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Abstract: To investigate the dynamics of inflammation and lipid-related indicators in lung cancer patients and their
impact on treatment efficacy. A retrospective analysis was conducted on 133 lung cancer patients who seek for
primary treatment at Wujin Hospital Affiliated to Jiangsu University from January 2019 to August 2022. The inflam-
mation and blood lipid-related indicators were collected 1 week before treatment and after 2 cycles of treatment.
We compared the changes in these indicators among patients with different treatment methods and outcomes. The
diagnostic value of the dynamic changes in each index for disease progression was calculated using the ROC curve.
The risk factors influencing disease development were identified using multifactorial logistic regression analysis.
After 2 cycles of treatment, the white blood cell count (WBC, P<0.001), neutrophil count (NC, P<0.001), neutrophil-
to-lymphocyte ratio (NLR, P<0.001) in the disease progression (PD) group were significantly increased, triglyceride
(TG, P=0.023), apolipoprotein A1 (APO-A1, P=0.009) was significantly decreased. The results showed that ANC had
the highest sensitivity (88.24%) in predicting disease progression, and AWBC had the best specificity (77.78%).
Multivariate regression analysis showed that AWBC (P<0.001), ATG (P=0.041), and treatment method (P=0.010)
were independent risk factors for disease progression (PD). The changes of WBC and TG before and after treatment
are promising indicators for predicting the progression of lung cancer and may offer a new direction for lung cancer
treatment.
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Introduction

Lung cancer has the highest incidence among
all malignancies globally, with approximate
1.76 million fatalities annually [1]. Systemic
therapy remains an important treatment for
lung cancer. Despite the availability of various
systemic treatment options, such as chemo-
therapy [2], targeted therapy [3], immunothera-
py [4], the overall prognosis is still unsatisfac-
tory. Therefore, the effective utilization of pre-
dictive biomarkers could significantly improve
patient outcomes by enhancing quality of life
and extending survival.

Peripheral blood circulating immune cells can
reflect the general immune status and their
ability to initiate or maintain an effective

immune response to tumors. The presence
of immune cells at the tumor site is related to
their ability to migrate into the tumor, as well as
the activation of T cells [5]. The dynamics of
tumor and immune cells during immunotherapy
might be better understood through the analy-
sis of circulating cell-free tumor DNA (ctDNA)
Kinetics via liquid biopsy analyses [6, 7] and by
tracking the neutrophil-lymphocyte ratio (NLR)
in peripheral blood [8, 9]. Tumor cells recruit
and activate various leukocytes, especially neu-
trophils (NEU) and monocytes (MONO), through
T cells, specific chemokines and prostaglan-
dins. Lymphocyte activation and intra-tumor
infiltration are considered essential for the
development of antitumor immune responses.
Tumor-infiltrating lymphocytes (TILs) [10], pre-
sented within tumor lesions, interstitium or the
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adjacent tumor stroma, participate in tumor
immune response and regulatory processes.
The decrease in lymphocytes reflects the com-
promised immune response cells. Monocytes
stimulate cancer cell migration and suppress
anti-tumor immunity. Additionally, pro-inflam-
matory cytokines promote platelet activation,
which is crucial for tumor growth through angio-
genesis, invasion, and immune escape. And
NLR, as a reflection of the body’s systemic
inflammation level, is involved in tumor angio-
genesis, invasion and immune escape [11].
Some studies have confirmed that NLR is asso-
ciated with the prognosis of a variety of tumors
[12-16] and correlates with the efficacy of
immunotherapy [17] and targeted therapy [18]
in lung cancer. Additionally, recent research
highlights the significance of lipid metabolism
in lung cancer [19, 20]. Abnormal lipid metabo-
lism, especially the abnormal synthesis of
large amounts of fatty acids, supplies essential
components for cell membranes and lipid sig-
naling molecules necessary for cell prolifera-
tion, altering membrane composition and per-
meability, leading to tumorigenesis and pro-
gression. Lipid hydrogen peroxide, produced
during lipid peroxidation, can disrupt cellular
and mitochondrial membrane structure and
exert cytotoxic effects. In contrast, polyunsatu-
rated fatty acids are important regulators of
inflammation and immune responses. Choles-
terol is involved in the formation of cell mem-
branes, regulates the cell membrane functions,
and helps in transmembrane signaling. Low
cholesterol level can impair immune defense
against tumor proliferation. High-density lipo-
protein cholesterol (HDL-C) is implicated in can-
cer development through its role in reverse
cholesterol transport and its impact on cell
cycle regulation, apoptosis, and inflammatory
responses [21]. Therefore, inflammation and
lipid metabolism are intertwined within the
tumor environment.

A growing number of basic and clinical trials
suggest that a persistent infammatory res-
ponse plays a crucial role in tumorigenesis. The
overexpression of various pro-inflammatory
mediators can damage vital cellular compo-
nents, directly or indirectly leading to malignant
cell transformation, invasion and metastasis.
For instance, neutrophils release inflammatory
factors in tumor tissue, which activate signaling
pathways and induce angiogenesis, resulting in
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uncontrolled tumor cell proliferation. Once in
the tumor tissue, blood neutrophils become
tumor-associated neutrophils (TANs) [22],
which kill tumor cells non-specifically by pro-
ducing reactive oxygen species and secreting
cytokines in the early tumor stage. Additionally,
neutrophils can also inhibit tumorigenesis and
progression by interacting with marginal zone
(MZ2) B cells to promote the production of anti-
genic immunoglobulins and improve the body’s
immunity. TANs inhibit neutrophil-mediated
tumor cell killing by upregulating CCL5 expres-
sion. However, as the tumor progresses, TANs
also exhibit pro-cancer effects, synthesizing
and releasing factors like neutrophil elastase
(NE), cyclooxygenase 2 (COX-2), and CCL17,
which promote tumor growth. Neutrophil extra-
cellular trap networks (NETs) can promote
thrombosis in lung cancer, thereby shortening
the survival of tumor patients. These findings
underscore the dual role of TANs in lung can-
cer progression. Lymphocytes play a pivotal
role in immune surveillance and editing, with
various types capable of inducing apoptosis in
tumor cells, thus inhibiting their proliferation.
Neutrophil-lymphocyte ratio (NLR), reflects sys-
temic inflammation and is a convenient, cost-
effective hematological marker. Research has
demonstrated its significant correlation with
the prognosis of various tumors [12-16], high-
lighting its potential as a predictive and prog-
nostic tool in oncology.

Lipids are essential for maintaining cell struc-
ture, providing energy, and facilitating cell sig-
naling. Abnormalities in lipid metabolism can
lead to cell proliferation, differentiation, and
apoptosis dysregulation, contributing to tumor
development and growth [23, 24]. Studies have
revealed a connection between abnormal lipid
metabolism and the occurrence and develop-
ment of various cancers, such as lung cancer
and colorectal cancer [23-26]. The tumor devel-
opment associated lips include fatty acids,
glycerol lipids, glycerophospholipids, sphingo-
lipids, and sterol lipids. High levels of fatty acid
synthase in tumor cells not only promote tumor
cell growth, but also increase the metastatic
potential and resistance to cisplatin. It has
been shown that targeting lung cancer stem
cells with sphingosine coenzyme A desaturase
(SCD) inhibitors can reverse cisplatin resis-
tance and reduce cell proliferation [27]. Tumor
cells activate SREBP-1 through PI3K/AKT/
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mTOR and MAPK/ERK, HIF-1a, p53, and SHH
pathways, resulting in increased cholesterol
production. In addition, cholesterol is involved
in tumor cell signaling, growth factor secretion,
mediating apoptosis and drug resistance. High-
density lipoprotein (HDL) may be involved in
carcinogenesis by reverse cholesterol trans-
port, affecting cell cycle regulation, apoptosis
and inflammatory response. Apolipoproteins,
which transport cholesterol, triglycerides, and
phospholipids, also play crucial roles. ApoA-I,
an important component of plasma HDL, is
involved in the pathogenesis of respiratory dis-
eases through the ApoA-I/ABCA1-dependent
pathway and plays a major protective role in
respiratory diseases [28]. Low levels of APO-A
and high levels of APO-B increase the risk of
lung cancer. Tumor cells synthesize large
amounts of signaling lipids that induce inflam-
matory responses, stimulate cell migration.
Overall, lipids are important regulators of
tumorigenesis, and lipid metabolism disorders
represent a significant feature of malignancy.

Given the complexity of tumor-immune system
interactions and the dynamically changing
tumor immune microenvironment (TME), it is
essential to identify reliable serum markers
to predict patient outcomes and refine thera-
peutic strategies. Blood-based markers have
shown promise in accurately predicting disease
progression in various cancers [29]. Recent
studies have explored markers such as eosino-
phil, NLR, platelet-lymphocyte ratio (PLR), sys-
temic immune-inflammation index (Sll), and
monocyte-to-lymphocyte ratio (MLR) to assess
the response of patients with non-small cell
lung cancer to neoadjuvant immunotherapy
[30]. However, these studies overlooked the
significance of lipid-related markers and their
correlation with treatment efficacy. To address
this gap, our study incorporated both pre- and
post-treatment inflammatory biomarkers and
lipid-related indices to thoroughly investigate
their relationship with treatment responses in
lung cancer.

This study retrospectively analyzed the clinical
data of 133 patients with primary lung cancer
admitted to our hospital from January 2019
to August 2022. The changes in inflammation
and blood lipid-related indicators in peripheral
blood before and after treatment and their
effects on treatment efficacy were studied.
Inflammation-related indicators analyzed in-
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cluded white blood cell count (WBC), hemoglo-
bin concentration (HGB), platelet count (PLT),
absolute neutrophil count (ANC), lymphocyte
count (ALC), monocyte count (AMC), albumin
(ALB). Blood lipid related indicators included
cholesterol (TC), TG, high density lipoprotein
(HDL), low density lipoprotein (LDL), APO-A1,
apolipoprotein B (APO-B). These indicators,
readily obtainable from peripheral blood, offer
a convenient and rapid means to assist in eval-
uating the therapeutic effects in lung cancer
treatment.

Materials and methods
Research subjects

This retrospective cohort study included 133
patients with primary lung cancer treated at
Wujin Hospital Affiliated to Jiangsu University
from January 2019 to August 2022. Inclusion
criteria: 1) Histological diagnosis of lung can-
cer; 2) Availability of complete imaging data (CT
or MRI) for staging; 3) Enhanced chest and
abdominal CT scans and head MRI every 2
cycles during treatment; 4) No prior anti-tumor
therapy; 5) An ECOG performance status score
of <2; ©6) Blood routine and biochemistry
(including liver and kidney function, myocardial
enzymes, electrolytes) suitable for chemother-
apy; 7) Expected survival time of more than 3
months. Exclusion criteria: 1) Patients with two
or more concurrent tumors; 2) Presence of
infectious fever; 3) Hematological diseases; 4)
Incomplete clinical data or laboratory tests dur-
ing treatment; 5) Severe bone marrow suppres-
sion during treatment; 6) History of hormone
use or hematopoietic factor therapy before rou-
tine blood collection. This study was approved
by the Ethics Committee of Wujin Hospital
Affiliated to Jiangsu University. The flow chart of
the study is shown in Figure 1.

Clinical data collection

Clinical data were collected and recorded for
each patient, including age, gender, tumor
pathological type, clinical stage, ECOG score,
EGFR gene mutation status, treatment plan,
efficacy evaluation after 2 cycles of treatment,
and imaging data during treatment. Laboratory
tests encompassed all inflammatory and lipid-
related indicators, collected within one week
before the first treatment and after two cycles
of treatment. Some calculations for inflamma-
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912 patients with primary lung cancer

from January 2019 to August 2022

Inclusion criteria:

@ Patients were histologically diagnosed with lung cancer;
(@ Patients with complete imaging data (CT or MRI) can
evaluate the stage of lung cancer;

@ Patients received enhanced chest and abdomen CT and
head MRI examinations were performed every 2 cycles

during treatment;

@ Patients with no anti-tumor therapy;

® Patient with ECOG score < 2 points;

(® Patient whose blood routine and blood biochemistry
(liver and kidney function, myocardial enzymes,
electrolytes) meet the requirements of chemotherapy;
(@Patients’ expected survival time exceeds 3 months.

Exclusion criteria(n=779):

@ Patient who combined with two or more tumors
(n=27);

@ Patient who combined with infectious fever (n=7);
® Patient who combined with hematological diseases
(n=2);

@Patient with incomplete clinical data and laboratory
tests during treatment (n=734);

(®Patient with severe bone marrow suppression during
treatment (n=3);

@®Patient has history of hormone application or
hematopoietic factor therapy before blood routinecollec-

tion (n=6).
[ 779 patients excluded ]
[ Final study population (n=133) ]

'

Collect and record clinical information from patients, including age,

gender, tumor pathological type, clinical stage, ECOG score, EGFR gene

mutation status, treatment plan, efficacy evaluation after 2 cycles of
treatment, and imaging data during treatment.

!

Collection of all laboratory tests, including all inflammatory and lipid-
related indicators, from patients within 1 week before the first treatment
and after 2 cycles of treatment.

Figure 1. Flow chart of the study. CT, computed tomography; MRI, magnetic resonance imaging; ECOG, eastern
cooperative oncology group; EGFR, epidermal growth factor receptor.

tory index ratios included: NLR = ANC/ALC. PLR
= PLT/ALC. LMR = ALC/AMC.

Treatment methods and evaluation criteria

Tumor stage was determined according to the
international lung cancer TNM stage, 8th edi-
tion. Efficacy evaluation was based on the effi-
cacy of solid tumors (RECIST version 1.1), and
the outcomes are classified into four catego-
ries: progressive disease (PD), stable disease
(SD), partial remission (PR) and complete
remission (CR). Patients underwent chest CT
examination every 6-8 weeks to evaluate the
tumor in the lungs. Owing to the retrospective
nature of this study, not all patients received
standard drug dosages. Chemotherapy regi-
mens included pemetrexed (500 mg/m?),
carboplatin (200-400 mg/m?), nedaplatin (80-
100 mg/m?), cisplatin (50-100 mg/m?), gem-
citabine (1000 mg/m?2), paclitaxel (260 mg/
m?), docetaxel (750 mg/m?), etoposide (1000
mg/m?). Targeted therapy regimens included
gefitinib (250 mg/day), almetinib (110 mg/day),
and anlotinib (12 mg/day), afatinib (40 mg/
day), icotinib (125 mg/day), osimertinib (80
mg/day). Immunotherapy regimens included
sintilimab injection (200 mg/time), camrelizum-
ab injection (200 mg/time), tislelizumab injec-
tion (200 mg/time), and bevacizumab injection
(400 mg/time).
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Observation indicators and short-term efficacy
of treatment

The changes in relevant indicators were record-
ed within 1 week before treatment and after
2 cycles of treatment. The short-term thera-
peutic effect was evaluated after 2 cycles of
treatment.

Statistical analysis

SPSS 26.0 statistical software was employed
for data analysis, with statistical plotting facili-
tated by GraphPad Prism 8.0. Qualitative data
were described by rate or proportions, and
quantitative data were described by mean *
standard deviation (X+S). Comparative ana-
lysis of quantitative indices utilized paired
t-tests, independent sample t-tests, and one-
way analysis of variance as appropriate. The
diagnostic value of each index was compre-
hensively evaluated by ROC curve, area under
the curve (AUC), sensitivity and specificity. The
changes in indicators before and after treat-
ment were evaluated using the formula D =
pre-treatment index - post-treatment index. The
factors affecting the curative effect was ana-
lyzed using multivariate logistic regression
analysis (LR forward technique). rms package
(R software, 4.2.0) was used to construct a
Nomogram model and calibration curve for
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Table 1. General clinical features of lung can-
cer patients

Clinical features Cases N (%)

Age (year)
>70 73 549
<70 60 45.1
Gender
Female 28 211
Male 105 78.9
Histological type
Adenocarcinoma 60 451
Squamous cell carcinoma 51 383
Adenosquamous carcinoma 1 0.8
Sarcomatoid carcinoma 1 0.8
Small cell carcinoma 20 15.0
Stage
I-llla 45 33.8
Ib-1V 88 66.2
EGFR mutation status
Wwild 23 173
Mutation 22 16.5
Unknown 88 66.2
Comorbidities
COPD 9 6.8
Hypertension 66 49.6
Diabetes mellitus 16 12.0
Fever 5 3.8
Pleural effusion 30 226
Treatment modality
Surgery 14  10.5
Chemotherapy 55 414
Immunotherapy 2 1.5
Targeted therapy 16 12.0
Combination therapy 46 34.6
Metastases
Lymph nodes 2 1.5
Bone 5 3.8
Liver 2 1.5
Brain 9 6.8
Response after 2 cycles of treatment
PR 32 241
SD 67 50.4
PD 34 255

Notes: EGFR, epidermal growth factor receptor; COPD,
chronic obstructive pulmonary disease; PR, partial remis-
sion; SD, stable disease; PD, progressive disease.

visualization. All statistical tests were two-sid-
ed, with P-values <0.05 considered statistically
significant.
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Results
General clinical information of the patients

Of the 133 patients, 88 patients (66.2%) were
at stage lllb-1V, while 45 patients (33.8%) were
at stage I-llla. EGFR genetic testing was con-
ducted on 45 patients. Majority of the patients
received chemotherapy (55 patients, 41.4%),
followed by patients undergoing two or more
combination therapies (46 cases, 34.6%), such
as surgery combined with chemotherapy, sur-
gery combined with immunotherapy, surgery
combined with targeted therapy, chemotherapy
combined with immunotherapy, chemotherapy
combined with targeted therapy. A smaller
group received targeted therapy alone (16
patients, 12%), surgery (14 patients, 10.5%),
and the fewest received only immunotherapy
(2 patients, 1.5%). After 2 cycles of treatment,
32 patients (24.1%) achieved PR, 67 patients
(50.4%) had SD, and 34 patients (25.5%) had
PD. These details are shown in Table 1.

Changes in each index before and after treat-
ment

After the treatment, WBC, HGB, and ANC were
significantly decreased, whereas PLT, TC, TG,
and HDL were significantly increased. See
Table 2.

Relationship between dynamic changes in
indices and treatment efficacy

Patients were divided into a progressive dis-
ease (PD) group and a non-progressive disease
(NPD) group based on their response after two
treatment cycles. Patients with stable disease
(SD) and partial remission (PR) comprised the
NPD group. The results showed that AWBC,
AANC, ANLR were significantly higher, while
ATG, AAPO-A1 were significantly lower in the PD
group, compared to NPD group (P<0.001). See
Table 3 and Figure 2.

Changes in indices before and after therapy

The analysis of changes in various indicators
before and after treatment was restricted to
patients undergoing chemotherapy, targeted
therapy, and combination therapies due to the
limited number of patients receiving immuno-
therapy. The results indicated that different
treatment modalities had distinct impacts on
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Table 2. Comparison of related factors before and after therapy

in patients

Index Before therapy After treatment t P
WBC (10°/L) 7.22+2.24 6.59+2.73 2.880 0.005
HGB (g/L) 130.53+18.67 119.87+18.67 7.127 0.000
PLT (10°%/L) 153.11485.94 239.03+85.38 2.052 0.042
ANC (10°%/L) 4.93+1.96 4.39+2.65 2.494 0.014
ALC (10°/L) 1.51+0.56 1.45+0.55 1.196 0.234
AMC (10°/L) 0.54+0.24 0.56+0.25 -0.881  0.380
NLR (%) 3.77+2.27 3.60+2.86 0.604 0.547
PLR (%) 192.55+110.73 183.18+89.59 0.908 0.365
LMR (%) 3.38+2.61 3.03+£1.68 1.436 0.153
ALB (g/L) 36.56+4.53 36.81+5.48 -0.500 0.618
TC (mmol/L) 4.23+0.86 4.44+1.02 -2.676  0.008
TG (mmol/L) 1.29+0.71 1.43+0.72 -1.996  0.048
HDL (mmol/L) 1.19+0.31 1.26+0.39 -2.349  0.020
LDL (mmol/L) 2.79+0.71 2.87+0.84 -1.408 0.162
APO-A1 (g/L) 1.17+0.27 1.19+0.29 -0.628 0.531
APO-B (g/L) 0.85+0.22 0.88+0.27 -1.889 0.061

Notes: WBC, white blood cell; HGB, hemoglobin; PLT, platelets; ANC, absolute
neutrophil count; ALC, lymphocyte count; AMC, monocyte count; NLR, neutro-

phil/lymphocyte ratio; PLR, platelet/lymphocyte ratio; LMR, lymphocyte/mono-

cyte ratio; ALB, albumin; TC, cholesterol; TG, triglyceride; HDL, high density
lipoprotein; LDL, low density lipoprotein; APO-A1, apolipoprotein A1; APO-B,

apolipoprotein B.

Table 3. Comparison of dynamic changes in indicators between

PD and NPD groups

Index NPD PD F 3

AWBC (10°%/L) 1214228  -1.06+2.44 4930 <0.001
AHGB (g/L) 11.06+18.00 9.47+15.01  0.463  0.644
APLT (10°/L) 17.15+84.18 5.15+62.56 0.762  0.448
AANC (10%/L) 1.1242.35 1.13+2.32  4.846 <0.001
AALC (10%/L) 0.02+0.56 0.18+0.67  -1.322  0.189
AAMC (10%L)  0.00+0.26  -0.09+0.22  1.809  0.073
ANLR (%) 0.80+3.06  -1.65+3.14  4.001 <0.001
APLR (%) 18.45+123.57 -17.04+102.11 1507  0.134
ALMR (%) 0.32+3.15 0.43+1.44  -0198 0.843
AALB (g/L) -0.70+4.77 1.05+8.16  -1.512  0.133
ATC (mmol/L)  -0.2840.92  -0.04+0.94 -1.300 0.196
ATG (mmol/L)  -0.23+0.84  0.13+0.64  -2.304  0.023
AHDL (mmol/L) -0.0940.37  -0.03+0.41  -0.794  0.429
ALDL (mmol/L)  -0.13+0.63 0.07+0.79  -1.522  0.130
AAPO-AL (g/L)  -0.06+0.33 0.11£0.28  -2.643  0.009
AAPO-B (g/L) -0.03+0.18  -0.03:0.25 -0.184 0.854

Notes: A = (pre-treatment index) - (post-treatment index); WBC, white blood

cell; HGB, hemoglobin; PLT, platelets; ANC, absolute neutrophil count; ALC, lym-

phocyte count; AMC, monocyte count; NLR, neutrophil/lymphocyte ratio; PLR,
platelet/lymphocyte ratio; LMR, lymphocyte/monocyte ratio; ALB, albumin;

TC, cholesterol; TG, triglyceride; HDL, high density lipoprotein; LDL, low density
lipoprotein; APO-A1, apolipoprotein A1; APO-B, apolipoprotein B.
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indicators such as AWBC, APLT,
AANC, AALC, ANLR, APLR, AALB,
ATC, ATG, ALDL, and AAPO-B.
These variations are detailed in
Table 4.

ROC curve and cutoff value
of ANLR, AWBC, AANC, ATG,
AAPO-A1

There were significant differen-
ces in ANLR, AWBC, AANC, ATG,
AAPO-A1 between the PD and
NPD groups. The diagnostic value
of these indicators was assessed
using ROC curves. Notably, AANC
displayed the highest sensitivity
(88.24%) and AWBC the greatest
specificity (77.78%). See Table 5
and Figure 3. Additionally, a no-
mogram was constructed to visu-
ally represent these predictors,
as shown in Figure 4.

Analysis of factors affecting ther-
apeutic efficacy of lung cancer

A logistic regression analysis was
conducted to identify the factors
affecting the treatment efficacy,
taking disease progression after
2 cycles of treatment as the de-
pendent variable. Factors includ-
ed in the analysis were ANLR,
AWBC, AANC, ATG, AAPO-A1, age
(whether over 70), gender, treat-
ment method, pathological type,
presence of comorbidities, and
staging (whether extensive). The
regression results showed that
AWBC, ATG, and treatment meth-
od were independent risk factors
for disease progression. Patients
in the chemotherapy, targeted
therapy, and combination therapy
groups had a higher risk of dis-
ease progression relative to the
surgery alone group. See Table 6.

Discussion

Recent advancements in immune
checkpoints and driver genes,
along with the ongoing develop-
ment of new drugs and the strate-
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Figure 2. Changes in indicators before and after treatment in patients with different curative effects. A: Differences
in AWBC between PD and NPD; B: Differences in AANC between PD and NPD; C: Differences in ANLR between PD
and NPD; D: Differences in ATG between PD and NPD; E: Differences in AAPO-A1 between PD and NPD. *P<0.05,
**P<0.01, ***P<0.001. WBC, white blood cell; ANC, absolute neutrophil count; NLR, neutrophil/lymphocyte ratio;
TG, triglyceride; APO-A1, apolipoprotein Al; PR, partial remission; SD, stable disease; PD, progressive disease.

Table 4. Comparison of dynamic changes in indicator among patients undergoing different treatments

Index Operation Chemotherapy Target treatment Combination therapy F P

AWBC (x10°/L) -1.92+2.19 1.19+2.48 -0.89+2.67 1.23+1.91 9.959 0.000
AHGB (g/L) 17.23+13.49 10.69+17.15 5.06+16.19 10.26+£18.21 1.248 0.295
APLT (10°/L) -49.31+86.82 11.95+81.29 17.35+61.40 35.67+£72.92 4.193 0.007
AANC (x10°/L) -2.27+2.16 1.15+2.42 -1.08+2.55 1.19+1.87 12.456 0.000
AALC (x10°/L) 0.55+0.36 0.031£0.58 0.25+0.40 -0.09+0.57 5.300 0.002
AAMC (x10°%/L) -0.13+0.19 -0.01+0.27 -0.03+0.21 -0.00+0.26 0.938 0.425
ANLR (%) -3.16+£2.79 0.89+2.95 -1.96+3.24 1.07+2.69 11.536 0.000
APLR (%) -86.74+77.10 9.29+74.54 -20.10+92.23 49.74+157.98 5.445 0.001
ALMR (%) 1.79+0.95 0.05+£2.87 0.66+0.99 0.22+3.42 1.447 0.232
AALB (g/L) 3.4315.00 -0.33+4.55 0.99+5.54 -1.83+6.99 3.266 0.024
ATC (mmol/L) 0.47+0.84 -0.36+£0.85 0.01+0.63 -0.35+£1.00 3.836 0.011
ATG (mmol/L) 0.45+0.43 -0.23+0.65 -0.07+0.62 -0.23+£1.04 2.896 0.038
AHDL (mmol/L) 0.05+0.27 -0.08+0.32 -0.09+0.55 -0.11+0.38 0.652 0.583
ALDL (mmol/L) 0.35+0.73 -0.23+0.64 0.13+0.46 -0.14+0.70 3.566 0.016
AAPO-A1 (g/L) 0.18+0.25 -0.04+0.28 0.04+0.35 -0.07+£0.35 2.329 0.078
AAPO-B (g/L) 0.09+0.19 -0.05+0.16 0.02+0.14 -0.08+0.22 3.549 0.016

Notes: A = (pre-treatment index) - (post-treatment index); WBC, white blood cell; HGB, hemoglobin; PLT, platelets; ANC, abso-

lute neutrophil count; ALC, lymphocyte count; AMC, monocyte count; NLR, neutrophil/lymphocyte ratio; PLR, platelet/lympho-
cyte ratio; LMR, lymphocyte/monocyte ratio; ALB, albumin; TC, cholesterol; TG, triglyceride; HDL, high density lipoprotein; LDL,
low density lipoprotein; APO-A1, apolipoprotein A1; APO-B, apolipoprotein B.

gic application of multidisciplinary comprehen-
sive diagnosis and treatment approaches, have
significantly improved the prognosis for lung
cancer. Despite these advancements, lung can-
cer remains the malignancy with the highest
mortality rate. Researchers continue to explore
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early biomarkers for lung cancer prognosis,
aiming to enhance therapeutic outcomes
through early intervention.

There are, however, few studies assess the
dynamic changes in inflammation and lipid
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Table 5. Diagnostic value of each index for disease progression

Index AUC and 0.95 CI P value Cut point Sensitivity (%) Specificity (%)
ANLR 0.706 (0.621, 0.782) 0.000 -0.443 58.82" 75.76
AWBC 0.776 (0.695, 0.843) 0.000 -0.03 73.53" 77.78
AANC 0.774 (0.694, 0.842) 0.000 0.91 88.24 59.60*
ATG 0.687 (0.601, 0.764) 0.001 0.02 64.71" 70.71
AAPO-A1 0.652 (0.565, 0.733) 0.006 0.01 70.59" 60.61%

Notes: “P<0.05 vs AANC; #P<0.05 vs AWBC. A = (pre-treatment index) - (post-treatment index); NLR, neutrophil/lymphocyte

ratio; WBC, white blood cell; ANC, absolute neutrophil count; TG, triglyceride; APO-A1, apolipoprotein Al.
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Figure 3. The predictive ability of alteration in each
index for treatment efficacy. WBC, white blood cell;
ANC, absolute neutrophil count; NLR, neutrophil/
lymphocyte ratio; TG, triglyceride; APO-A1, apolipo-
protein Al.

metabolism during patient therapy and their
correlation with treatment efficacy and progno-
sis. Chen et al. [11] showed that elevated NLR
in limited-stage small cell lung cancer led to a
poorer prognosis. In addition, Deng et al. [31]
also found a worse prognosis in the patients
with high NLR and PLR among 203 adenocar-
cinoma patients with EGFR mutations receiv-
ing first-line targeted therapies. These findings
suggest that NLR significantly impacts progno-
sis, regardless of gene mutation status. Studies
by Cui et al. [13] identified TG level as an inde-
pendent risk factor for small cell lung cancer
progression. Higher TG levels are linked to more
rapid disease progresses and poor patient
outcomes.

In this study, after treatment, WBC, HGB, and
ANC were significantly decreased, while PLT,
TC, TG, and HDL were significantly increased.
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The dynamic changes in WBC, ANC, NLR, TG
and APO-A1l were significantly correlated with
the therapeutic efficacy. After 2 cycles of treat-
ment, the NLR dramatically reduced in the NPD
group, but significantly increased in the PD
group, and the change in NLR (ANLR) was sig-
nificantly lower in the NPD group compared to
the PD group. This reduction in NLR post-treat-
ment indicates a better therapeutic outcome
in lung cancer patients. McLellan et al. [32]
concluded that patients with metastatic pan-
creatic cancer who had an NLR>5 after 15
days of chemotherapy had a worse prognosis.
Similarly, Lawati et al. [33] found that patients
with esophageal adenocarcinoma undergoing
surgery had poorer outcomes when their ANLR
remained elevated, underscoring the link
between dynamic NLR changes and survival
rates. His correlation was also noted in earlier
studies, such as the association of pre-treat-
ment NLR with progression-free survival (PFS)
and overall survival (OS) in patients with malig-
nant melanoma in 2015 [34], and more recent
reports connecting pretreatment NLR to OS
in nivolumab-treated lung cancer patients
[35, 36]. After 2 cycles of treatment, the PD
group exhibited significantly higher levels of
WBC and ANC, and lower levels of TG and APO-
A1 compared to the NPD group, which showed
the opposite pattern. This suggests that
decreases in WBC and ANC, along with increas-
es in TG and APO-A1, are indicative of better
therapeutic outcomes in lung cancer patients.
Inflammation is associated with the develop-
ment and malignant progression of most can-
cers. It plays a crucial role in carcinogenesis,
tumor growth, metastasis, and has a substan-
tial immunosuppressive impact on anti-tumor
immune functions, increasing recurrence risks
[37, 38]. Neutrophils are the most abundant
peripheral leukocyte type and are capable of
destroying invading microorganisms through
phagocytosis and intracellular degradation
with the release of particles [39]. In addition,
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Figure 4. Nomogram to predict patient’s treatment efficacy. A: Nomogram; B: Calibration of the nomogram. WBC,
white blood cell; TG, triglyceride; PD, progressive disease; Pr, probability.

Table 6. Logistic multivariate analysis of the factors affecting the treatment efficacy of lung cancer

(forward LR method)

Index g Sandard e P OR and 0.95 Cl
error

AWBC (0 = <-0.03, 1 = >-0.03) -0.525 0.137 14.763 0.000 0.591 (0.452,0.773)

ATG (0 =<0.02, 1 =>0.02) 0.660 0.323 4180 0.041 1.935(1.028,3.643,0.773)

Treatment (with the surgery group as the control group) 11.450 0.010

Chemotherapy 3.541 1.315 7244 0.007 34.486 (2.618, 454.323)

Targeting therapy 4.534 1.368 10.984 0.001 93.133(6.377, 1360.203)

Combination therapy 3.379 1.338 6.378 0.012 29.350 (2.131, 404.158)

Notes: WBC, white blood cell; TG, triglyceride; OR, odds ratio; Cl, confidence interval.

neutrophils could infiltrate various tumors and
form neutrophil extracellular traps (NETs) [40].
Recent study has shown that NETs are involved
in tumor progression and metastasis [41].
These findings suggest a possible mechanism
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by which leukocytosis can lead to adverse
prognoses.

The diagnostic value of dynamic changes in
WBC, ANC, NLR, TG, and APO-A1 for predicting
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disease progression was evaluated using ROC
curves. The results demonstrated that AANC
exhibited the highest sensitivity (88.24%), while
AWBC provided the best specificity (77.78%).
The observed changes after treatment - NLR
increased by 0.443, WBC by 0.03, ANC by 0.91,
while TG decreased by 0.02, and APO-A1l by
0.01 - suggest potential indicators of disease
progression and suboptimal treatment efficacy.
In addition, the dynamic changes in inflamma-
tion and blood lipid-related indicators are also
related to treatment methods. Multivariate
logistic regression analysis identified AWBC,
ATG, and treatment methods as independent
risk factors for disease progression. These find-
ings indicate that changes in WBC and TG can
predict the therapeutic outcome in lung cancer.
Notably, compared to the surgery-only group,
patients undergoing chemotherapy, targeted
therapy, or combination therapies exhibited a
higher likelihood of progression, suggesting
that patients opting for surgery alone might
have less severe disease.

This study shows that dynamic changes in WBC,
ANC, NLR, TG and APO-A1 can reflect treatment
efficacy. However, several critical issues remain
unresolved, affecting the prognostic and thera-
peutic implications of these findings: 1) The
thresholds for each indicator are not standard-
ized. 2) It is unclear whether modifying inflam-
mation and lipid metabolism markers can im-
prove patient survival. Addressing these ques-
tions will require large-scale, prospective clini-
cal studies to provide definitive answers and
guide future therapeutic strategies.

Conclusion

In this study, we comprehensively analyzed
inflammation and lipid metabolism indicators,
and investigated their dynamic changes during
the treatment and the subsequent impact on
prognosis. AWBC, ATG, and treatment moda-
lities were independent risk factors for disea-
se progression. Our findings underscore that
AWBC and ATG are valuable predictors for lung
cancer progression. Additionally, they could
serve as lung cancer therapy targets. In clinical
practice, clinicians should consider the dynam-
ic changes in serum inflammation and lipid
metabolism-related indicators to make individ-
ualized treatment plan.

Further assessment of immune function in
patients should extend beyond merely quantify-
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ing immune cells to include changes in subpop-
ulations and cell function. Future study will
focus on monitoring the changes in cell sub-
population and cell surface signaling mole-
cules during lung cancer treatment, which will
enhance our understanding of the immune
function during the treatment and provide more
theoretical support for the developing individu-
alized immunotherapy strategies.
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