in the
detection and prognosis of NSCLC.

Neutrophils, derived from bone marrow stem cells, are the main immune cells that remove pathogenic microorgan-
isms. Plenty of studies have shown that neutrophils interacted with cancer and immune cells in blood and the tumor
microenvironment by releasing reactive oxygen species or elastase to promote tumor growth, proliferation, metastasis,
and spread, to further contribute to cancer developing and occurring.*® Previous studies suggested that neutrophils
increased with disease progression, and high neutrophil counts were associated with aggressive behavior in NSCLC.*°
The reduction of hemoglobin could induce hypoxia of tumor cells, thereby stimulating tumor growth. It could also
increase chemoresistance by regulating gene expression and cell cycle, thus leading to cancer progression and shortening
survival time.** Patients with anemia before treatment were found to be connected to a poor prognosis of various
malignancies.*>*® Both neutrophils and hemoglobin could be affected by a variety of diseases other than cancer, with no
clear correlation between the neutrophil percentage and hemoglobin in the NSCLC group (Figure S2). Based on these
phenomena, a new index NPHR has been created, which has not been observed before. It was noticeable that the NPHR
is normally distributed.

In this retrospective study, the hematologic parameters such as MAR and NPHR were applied for the first time in the
progress of NSCLC. MAR and NPHR remarkably rose in the NSCLC patient group in comparison with the control
group. Further analysis found that MAR and NPHR might have potential values in identifying NSCLC patients from the
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healthy population. The area under the ROC curve showed that the cut-off value of MAR presented better accuracy than
NPHR in the detection of NSCLC patients. The sensitivity and specificity are equally important for these indexes when it
comes to disease detection. When MAR and NPHR were combined, the sensitivity and specificity could be improved.

With the increase of prevalence and morbidity of the NSCLC patients, the researchers have highly focused on the
prevention and cure of NSCLC in recent years, and more studies have been carried out on the prognosis of NSCLC.*” In
recent years, liquid biopsies and genetic biomarkers have become the new potential biomarkers to assess the prognosis of
NSCLC. The liquid biopsy is a non-invasive method of detecting and monitoring cancer by finding biomarkers in blood
or other body fluids, such as circulating tumor cells or circulating tumor DNA. The liquid biopsy has the advantages of
less invasiveness, abilities to detect tumor-specific genetic and epigenetic abnormalities to evaluate patient condition in
time. For example, the combination of classical standard assay (SA) with extended cytokeratin spectroscopy (EA) could
quantify the expression of EML4-ALK fusion protein in circulating tumor cells, and predict the prognosis of patients
with NSCLC.*® Genetic biomarkers such as GLUT-1 and p16, are clinical tools for monitoring disease evolution, which
are associated with poor prognosis in NSCLC patients.** However, liquid biopsy and genetic biomarkers have high
requirements for technology with high detection cost. According to the above conditions, they could not be widely
promoted in clinical practice. A number of research has been proving that systemic inflammation in NSCLC is closely
related to long-term prognosis. Higher inflammatory markers such as platelet-to-lymphocyte ratio, prognostic nutritional
index, hemoglobin, albumin, lymphocyte, platelet score, neutrophil-to-lymphocyte ratio, systemic immune inflammation
index and advanced lung cancer inflammation index generally predict poor prognosis of NSCLC. Meanwhile, high levels
of hemoglobin and albumin are positively correlated with the prognosis of NSCLC.* Therefore, further investigation has
been carried out in this study on whether MAR and NPHR levels could be used as potential biomarkers to predict the
disease progression of NSCLC. Interestingly, the results showed that MAR and NPHR were both significantly associated
with tumor size, lymph node metastasis, and distant metastasis, which might be a partial suggestion to tumor progression.
Considering the possible confounding factors of age, gender and smoking history, logistic regression was used to control
the effects. After the adjustment, the notable correlations between MAR and NPHR and clinicopathological character-
istics were still clearly observed. Based on the above findings, this study hypothesized that MAR and NPHR might be
used as potential prognostic factors for NSCLC patients.

CEA is an important serum biomarker of tumor often used in the detection of lung cancer.*' However, the low
sensitivity of CEA limits its clinical application in lung cancer screening, besides hematological indicators in NSCLC
detection are easily affected by numerous factors. Therefore, this study considered that the combination of blood
biomarkers and tumor markers could improve the reliability in the detection of NSCLC. The findings in this study
proved that MAR and NPHR could improve the diagnostic efficacy of CEA and obtain better sensitivity, while
suggesting that combined detection of CEA, MAR or NPHR might be a better biomarker in the detection of NSCLC.
When MAR, NPHR and CEA were applied in combination, it could lead to superior diagnostic efficiency, larger AUC,
and improved sensitivity and specificity than when the markers were applied individually. MAR had certain advantages
in the early detection of NSCLC. When MAR and NPHR were combined, they can obtain better diagnostic efficiency
and specificity with limited sensitivity. Therefore, when MAR and NPHR were used as markers for the early diagnosis of
NSCLC, other biomarkers (including serum tumor markers) would be used to enhance the ability of MAR and NPHR to
monitor the early-stage NSCLC to reduce the rate of misdiagnosis and missed diagnosis.

This study still got some limitations. First, this is a retrospective, single-center, single-cut study: the small sample size
might have influenced the reported results. Therefore, multi-center and larger-scale studies are necessary in the future.
Secondly, this study is a retrospective case—control study. The results might be influenced by specific confounding
factors, thus prospective cohort studies are further needed. Third, this study has not evaluated the association between
MAR and NPHR and overall survival in NSCLC patients, which limits the generalization of the findings. Therefore,
larger, multicenter, and prospective studies are still needed to examine the efficacy and to learn more about the
relationship between these markers and diagnosis and prognosis in NSCLC cases.
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Conclusions
MAR and NPHR could be effective novel auxiliary biomarkers in the diagnosis of NSCLC patients, particularly
combined with CEA.
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