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Abstract: Objective: To explore the application value of artificial intelligence-assisted diagnostic systems in the
computed tomography (CT) diagnosis of pulmonary nodules. Methods: A total of 80 patients with pulmonary nodules,
treated from June 2023 to May 2024, were included. All patients underwent pathological examination and CT scans,
with pathological results serving as the gold standard. The diagnostic performance of CT alone and CT combined with
the artificial intelligence-assisted diagnostic system was analyzed, and differences in CT imaging features and evaluation
results of benign and malignant pulmonary nodules were compared. Results: The sensitivity, specificity, and accuracy of
CT combined with the artificial intelligence-assisted diagnostic system were significantly higher than those of CT alone
(P < 0.05). Moreover, the false-positive and false-negative rates were significantly lower for the combined approach
compared to CT alone (P < 0.05). Conclusion: The artificial intelligence-assisted diagnostic system effectively identifies
malignant features in pulmonary nodules, providing valuable clinical reference data and enhancing diagnostic accuracy and
efficiency.

Keywords: Artificial intelligence-assisted diagnostic system; Pulmonary nodule; CT diagnosis

Online publication: January 16, 2025

1. Introduction

Lung cancer is one of the most prevalent and deadly malignant tumors globally, posing a severe threat to
human health. Early detection, diagnosis, and treatment are critical for improving survival rates and outcomes
for lung cancer patients. Pulmonary nodules are common radiological findings in the lungs, some of which
may represent early-stage lung cancer !". Therefore, accurately differentiating between benign and malignant
pulmonary nodules is of great clinical importance.

Traditionally, the diagnosis of pulmonary nodules relies primarily on imaging techniques, such as chest

X-rays and computed tomography (CT) scans, along with the expertise and clinical experience of physicians ).




However, the imaging characteristics of pulmonary nodules are often complex and varied, with overlaps in
morphology, size, and density between benign and malignant nodules, which presents challenges for accurate
diagnosis . Additionally, factors such as subjectivity, fatigue, and workload can affect the diagnostic accuracy
of physicians.

With the rapid development of artificial intelligence (Al) technology, Al-assisted diagnostic systems are
being increasingly applied in medicine. These systems can learn from and analyze large volumes of medical
imaging data, automatically extract features from images, and provide diagnostic and predictive insights. In the
context of pulmonary nodule diagnosis, Al-assisted diagnostic systems can quickly and accurately identify the
location, size, and morphology of nodules, assess their benign or malignant nature, and offer critical diagnostic
support for clinicians ©.

Several studies have demonstrated the high accuracy and reliability of Al-assisted diagnostic systems in
diagnosing pulmonary nodules. However, these studies often involve relatively small sample sizes, limiting the
generalizability and scalability of their findings. This study aims to analyze a larger cohort of pulmonary nodule
patients to further evaluate the application value of Al-assisted diagnostic systems in CT diagnosis, providing

more reliable evidence for clinical practice.

2. Materials and methods

2.1. General information

Eighty patients with pulmonary nodules who visited our hospital from June 2023 to May 2024 were selected for
this study, including 45 males and 35 females, aged 35-75 years, with an average age of 52.57 + 10.54 years.
Inclusion criteria: (1) Pulmonary nodules detected via chest CT; (2) Patients who signed informed consent
forms and were willing to cooperate with the study.
Exclusion criteria: (1) Concurrent diagnoses of other malignant tumors; (2) Severe dysfunction of critical
organs such as the heart, liver, or kidneys; (3) Patients with mental illnesses who could not cooperate with

examination and treatment.

2.2. Methods

2.2.1. CT examination

All patients underwent chest CT using a 64-slice spiral CT scanner (Brand: Shanghai United Imaging
Healthcare Co., Ltd.; Model: uCT 760). Scanning parameters: tube voltage 120 kV, tube current 200-300
mAs, slice thickness 5 mm, and slice spacing 5 mm. The scanning range extended from the thoracic inlet to
the diaphragm. After the scan, image data were transmitted to a workstation for post-processing, including

multiplanar reconstruction (MPR) and volume rendering (VR).

2.2.2. Artificial intelligence-assisted diagnostic system

The artificial intelligence-assisted diagnostic system used in this study was developed by Pu’er iFLYTEK
Information Technology Co., Ltd. This system, based on deep learning algorithms, was trained with extensive
pulmonary nodule CT images to establish a classification model for distinguishing benign from malignant
nodules. Patient CT images were imported into the system, which automatically identified and analyzed

pulmonary nodules, providing an evaluation of their benign or malignant nature.
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2.2.3. Pathological examination

All patients underwent pathological examination within 1-2 weeks after CT scanning. Depending on the
location and size of the pulmonary nodules, appropriate pathological examination methods were selected,
including percutaneous lung biopsy, bronchoscopic biopsy, or thoracoscopic surgery. Pathological results were
jointly assessed by two experienced pathologists to determine the nature of the pulmonary nodules.

2.3. Observation indicators

2.3.1. Diagnostic performance metrics

Using pathological results as the gold standard, the diagnostic performance of CT alone and CT combined with
the artificial intelligence-assisted diagnostic system was analyzed. Diagnostic performance metrics included
sensitivity (true positive rate), specificity (true negative rate), false positive rate, false negative rate, and
accuracy.

True positives
Sensitivity = — - X 100%
True positives + False negatives

T'rue negatives
Specificity = - — ®x 100%
True negatives + False positives

False positives
False positive rate = - — x 100%
True negatives + False positives

False negatives
False negative rate = — - X 100%
True positives + False negatives

True positives + True negatives

A = ®* 100
FEREECY Total cases N

2.3.2. Differences in pulmonary nodule evaluation results

The CT imaging features of benign and malignant pulmonary nodules were compared, including nodule
size, shape, margins, density, and the presence of lobulation, spiculation, or pleural indentation. Additionally,
differences in evaluations by the artificial intelligence-assisted diagnostic system were analyzed. Malignant

pulmonary nodules were scored within a range of 60—100 points, while benign nodules were scored between
0-40 points.

2.4. Statistical analysis

Statistical analysis was performed using SPSS 27.0 software. Quantitative data were expressed as mean +
standard deviation (SD) and compared using the #-test. Categorical data were presented as frequencies and
percentages and compared using the y>-test. Statistical significance was set at P < 0.05.
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3. Results
3.1. Pathological examination results

Among the 80 patients with pulmonary nodules, pathological examination confirmed 30 cases of malignant

nodules and 50 cases of benign nodules (Table 1).

Table 1. Comparison of pathological examination results

Pathological examination Number of cases (n)

Adenocarcinoma 20

Squamous carcinoma 5

Malignant nodules

Small cell carcinoma 3

Other 2
Inflammatory nodules 30
Tuberculoma 10

Benign nodules

Hamartoma 5

Other 5

3.2. Diagnostic performance of CT and Al-assisted CT examination

The sensitivity, specificity, and accuracy of Al-assisted CT examination were significantly higher than those of
CT examination alone (P < 0.05), while the false positive and false negative rates were significantly lower (P <
0.05) (Table 2).

Table 2. Comparison of diagnostic performance between CT and Al-assisted CT examination

False pos-  False neg-

Diagnostic True pos- False pos- False neg- True neg- Sensitivi- Specificity itive rate ative rate Accuracy
method itive (n)  itive (n)  ative (n)  ative (n) ty (%) (%) o o (%)
(%) (%)
CT examination 20 10 10 40 66.67 80.00 20.00 33.33 75.00
Al-assisted CT 25 5 5 45 83.33 90.00 10.00 16.67 87.50
examination
v - - - - 7.402 3.922 3.922 7.402 5.128
P - - - - 0.007 0.048 0.048 0.007 0.024

3.3. Comparison of CT imaging features between benign and malignant pulmonary
nodules

There were significant differences in CT imaging features between benign and malignant pulmonary nodules,
including nodule size, shape, margins, density, and the presence of lobulation, spiculation, and pleural
indentation (P < 0.001) (Table 3).
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Table 3. Comparison of CT imaging features between benign and malignant pulmonary nodules

CT feature Malignant nodules (z =30) Benign nodules (n = 50) x* value P value

Malignant nodules (mean + SD, cm) 3.54+1.20 1.81 +£0.87 7.451 <0.001
Irregular shape [ (%)] 20 (66.67%) 10 (20.00%) 17.422 <0.001
Blurry edges [7 (%)] 22 (73.33%) 15 (30.00%) 14.163 <0.001
Uneven density [n (%)] 25 (83.33%) 20 (40.00%) 14.307 <0.001
Lobulation [# (%)] 20 (66.67%) 5(10.00%) 28.024 <0.001
Spiculation [n (%)] 18 (60.00%) 8 (16.00%) 16.547 <0.001

Pleural indentation [n (%)] 15 (50.00%) 5(10.00%) 16.000 <0.001

3.4. Differences in Al-assisted evaluation of benign and malignant pulmonary nodules

The Al-assisted diagnostic system produced significantly higher evaluation scores for malignant nodules
compared to benign nodules (P < 0.001) (Table 4).

Table 4. Comparison of Al-assisted evaluation scores for benign and malignant pulmonary nodules

Group (n) Score (mean = SD, points)
Malignant pulmonary nodules (n = 30) 80.57 £10.54
Benign pulmonary nodules (n = 50) 20.54 £ 8.56
t value 27.815
P value <0.001

4. Discussion

The Al diagnostic assistance system has been a significant innovation in the medical field in recent years and
has been extensively applied to cancer diagnosis and differential diagnosis. As cancer incidence continues to
rise, precise and efficient diagnostic tools have become increasingly critical. Traditional imaging diagnostics are
inevitably influenced by factors such as the physician’s expertise, experience, and subjective judgment, leading
to variability and interpretative differences . Different physicians may provide varying diagnostic results
for the same imaging data, which can affect subsequent treatment and lead to the inefficient use of medical
resources.

The Al diagnostic assistance system, with its powerful data analysis and learning capabilities, can perform
deep learning on large volumes of cancer imaging data. It can rapidly and accurately identify characteristic
information in images, effectively reducing diagnostic variability caused by human factors ""*. By providing
precise image analysis, Al systems deliver more consistent diagnostic results, significantly improving diagnostic
consistency . Moreover, the system’s rapid processing capabilities can substantially reduce diagnostic time,
enhancing efficiency and securing valuable treatment time for patients "'’

The results of this study demonstrate that the Al diagnostic assistance system combined with CT imaging

has high application value in diagnosing pulmonary nodules. Compared to standalone CT imaging, the Al-
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assisted system significantly improves the detection rate, sensitivity, specificity, and accuracy of malignant
pulmonary nodules while reducing false positive and false negative rates.

A comparison of CT imaging features between benign and malignant pulmonary nodules revealed that
malignant nodules exhibit typical imaging characteristics, such as larger size, irregular shape, blurred margins,
uneven density, lobulation, spiculation, and pleural indentation. Conversely, benign nodules are more likely
to appear smaller, with regular shape, clear margins, uniform density, and without lobulation, spiculation, or
pleural indentation. The Al diagnostic system can accurately identify these features and assess the benign or
malignant nature of pulmonary nodules, providing critical reference information for physicians "',

Furthermore, the system showed significant differences in its assessment of benign and malignant
pulmonary nodules, with higher evaluation scores for malignant nodules compared to benign ones. This
indicates that the Al diagnostic assistance system can effectively assess the malignancy of pulmonary nodules
through CT image analysis, offering valuable information for the formulation of clinical treatment plans.

5. Conclusion

In summary, the application of the Al diagnostic assistance system in pulmonary nodule CT diagnosis improves
diagnostic accuracy and reliability, reduces misdiagnosis and missed diagnosis, and holds significant clinical
value and application prospects. However, this study has certain limitations, such as a relatively small sample
size and short research duration. Future studies should expand the sample size and conduct multi-center, large-
sample clinical research to verify the long-term efficacy and safety of the Al diagnostic assistance system in
pulmonary nodule diagnosis. Additionally, continuous optimization of Al algorithms and models is needed to
enhance its diagnostic capabilities for complex pulmonary nodules, thereby providing more precise medical

services for patients.
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Abstract: With the advancement of the modernization of traditional Chinese medicine (TCM), TCM granules have
emerged and garnered widespread attention. This study provides a comprehensive review of the development of TCM
granules, analyzing their characteristics in terms of ease of use, quality stability, and pharmacodynamic advantages. It also
explores their broad application prospects in clinical TCM treatment and preventive healthcare. Through an integrative
analysis of relevant research literature, the study highlights the significant value and vast development potential of TCM
granules in modern medicine. The article aims to offer valuable references for the modernization and internationalization of
TCM while promoting the continuous development and innovative application of TCM granules in the field of traditional
Chinese medicine.

Keywords: TCM granules; Advantages; Clinical application; Preventive healthcare

Online publication: February 13, 2025

1. Introduction

Throughout the long history of traditional Chinese medicine (TCM) development, drug formulations have
continually evolved and innovated to meet the demands of modern society and medical practices. As a novel
TCM formulation, TCM granules have emerged based on traditional decoctions, integrating the essence of TCM
theories with modern pharmaceutical technologies. They are gradually gaining prominence in clinical TCM
treatment, the modernization of TCM, and public health care. TCM granules retain the characteristics and efficacy
of TCM compound formulas while offering numerous advantages, including convenience, quality stability, and
ease of storage and transport !". These features make TCM granules a prominent research and application focus
in the field of TCM, paving new paths for its inheritance and development. They also provide patients with safer,
more efficient, and more convenient medication options, showcasing broad application prospects and significant
research value.




2. Development history of traditional Chinese medicine granules

The development of TCM granules can be traced back to the mid-20th century. Early preparation methods were
relatively simple due to technological limitations, often involving the direct granulation of crushed TCM decoction
pieces. This approach resulted in incomplete extraction of active ingredients and inconsistent granule quality .
With rapid advancements in science and technology, modern pharmaceutical techniques began to be applied to
TCM granules in the 1970s. For example, in extraction technology, supercritical fluid extraction was introduced
to extract active components, such as tanshinones from Salvia miltiorrhiza and ligustilide and total lactones from
Ligusticum chuanxiong, which demonstrated enhanced efficacy in preventing cardiovascular and cerebrovascular
diseases .

Drying technologies, such as spray drying and vacuum freeze-drying, have significantly improved the

"l Granulation techniques have also evolved, with innovations such as fluidized

granules’ formability and stability
bed granulation and dry granulation enabling more efficient and precise production processes. Entering the
21st century, advanced quality control methods, including TCM fingerprint technology and multi-component
quantitative analysis, have been widely applied in the field of TCM granules. These methods effectively ensure

product consistency and controllability .

3. Advantages of traditional Chinese medicine granules

3.1. Convenience in consumption

The preparation of traditional decoctions is laborious, requiring patients to spend significant time and effort in
boiling herbs, with conditions such as heat, time, and water volume being difficult to control precisely, often
leading to variations in efficacy. In contrast, TCM granules can be dissolved and consumed instantly, thanks
to modern packaging technologies such as individual sachets or bottled designs. Patients only need to pour
the granules into a cup and add a suitable amount of hot or warm water, and the medicine dissolves quickly,
eliminating the need for the complicated decoction process and saving both time and effort. For example, in a
study by Xu '*, patients using TCM granules found them more convenient to take compared to decoctions.

Additionally, during production, TCM granules benefit from precise weighing systems and automated
packaging equipment, ensuring accurate dosing in each sachet or granule. This eliminates concerns of under-
dosage or over-dosage during use, a problem often associated with pills or powders, especially for children and
the elderly. The application of modern packaging technologies enables clear, pre-measured doses, which can be
tailored to individual patient needs without worry of incorrect dosage .

Furthermore, pills are often hard-textured and difficult for some patients to swallow, while powders may have
an unpleasant taste and can cause choking. TCM granules dissolve well and typically include flavor enhancers or

. . . . . 8
sweeteners, improving patient compliance and therapeutic outcomes )

3.2. Quality stability

TCM granules ensure strict control over raw material quality. During procurement, factors such as the origin and
harvest season are prioritized, with high-quality, authentic medicinal materials being preferred to ensure stable
active ingredient content. For instance, Sanqi from Wenshan, Yunnan, and Zhe Beimu from Pan’an, Zhejiang,
are widely used in granule production. Moreover, the preparation of raw herbs follows standardized management

practices, combining traditional processing techniques with modern quality standards to reduce toxicity and
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enhance pharmacological stability .

During production, modern equipment and automated production lines enable precise control over every stage
of the process. For example, in the extraction process, computer-controlled systems accurately regulate parameters
such as temperature, pressure, and time to ensure efficient extraction without damaging active ingredients. In the
case of Huangqin granules, optimal extraction conditions involve two water extractions: the first with 13 times the
water volume, boiled for 1 hour, and the second with 11 times the water volume, also boiled for 1 hour "

Production environments and process quality control strictly adhere to Good Manufacturing Practices (GMP)
standards, effectively preventing microbial and cross-contamination. Advanced equipment such as vacuum
concentrators and spray dryers efficiently extract and concentrate active components into granule form, minimizing
losses during processing and ensuring the stability and consistency of active ingredients "'’ Additionally, modern
detection equipment, such as microbial limit detectors and heavy metal analyzers, performs comprehensive quality
testing on finished products, further ensuring the stability and safety of TCM granules.

3.3. Pharmacodynamic advantages

Modern TCM granule preparation technologies efficiently extract and retain active ingredients from herbs. For
example, Wang et al. '"* found that ultrasound-assisted extraction of puerarin from Pueraria lobata achieved a
95.85% extraction rate, significantly higher than the 86.2% rate from ethanol reflux methods. For heat-sensitive or
volatile components, such as menthol in Mint or volatile oils in Schizonepeta, low-temperature extraction, freeze-
drying, or encapsulation technologies effectively prevent their loss during preparation.

TCM granules can be designed to exhibit different drug release characteristics according to therapeutic needs.
Immediate-release granules disintegrate and release drugs rapidly, enabling quick therapeutic effects. For example,
Su Xiao Jiu Xin Wan granules, used to treat acute angina pectoris, dissolve and absorb quickly when taken
sublingually, alleviating symptoms within 1-2 minutes "',

Sustained-release granules, on the other hand, use specialized formulation techniques such as slow-release
matrix materials or coating technologies to release drugs gradually and continuously within the body. This

maintains stable blood drug concentrations, reduces dosing frequency, and improves patient adherence """,

4. Application prospects of traditional Chinese medicine granules
4.1. Application in clinical TCM treatment

In cardiovascular medicine, Astragalus granules improve cardiac function through multi-target mechanisms,
enhancing myocardial contractility, dilating blood vessels, and reducing cardiac load, showing significant efficacy
in chronic heart failure. In the study by Yang et al. ""*), patients with chronic heart failure who consumed Astragalus
granules demonstrated better improvement in heart function classification compared to those using Western
medicine. In respiratory medicine, Lianhua Qingwen granules have strong inhibitory effects on the influenza
virus, effectively alleviating flu symptoms such as fever, cough, and fatigue, while maintaining good safety "', In
gastroenterology, the TCM granule Chaihu Shugan San provides mild and sustained therapeutic effects, gradually
improving gastric symptoms in patients. For chronic gastritis, consuming Chaihu Shugan San can not only relieve
discomforts such as stomach pain and bloating but also regulate emotions and prevent exacerbation caused by

[17]

emotional distress. He " " suggested in his research that compared to the Western drug lansoprazole, Chaihu

Shugan San has favorable clinical effects in treating chronic gastritis.
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In surgery, the application of TCM granules is particularly noteworthy. For example, in fracture treatment,
granules such as Jiegu Xujin granules promote blood circulation, reduce swelling and pain, accelerate fracture
healing, and shorten recovery time "'*. In gynecology, Wuji Baifeng granules help regulate female endocrine
functions, improving symptoms like menstrual irregularities, dysmenorrhea, and amenorrhea. Clinical practice
has shown that Wuji Baifeng granules also assist in regulating menstrual cycles and ovulation functions in patients
with polycystic ovary syndrome, improving pregnancy rates '*. In pediatrics, considering the immature liver and
kidney functions of children, TCM granules like Xiao’er Ganmao granules and Xiao’er Zhike granules offer high
safety and confirmed efficacy. These granules, through proper formulation and dosage control, effectively alleviate
symptoms, shorten recovery time, and provide safe and effective treatment for children.

4.2. Application in preventive healthcare

With the accelerating pace of modern life and heightened health awareness, people are increasingly focusing
on wellness and prevention, seeking scientific methods to prevent diseases and enhance physical fitness. In this
context, TCM granules have demonstrated their advantages. For instance, for common sub-health conditions
such as fatigue, insomnia, and low immunity, TCM granules like Ginseng granules and Astragalus granules
exhibit remarkable effects in boosting energy, nourishing blood, calming the mind, and enhancing immunity.
These granules are convenient to carry and consume, have good taste, and exhibit minimal side effects, making
them ideal for long-term use as part of modern health maintenance routines *”. For the elderly, granules such as
Liuwei Dihuang granules and Goji berry granules, which replenish kidney essence and delay aging, can improve
physical fitness and enhance the quality of life *'". For women, granules like Rose granules and Angelica granules,
which promote beauty and regulate endocrine functions, can help maintain a youthful appearance and alleviate
menopausal symptoms.

In today’s society, with the increasing pace of life and worsening environmental pollution, the incidence
of various diseases continues to rise, prompting greater attention to disease prevention. TCM granules, as a
convenient, efficient, and widely accepted form of TCM, exhibit great potential in disease prevention. For
instance, in preventing respiratory infections like influenza, granules such as Banlangen granules and Honeysuckle
granules possess significant heat-clearing, detoxifying, and antiviral properties, making them suitable for daily
preventive use during flu seasons. Long-term consumption can enhance immunity and reduce the risk of influenza

. . . 22
virus infections %,

5. Conclusion

As a significant outcome of TCM formulation reform, TCM granules have continuously integrated modern
technology throughout their development, showcasing numerous advantages. Their convenience, quality stability,
and pharmacodynamic benefits offer broad application prospects in both clinical TCM treatment and preventive
healthcare. With further research and technological advancements, TCM granules are expected to play a greater
role in more fields, advancing the modernization and internationalization of TCM. However, challenges remain,
such as standardizing the quality of compound TCM granules and evaluating the safety of their combined use with
Western medicines. These issues require further in-depth research and exploration by medical and pharmaceutical

researchers to fully realize the potential of TCM granules and contribute more significantly to global health.
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Abstract: Objective: To analyze the therapeutic effect of high-frequency electrosurgical knife surgery guided by painless
digestive endoscopy (PDE) in elderly patients with gastrointestinal polyps (GP). Methods: A total of 100 elderly GP
patients admitted between June 2021 and December 2022 were selected. Patients were randomly divided into two
groups: the painless group (50 cases) underwent high-frequency electrosurgical knife surgery guided by PDE, while
the conventional group (50 cases) underwent the same surgery guided by traditional digestive endoscopy (DE). The
total treatment efficacy, perioperative indicators, gastrointestinal hormone levels, oxidative stress (OS) markers, and
complication rates were compared between the two groups. Results: The total treatment efficacy in the painless group was
higher than that in the conventional group, and perioperative indicators were superior in the painless group (P < 0.05). One
week after treatment, the gastrointestinal hormone levels and OS-related markers in the painless group were better than
those in the conventional group (P < 0.05). The complication rate in the painless group was lower than in the conventional
group (P < 0.05). Conclusion: High-frequency electrosurgical knife surgery guided by PDE improves the effectiveness
of polyp removal in elderly GP patients and accelerates postoperative recovery. It also protects gastrointestinal function,

reduces postoperative OS, and ensures higher surgical safety.

Keywords: Painless digestive endoscopy; High-frequency electrosurgical knife surgery; Elderly gastrointestinal polyps
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1. Introduction

Gastrointestinal polyps (GP) are benign tumors located on the mucosa of the digestive tract, characterized by
epithelial tissue protrusions. GP has a high incidence rate and, if left untreated, can progress and increase the risk
of malignancy, affecting prognosis. Currently, digestive endoscopy (DE) is the standard diagnostic and therapeutic
technology for GP, allowing precise control of the observation range, clear visualization of polyp status, and
guidance for removal procedures . High-frequency electrosurgical knife surgery guided by DE utilizes high-
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frequency currents and voltage to precisely separate tissues and completely excise polyps. This approach is
simple, minimally invasive, and effective. However, traditional endoscopy often causes significant discomfort
during insertion, such as nausea or palpitations, reducing patient cooperation. In contrast, PDE can alleviate the
discomfort of endoscope insertion with the use of analgesics, thus improving surgical efficiency . This study
evaluated the efficacy of high-frequency electrosurgical knife surgery guided by PDE in 100 elderly GP patients.

2. Materials and methods

2.1. General information

A total of 100 elderly patients with GP treated in the hospital from June 2021 to December 2022 were included.
The patients were randomly divided into two groups using a random number table:

(1) Painless group: 50 cases, including 27 males and 23 females; ages ranged from 62 to 88 years, with a
mean of (71.26 £ 3.12) years; polyp diameters ranged from 1.1 to 3.6 cm, with a mean of (1.95 + 0.43)
cm; 19 cases had multiple polyps, and 31 cases had single polyps.

(2) Conventional group: 50 cases, including 29 males and 21 females; ages ranged from 63 to 89 years, with
a mean of (71.37 + 3.20) years; polyp diameters ranged from 1.2 to 3.8 cm, with a mean of (1.97 £ 0.59)
cm; 20 cases had multiple polyps, and 30 cases had single polyps.

There was no significant difference in baseline data between the two groups (P > 0.05).

Inclusion criteria: Diagnosis of GP confirmed by gastroscopic pathology; age > 60 years; clear consciousness;

complete clinical data; informed consent to participate.

Exclusion criteria: Presence of gastric perforation; primary diseases such as gastroesophageal bleeding;

malignancies; history of open abdominal surgery; withdrawal during the study.

2.2. Methods

Before surgery, routine examinations of cardiac and liver functions were performed. Patients fasted for 8 hours
and consumed compound polyethylene glycol electrolyte powder (137.15 g), dissolved in 2 L of warm water, and
taken in divided doses.

2.2.1. Painless group

High-frequency electrosurgical knife surgery was performed under painless digestive endoscopy (PDE) guidance.
Patients were positioned in the lateral decubitus position. Propofol emulsion injection (1.0 ug/kg) was administered
intravenously 5 minutes before surgery. Fentanyl citrate injection (0.5 pg/kg) was also administered intravenously.
After anesthesia onset (disappearance of eyelash reflex), the digestive endoscope (DE) was slowly inserted to
observe the location, number, and morphology of the polyps. Surrounding fluids were suctioned to ensure a clear
surgical field. The high-frequency electrosurgical knife was set at a coagulation power of 40 W, a current index
of 4.0, and a power-on duration of 2 seconds per application. Polyps were lifted completely using non-damaging
forceps and excised using the electrosurgical knife for coagulation and cutting.

2.2.2. Conventional group
High-frequency electrosurgical knife surgery was performed under traditional DE guidance. No anesthesia was
administered before surgery. The digestive endoscope was slowly inserted to observe the polyps, followed by
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coagulation and excision using the high-frequency electrosurgical knife. The procedure followed the same steps as
in the painless group.

2.3. Observation indicators

(1) Perioperative indicators: Observations included intraoperative blood loss, surgery duration, postoperative
pain at 2 hours (measured using a visual analog scale, with scores ranging from 0 to 10, where higher
scores indicate greater pain), postoperative exhaust time, and length of hospital stay.

(2) Gastrointestinal hormones: Four milliliters of fasting venous blood was drawn, centrifuged for 12 minutes
at 4,000 r/min to extract serum, and used to measure vasoactive intestinal peptide (VIP), gastrin (GAS),
and motilin (MOT) levels using radioimmunoassay.

(3) Oxidative stress (OS) markers: Fasting venous blood was processed similarly to measure
5-hydroxytryptamine (5-HT) and malondialdehyde (MDA) using enzyme-linked immunosorbent assay
(ELISA). Glutathione peroxidase (GSH-Px) and total antioxidant capacity (T-AOC) were measured using
a chemical colorimetry method.

(4) Complication rate: Observed complications included gastrointestinal bloating, wound infection, gastric
perforation, and gastric bleeding.

2.4. Efficacy evaluation criteria

(1) Significant effect: Complete removal of polyps in one session with total symptom resolution.
(2) Effective: Residual polyps with significant symptom alleviation.
(3) Ineffective: Large residual polyps with no symptom relief.

2.5. Statistical analysis

Data were analyzed using SPSS 28.0. Measurement data were expressed as mean + standard deviation (SD)
and compared using the #-test. Count data were expressed as [n (%)] and compared using the ¥ test. Statistical
significance was set at P < 0.05.

3. Results
3.1. Comparison of overall treatment effectiveness between groups

Table 1 shows that the overall treatment effectiveness rate in the painless group was significantly higher than
that in the conventional group (P < 0.05).

Table 1. Comparison of overall treatment effectiveness between groups [7 (%)]

Group n Significant effect Effective Ineffective Total effectiveness
Painless 50 26 (52.0) 22 (44.0) 2 (4.0 48 (96.0)
Conventional 50 21 (42.0) 20 (40.0) 9 (18.0) 41 (82.0)
v - - - - 5.005
P - - - - 0.025
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3.2. Comparison of perioperative indicators between groups

Table 2 shows that the perioperative indicators in the painless group were significantly better than those in the
conventional group (P < 0.05).

Table 2. Comparison of perioperative indicators between groups (mean + SD)

Group n  Bloodloss (mL) Surgery time (min) Poittog el:‘?:ic‘:)igain efl?:;zlzi:;t:‘;fl) Hospital stay (days)
Painless 50 15.62 +2.34 27.11 £4.03 1.85+0.56 24.10 +3.56 6.61 =1.58
Conventional 50 21.27+£3.41 3691 +4.37 3.01 £0.79 33.15+3.97 8.40 +1.79
t - 9.660 11.657 8.471 12.001 5.301
P - 0.000 0.000 0.000 0.000 0.000

3.3. Comparison of gastrointestinal hormones between groups

Before treatment, there were no significant differences in gastrointestinal hormone levels between the groups (P
> (.05). After one week of treatment, the gastrointestinal hormone levels in the painless group were significantly
better than those in the conventional group (P < 0.05), as shown in Table 3.

Table 3. Comparison of gastrointestinal hormones between groups before and after treatment (mean + SD, pg/
mL)

vIP GAS MOT

Group n
Before After Before After Before After

Painless 50 36.15+4.19 40.15+5.98 15036 £ 18.74  130.52+ 1539  262.64+19.85 240.56 £ 18.02
Conventional 50 36.09 £4.22 4591 +5.77 15132 +17.53 11592+ 1470  263.05+18.78  214.66 £ 17.90
t - 0.071 4.901 0.265 4.851 0.106 7.210
P - 0.943 0.000 0.792 0.000 0.916 0.000

3.4. Comparison of oxidative stress markers between groups

Before treatment, there were no significant differences in OS markers between the groups (P > 0.05). After one
week of treatment, the OS markers in the painless group were significantly better than those in the conventional
group (P < 0.05), as shown in Table 4.

Table 4. Comparison of OS markers between groups before and after treatment (mean = SD)

5-HT (ng/mL) MDA (mmol/L) GSH-Px (U/mL) T-AOC (U/mL)

Group

N

Before After Before After Before After Before After

Painless 50 250.65+20.41 375.02+34.11 446+039 5.01+0.58 1,92584+97.63 1,768.32+80.57 5.25+0.64 3.75+0.40
Conventional 50  250.31 +21.47 470.12+39.52 448+0.40 6.42+0.63 1,924.33+98.06 1,620.53+77.32 528+0.69 2.89+0.37
t - 0.081 12.881 0.253 11.643 0.077 9.358 0.225 11.160

P - 0.935 0.000 0.801 0.000 0.939 0.000 0.822 0.000
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3.5. Comparison of complication rates between groups

Table 5 shows the complication rate in the painless group was significantly lower than that in the conventional
group (P <0.05).

Table 5. Comparison of complication rates between groups [# (%)]

Group n  Gastrointestinal bloating Wound infection Gastric perforation Gastric bleeding Total complications
Painless 50 1(2.0) 0 0 0 1(2.0)
Conventional 50 4 (8.0) 1(2.0) 1(2.0) 1(2.0) 7 (14.0)
1 - - - - - 4.891
P - - - - - 0.027

4. Discussion

The development process of GP involves poor dietary habits and weakened gastrointestinal function, leading to
inflammatory responses in the gastric mucosa. This results in the mucosal epithelium protruding and forming
polyps . Elderly individuals have a higher likelihood of developing this condition due to their declining physical
functions, prolonged dietary irregularities, preference for high-salt foods, and frequent constipation. These
factors contribute to intestinal mucosal lesions, thereby triggering GP. Traditional diagnostic endoscopy (DE)
can comprehensively diagnose GP and guide polyp removal. However, elderly patients remain conscious during
the procedure, leading to significant stress reactions such as emotional tension, increased heart rate, and elevated
blood pressure, which can hinder the smooth execution of the procedure . Additionally, in a conscious state,
elderly patients experience faster gastrointestinal motility, delaying wound healing and prolonging postoperative
recovery.

In contrast, PDE offers advantages such as ease of operation, rapid cutting, and efficient hemostasis.
PDE allows patients to undergo endoscopy in a state resembling natural sleep, improving their tolerance to the
endoscopic process and polyp removal. It also slows gastrointestinal motility and efficiently detects and removes
small polyps .

The results of this study indicate that the painless group had a higher overall treatment effectiveness rate
and significantly better perioperative indicators compared to the conventional group (P < 0.05). The underlying
reasons include the following: Local anesthesia administered 5 minutes before the procedure for elderly patients
provided both analgesic and sedative effects, alleviating preoperative anxiety. This improved patient compliance
and ensured the smooth and effective execution of the procedure, enhancing the reliability and safety of the
surgery V. PDE prevents reactions like tremors during the procedure, avoiding damage to healthy tissues and
minimizing intraoperative blood loss. Additionally, PDE eliminates the risk factors associated with electrosurgical
polypectomy and shortens the duration of the surgery. Consequently, the surgical outcomes are favorable, and
postoperative recovery is quicker. Furthermore, anesthetic drugs reduce postoperative pain perception and provide
prolonged analgesic effects, resulting in milder postoperative pain ™,

VIP is produced by intestinal neurons and has dual biological effects. GAS, found in the duodenum and
stomach and produced by pancreatic D cells, promotes gastrointestinal motility and enhances gastric contractions.
MOT, located in the small intestine, stimulates phase III muscle contractions and accelerates gastric emptying.
In this study, the gastrointestinal hormone levels in the painless group were more stable one week after treatment
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compared to before treatment and showed less fluctuation "'”. PDE alleviates pain and psychological distress,
enabling patients to undergo endoscopy in a painless state, reducing excessive gastrointestinal motility, and
stabilizing gastrointestinal hormone secretion.

Serotonin and MDA are common OS markers used to assess stress levels and evaluate surgical stability.
In this study, the OS-related indicators in the painless group were significantly better one week after treatment
compared to the conventional group (P < 0.05). This is attributed to the use of anesthetic agents like propofol in
PDE, which act quickly to provide stable sedative and analgesic effects, stabilize hemodynamics, and reduce stress
responses . Furthermore, the complication rate in the painless group was lower than in the conventional group (P
< 0.05). PDE reduces the invasiveness of high-frequency electrosurgical procedures, improves resection precision,
and prevents unnecessary damage, enhancing safety !'”. The side effects of anesthetic drugs are minimal, primarily
targeting the central nervous system, and they rarely cause residual drug accumulation, demonstrating higher
anesthesia reliability.

5. Conclusion

In conclusion, high-frequency electrosurgical procedures guided by PDE demonstrate high success rates and
facilitate postoperative recovery in elderly GP patients. This approach protects gastrointestinal function, reduces
perioperative stress responses, and ensures high surgical safety, making it the preferred treatment option for elderly
GP patients.
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Abstract: Objective: To explore the effectiveness of multi-modal teaching based on an online case library in the education
of gene methylation combined with spiral computed tomography (CT) screening for pulmonary ground-glass opacity (GGO)
nodules. Methods: From October 2023 to April 2024, 66 medical imaging students were selected and randomly divided
into a control group and an observation group, each with 33 students. The control group received traditional lecture-based
teaching, while the observation group was taught using a multi-modal teaching approach based on an online case library.
Performance on assessments and teaching quality were analyzed between the two groups. Results: The observation group
achieved higher scores in theoretical and practical knowledge compared to the control group (P < 0.05). Additionally, the
teaching quality scores were significantly higher in the observation group (P < 0.05). Conclusion: Implementing multi-
modal teaching based on an online case library for pulmonary GGO nodule screening with gene methylation combined
with spiral CT can enhance students’ knowledge acquisition, improve teaching quality, and have significant clinical

application value.

Keywords: Multi-modal teaching based on online case library; Pulmonary nodules; Gene methylation; Computed

tomography

Online publication: February 13, 2025

1. Introduction

Pulmonary nodules are an early clinical manifestation of lung cancer, with ground-glass opacity (GGO) nodules
being a specific radiological feature of early-stage lung cancer. Clinical diagnosis primarily relies on pathological

21



biopsy via puncture, but small pulmonary nodule diagnoses are often affected by various factors ). Studies
have shown that combining spiral computed tomography (CT) with gene methylation for the diagnosis of early
pulmonary GGO nodules achieves the expected diagnostic value and has a high positive detection rate for small
nodules, making it a feasible and commonly used diagnostic approach in radiology. This approach also places high
demands on the operational skills of diagnostic physicians .

Undergraduate medical education includes medical imaging courses to enhance diagnostic quality. However,
existing teaching methods lack diverse and innovative elements, making it difficult to effectively improve
students’ diagnostic skills. Multi-modal teaching using an online case library emphasizes the importance of
case-based learning. This approach integrates diverse teaching methods around typical cases, offering strong
comprehensiveness .

This study examines the teaching outcomes of multi-modal teaching based on an online case library in
the context of gene methylation combined with spiral CT screening for pulmonary GGO nodules. A total of 66

medical imaging students from October 2023 to April 2024 were included in this research.

2. Materials and methods

2.1. General information

From October 2023 to April 2024, 66 medical imaging students were selected as study subjects and randomly
divided into two groups of 33 each using a random number table method.

Control group: Average age ranged from 18 to 22 years (20.15 + 0.66 years). Educational background: 16
students had a college diploma or below, while 17 were undergraduates or above.

Observation group: Average age ranged from 18 to 22 years (20.39 + 0.59 years). Educational background:
16 students had a college diploma or below, while 17 were undergraduates or above.

There were no statistically significant differences in baseline characteristics between the two groups (P > 0.05).

2.2. Methods

Control group: The traditional lecture-based teaching approach was employed. The teaching content was
aligned with the syllabus and focused on theoretical knowledge, including the definition, classification, imaging
characteristics, anatomical and radiological signs, diagnosis, and differential diagnosis of pulmonary ground-glass
opacity (GGO) nodules. The sessions predominantly utilized slide presentations. During the teaching sessions,
imaging materials of pulmonary GGOs were intermittently introduced to guide students in writing reports. The
final 10 minutes of each session were dedicated to discussing and analyzing challenging cases with the students.

Observation group: A multi-modal teaching method based on an online case library was adopted,

incorporating the following approaches:

(1) Online case library development: An online teaching case library was constructed using an electronic
medical record system and PACS platform. This library included knowledge about pulmonary GGO
nodules, gene methylation, and spiral CT detection. Thirty typical cases were collected from the hospital,
covering conditions such as tumors, pneumonia, congenital diseases, and pulmonary connective tissue
diseases. For each type, clinical data from five patients (medical history, specialized examinations,
imaging findings, pathological results, etc.) were compiled. A web-based teaching material system was
established for students to access and review online.
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(2) Case-based learning (CBL): Before teaching, three representative cases were selected from the online
teaching case library. During the session, students were guided to search the case library, analyze cases
in detail, and answer questions based on the syllabus. Students were encouraged to provide feedback
on cases, which was evaluated by the instructor. At the end of the session, new questions were posed
to stimulate further learning. Students were also instructed to use online tools for review and problem-
solving, with unresolved queries addressed in the following class.

(3) Al-assisted teaching: Al software systems were used to analyze cases from the online library. The system
facilitated an in-depth study of the imaging characteristics of pulmonary GGO nodules, such as location,
size, and density, including features like vacuole signs, air bronchogram signs, and vascular convergence
signs. Teachers summarized and explained the Al-assisted analysis, helping students address questions
related to the interpretation of pulmonary GGO imaging.

2.3. Observation indicators

(1) A custom-designed assessment questionnaire was used to evaluate students. It included theoretical
knowledge (objective and subjective questions) and practical knowledge. The total score was 100, with
scores directly proportional to assessment outcomes.

(2) A post-teaching survey assessed teaching quality using a self-designed questionnaire. This included
dimensions such as learning enthusiasm, independent problem-solving abilities, foundational imaging
knowledge, clinical diagnostic thinking, report writing skills, and teamwork/interactive communication.
Each dimension was scored out of 100, with higher scores indicating better teaching quality.

2.4, Statistical methods

Statistical analysis was performed using SPSS 25.0. Measurement data were expressed as mean + standard
deviation (SD) and analyzed using t-tests. Count data were expressed as [n (%)] and analyzed using the chi-
squared (?) test. Differences were considered statistically significant when P < 0.05.

3. Results

3.1. Comparison of assessment results between the two groups

The scores for theoretical and practical knowledge in the observation group were significantly higher than those in
the control group (P < 0.05), as shown in Table 1.

Table 1. Comparison of assessment results between the two groups (mean + SD, points)

Group n Theoretical knowledge Practical knowledge
Control group 33 80.23 +4.45 81.61 +4.02
Observation group 33 85.56 +4.37 91.11+3.39
t 4.909 10.378
P <0.001 <0.001

3.2. Comparison of teaching quality between the two groups

The observation group showed significantly higher teaching quality scores across all dimensions compared to the

23 Volume 9; Issue 1



control group (P < 0.05), as shown in Table 2.

Table 2. Comparison of teaching quality between the two groups (mean = SD, scores)

. Independent  Foundational Clinical .
Learning . . . . Report writing Teamwork &
Group n . problem- imaging diagnostic . . .
enthusiasm . o skills interaction
solving knowledge thinking
Control group 33 75.28 £3.27 78.76 £5.51 81.22+5.46 83.31+441 85.84+£3.33 84.43+£4.40

Observation group 33 80.16 + 3.38 84.47 +5.36 88.75+£4.49 91.18 £3.62 92.64 +3.59 95.56 £2.79
t 5.961 4.267 6.119 7.924 7.978 12.272
P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

4. Discussion

Gene methylation combined with spiral CT screening of pulmonary ground-glass nodules is a critical diagnostic
procedure in radiology. The accuracy of diagnostic results is closely linked to the operator’s experience and
technical skills, necessitating educational models that enhance these skills “*". Traditional teaching methods,
though effective to some extent, focus predominantly on theoretical knowledge and rely on didactic teaching
approaches, which limit students’ learning autonomy, independent thinking abilities, and practical imaging
interpretation skills. This hampers improvements in teaching quality *”". Therefore, adopting an innovative
teaching model is crucial.

Multi-modal teaching based on an online case library integrates typical cases into different teaching
methodologies, each with unique structures and processes, to leverage their respective advantages. This approach
enables students to comprehensively grasp theoretical and practical knowledge, facilitating a deeper understanding
%% The teaching model encourages students to actively explore relevant knowledge points through typical cases
and engage in discussions with instructors, thereby promoting better knowledge retention and fostering teamwork
skills "',

In this study, the assessment scores in the observation group were significantly higher, primarily because the
multi-modal teaching method based on the online case library incorporates various teaching approaches. The case
library itself contains theoretical knowledge taught during the sessions, enabling instructors to guide students in
learning and summarizing typical cases. This process allows students to independently and efficiently acquire and
master both theoretical and practical knowledge.

Furthermore, the teaching quality scores in the observation group were notably higher. The multi-modal
teaching model integrates online and offline modules, using network platforms to complement classroom teaching
and address the diverse learning preferences of students '*. Additionally, the use of Al technology helps create
knowledge maps and cognitive frameworks for pulmonary ground-glass nodules, aligning with students’ learning
psychology and enhancing their enthusiasm for learning. This, in turn, strengthens their teamwork and interactive
communication skills ",

CBL prioritizes students as the focal point of the teaching process, with clinical case problems serving as the
foundation and diagnostic reasoning as the main thread. This interactive and open-ended method integrates typical
cases into the curriculum, enabling a shift in clinical diagnostic thinking and improving foundational imaging

knowledge while cultivating diagnostic reasoning skills '*'*,
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5. Conclusion

In conclusion, when teaching clinical medical imaging students about gene methylation combined with spiral
CT screening of pulmonary ground-glass nodules, a multi-modal teaching model based on an online case library
enhances students’ knowledge base, improves teaching quality, and has high clinical application value.
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Abstract: Objective: To evaluate the use of infrared thermography technology for objective and quantitative syndrome
differentiation and treatment in traditional Chinese medicine (TCM), specifically in patients with Chaihu Guizhi Ganjiang
Decoction syndrome. Methods: Data were collected from over 100 patients diagnosed with Chaihu Guizhi Ganjiang
Decoction syndrome at Professor Li Leyu’s endocrinology clinic, Zhongshan Hospital of Traditional Chinese Medicine,
Guangdong Province, between April 2021 and April 2022. Body surface temperature data were obtained using the
MTI-EXPRO-2013-B infrared thermography system. Principal component analysis (PCA) was applied to differentiate
temperature distribution characteristics between genders, and a neural network prediction model was constructed for
syndrome diagnosis. Results: Infrared thermography effectively captured surface temperature characteristics of patients
with Chaihu Guizhi Ganjiang Decoction syndrome. PCA identified one principal component with a variance explanation
rate of 73.953% for females and two principal components with a cumulative variance explanation rate of 77.627% for
males. The neural network model demonstrated high predictive performance, with an area under the ROC curve of 0.9743
for the training set and 0.9889 for the validation set. Sensitivity was 1, specificity 0.8636, precision 0.8846, accuracy 0.9333,
and the F1 score 0.9388. Conclusion. Infrared thermography provides an innovative, objective, and quantitative method for
syndrome differentiation and treatment in TCM. It represents a significant advancement in transitioning from traditional
empirical approaches to modern, visualized, and precise diagnosis and treatment. This study underscores the potential of
integrating advanced technologies in TCM for enhanced clinical application and modernization.
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1. Introduction

The syndrome treated by Chaihu Guizhi Ganjiang Decoction in traditional Chinese medicine (TCM) poses a
considerable diagnostic challenge for young doctors due to its complex etiology, pathogenesis, and diverse clinical
manifestations. Traditional methods of syndrome differentiation and treatment depend heavily on the physician’s
subjective experience, which proves inadequate in modern medical contexts that demand objective, quantitative
indicators. Infrared thermography, a non-invasive and non-contact detection method, has demonstrated unique
advantages in various medical fields by capturing real-time body surface temperature distributions. This approach
offers a new perspective for the early diagnosis of diseases and the assessment of therapeutic effects "),

Within the field of TCM, the application of infrared thermography remains exploratory but demonstrates
significant potential. This study aims to utilize infrared thermography to quantitatively analyze the body surface
temperature characteristics of patients treated with Chaihu Guizhi Ganjiang Decoction and construct a predictive
model based on infrared thermography. The study seeks to provide innovative tools and methodologies for
syndrome differentiation and treatment in TCM.

The theoretical foundation of TCM syndrome differentiation emphasizes individualized therapy. The etiology
and pathogenesis of the Chaihu Guizhi Ganjiang Decoction syndrome are multifaceted, involving factors such as
liver depression, spleen deficiency, and cold dampness. Traditional TCM syndrome differentiation is rooted in the
four diagnostic methods of inspection, auscultation and olfaction, inquiry, and palpation. While rich in experiential
knowledge, these methods are highly subjective and difficult to standardize.

Infrared thermography technology has gained attention in the medical field for its non-invasive nature
and ability to monitor surface temperature distribution in real time. It has shown particular promise in the early
diagnosis of conditions such as tumors and inflammations. Based on the principle of thermal radiation, infrared
thermography captures surface temperature differences, providing an objective foundation for disease diagnosis.

Although its application in clinical TCM remains in its infancy, the integration of data analysis methods,
including statistical analysis and machine learning, has become increasingly widespread in TCM research. These
methods enable the extraction of patterns from extensive datasets, the construction of predictive models, and
the enhancement of the scientific rigor and accuracy of TCM syndrome differentiation and treatment . The
combination of these technological advancements has paved new pathways for modernizing and refining TCM

diagnostic and therapeutic practices.

2. Research methods

2.1. Research subject
This study utilized a randomized controlled trial (RCT) design to evaluate the application of infrared thermography

technology in assisting syndrome differentiation and treatment in Traditional Chinese Medicine (TCM). Subjects
were selected from patients meeting the diagnostic criteria for Chaihu Guizhi Ganjiang Decoction syndrome who
visited a TCM hospital in Guangdong Province between January 2023 and December 2023.
The inclusion criteria were as follows:
(1) Patients aged 18 to 65 years;
(2) Diagnosed with Chaihu Guizhi Ganjiang Decoction syndrome through comprehensive TCM diagnostic
methods;

(3) Willingness to participate and provision of signed informed consent.
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Exclusion criteria included:

(1) Severe heart, liver, or kidney dysfunction or other major diseases;

(2) Pregnancy or breastfeeding;

(3) Sensitivity or intolerance to infrared thermography technology.

The subjects were divided into an experimental group (n = 50) and a control group (» = 50) using a random
number table method. The experimental group received conventional TCM syndrome differentiation treatment
combined with infrared thermography technology for auxiliary diagnosis, whereas the control group received only
conventional TCM syndrome differentiation treatment. All patients underwent a 4-week treatment period, during
which multiple infrared thermography scans and clinical evaluations were conducted. Data collected included
basic patient information, TCM four diagnostic methods information, infrared thermography data, and clinical

symptom scores before and after treatment.

2.2. Infrared thermography inspection

Infrared thermography detection was conducted using the FLIR A655sc infrared thermal imager (FLIR Systems,
USA), which offers high resolution (640%x480 pixels) and precise temperature measurement capabilities (+ 0.1°C).
Before each clinical evaluation, patients were instructed to sit quietly at room temperature (approximately 22°C)
for 15 minutes to stabilize their body temperature. Subsequently, patients exposed their upper bodies, and infrared
thermography scans were performed from the neck to the waist.

The scanning process, carried out by professionally trained technicians, included the chest, abdomen, back,
and related meridian acupoints to capture changes in “cold and heat, deficiency and excess” based on TCM theory.
After data collection, FLIR Tools+ software (version 5.4.18074) was used for image processing and analysis. The
software automatically generated thermograms and calculated average temperatures and temperature gradients for
specific areas. Using TCM diagnostic principles, the research team conducted both qualitative and quantitative
analyses of the thermograms, identifying abnormalities such as uneven temperature distributions and meridian

blockages, and compared these findings with the results of the four diagnostic methods of TCM.

2.3. Data analysis method

The data from infrared thermography and clinical assessments were preprocessed and standardized using Z-score
and Min-Max normalization methods to ensure normal data distribution and uniform units. Principal component
analysis (PCA) was then employed to reduce dimensionality, extract key features, and retain components
accounting for more than 95% of the cumulative variance.

A three-layer neural network was designed for modeling calculations. Each hidden layer contained 100
nodes, and the model employed the ReLU activation function, the L-BFGS solver, a learning rate of 0.1, an L2
regularization term of 1, and 200 iterations. The neural network structure and parameters were optimized to

achieve accurate and reliable predictive modeling.

3. Results

3.1. Infrared imaging principal component analysis table of meridian components at
various body parts

Table 1 shows the factor loading coefficients of the study.
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Table 1. Factor loading coefficients

Body parts Factor loading coefficient (principal component 1) Commonality (common factor variance)
Face 0.478 0.228
Anterior trunk 0.932 0.869
Left rib cage 0.839 0.704
Right rib cage 0.768 0.590
Conception vessel 0.706 0.499
Governor vessel 0.747 0.558

3.2. Female infrared principal component analysis

Principal component analysis was conducted for female detection areas, including the anterior trunk, left breast,
uterus, Ren meridian, Du meridian, right breast, and head and face. The Kaiser-Meyer-Olkin (KMO) measure
yielded a value of 0.855, indicating the suitability of the data for factor analysis. Bartlett’s test of sphericity
returned a significance value of 0.000, confirming significant correlations among variables and validating the
analysis’s applicability. Detailed results are presented in Table 2.

One principal component with an eigenvalue greater than 1 was extracted, explaining 73.953% of the
variance. The cumulative variance explained by this principal component was also 73.953%. These results are
detailed in Table 3.

The formula for the female principal component score model is:

Female principal component score 1 = 0.283 x head and face + 0.421 x anterior trunk + 0.378 x left breast +
0.377 x uterus + 0.392 x Ren meridian + 0.379 x Du meridian + 0.401 X right breast.

Table 2. Female principal component test results

KMO value 0.855
Approximate x> 277.522
Bartlett’s test of sphericity df 21
P 0.000%**

Note: *** ** * represent significance levels of 1%, 5%, and 10% respectively.

Table 3. Total variance explained for female principal component analysis

Ingredients Eigenvalues Variance explained (%) Cumulative variance explained (%)
1 5177 73.953 73.953
2 0.752 10.737 84.690
3 0.524 7.489 92.178
4 0.338 4.824 97.003
5 0.117 1.670 98.672
6 0.058 0.824 99.497
7 0.035 0.503 100.000
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Figure 1. Gravel plot of a female

3.3. Male infrared principal component analysis

Principal component analysis was performed for male detection areas, including the head and face, anterior trunk,
left ribs, right ribs, Ren meridian, and Du meridian. The KMO measure yielded a value of 0.702, while Bartlett’s
test of sphericity returned a significance value of 0.000, indicating significant correlations among variables and
validating the analysis.

Two principal components were extracted, with eigenvalues greater than 1. These components explained
57.476% and 20.151% of the variance, respectively, accounting for a cumulative variance explanation rate of
77.627%. The principal component score formulas for males are as follows:

Male principal component score 1 =0.257 X head and face + 0.502 x anterior trunk + 0.452 x left ribs + 0.414
x right ribs + 0.380 x Ren meridian + 0.402 x Du meridian.

Male principal component score 2 = 0.656 x head and face + 0.120 x anterior trunk — 0.345 x left ribs — 0.465
x right ribs + 0.451 x Ren meridian — 0.130 x Du meridian.

The comprehensive principal component score for males is calculated as follows:

Male comprehensive score = (0.575 / 0.776) x F1 + (0.202 / 0.776) x F2, where F1 and F2 represent the first
and second principal components, respectively.

Table 4. Male principal component test results

KMO value 0.702
Approximate x> 97.758
Bartlett’s test of sphericity df 15
P 0.000%**

Note: *** ** * represent significance levels of 1%, 5%, and 10% respectively.

31 Volume 9; Issue 1



Table 5. Total variance explained for male principal component analysis

Ingredients  Eigenvalues Variance explained (%) Cumulative variance explained (%)
1 3.449 57.476 57.476
2 1.209 20.151 77.627
3 0.742 12.374 90.001
4 0.303 5.043 95.044
5 0.207 3.452 98.496
6 0.090 1.504 100.000

3.449
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Figure 2. Gravel plot of a male

3.4. Combined male and female infrared principal component analysis

A principal component analysis was conducted for detection areas including the head and face, anterior trunk, left
ribs/left breast, right ribs/right breast, and the conception and governing vessels. The KMO test yielded a value of
0.787, and Bartlett’s test of sphericity indicated a significant P-value of 0.000***, rejecting the null hypothesis.
This result confirms significant correlations among the variables and validates the appropriateness of the principal
component analysis, as detailed in Table 6.

The extraction of the primary components of the meridians for males and females is presented in Table 7. A
scree plot illustrating the degree of variance explained by each principal component is shown in Figure 3. Two
principal components with eigenvalues exceeding 1 were extracted. The variances explained by these components
were 65.761% and 14.191%, respectively, resulting in a cumulative variance explanation of 79.953%.

Table 6. Male and female principal component test results

KMO value 0.787
Approximate x> 289.11
Bartlett’s test of sphericity df 15
P 0.000%**

Note: *** ** * represent significance levels of 1%, 5%, and 10% respectively.
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Table 7. Variance explained by principal component analysis (combined)

Ingredients  Eigenvalues Variance explained (%) Cumulative variance explained (%)
1 3.946 65.761 65.761
2 0.851 14.191 79.953
3 0.668 11.139 91.092
4 0.305 5.085 96.177
5 0.149 2.490 98.667
6 0.080 1.333 100.000

3.946

HFa

Figure 3. Gravel plot of male and female

3.5. Infrared imaging neural network for predicting solar and lunar eclipses

The infrared imaging neural network model demonstrated high performance in predicting solar and lunar eclipses. The
area under the receiver operating characteristic (ROC) curve for the training set was 0.9743 (95% CI: 0.8933 to 0.9942,
Figure 4 left), while the validation set achieved an AUC of 0.9889 (95% CI: 0.8437 to 0.9993, Figure 4 right).

Model performance metrics are as follows: sensitivity = 1.000, specificity = 0.864, precision = 0.885,
accuracy = 0.933, and F1 score = 0.939.

1.00 sick area 1.00 ' sick area
090 rop=- —0 09743 0.90 _l —0 09889
et —1 049743 —1 0.9889
0.80-] 0.80
0704 0.70
0.60 0.60
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0 020 040 060 080  1.00 0 0.20 0.40  0.60 0.80 1.00
Speacificit 1-specificity

Figure 4. ROC curves for (left) training data and (right) data validation. Dotted line for the normal test group, solid line for
the solar oligophrenic patients.
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4. Discussion

4.1. The application value of infrared thermography in syndrome differentiation of
Chaihu Guizhi Ganjiang Decoction syndrome

Infrared thermography effectively captures the distribution of body surface temperature in patients, providing
objective and quantitative indicators for syndrome differentiation in TCM. Through PCA, key thermal imaging
features associated with the Chaihu Guizhi Ganjiang Decoction syndrome were successfully extracted. These
features exhibited significant correlations with clinical symptom scores, as evidenced by Pearson correlation
analysis (P < 0.05). Furthermore, independent samples t-tests validated significant differences in infrared thermal
imaging data before and after treatment (P < 0.01), demonstrating the capability of infrared thermography to
evaluate treatment outcomes effectively.

4.2. Advantages of infrared thermography in syndrome differentiation and treatment in
traditional Chinese medicine

The advantages of infrared thermography in TCM syndrome differentiation and treatment are primarily reflected
in its non-invasive nature, real-time functionality, and objectivity. Compared to the traditional four diagnostic
methods of TCM, infrared thermography provides precise, quantitative data, thereby reducing errors caused by
subjective judgment. The results of K-means cluster analysis demonstrated that infrared thermography data could
effectively distinguish patients with different syndromes, offering a novel perspective and tool for TCM syndrome
differentiation. Additionally, infrared thermography is not constrained by time or location, enabling data collection

in diverse environments and conditions, which underscores its broad clinical applicability "

4.3. Specific application of infrared thermography in syndrome differentiation of Chaihu
Guizhi Ganjiang Decoction syndrome

Infrared thermography technology identifies specific thermographic patterns associated with Chaihu Guizhi
Ganjiang Decoction syndrome by capturing the distribution of body surface temperatures. Using logistic regression
models, random forest models, and neural network models, treatment outcomes were successfully predicted with
accuracies of 85%, 90%, and 92%, respectively. These predictive models support TCM practitioners in syndrome
differentiation and treatment while enabling personalized treatment plans that enhance therapeutic effectiveness

and patient satisfaction ),

4.4. The contribution of predictive models to improving the accuracy of syndrome
differentiation and treatment in traditional Chinese medicine

The application prospects of predictive models in clinical TCM are extensive. Predictive models enhance the
accuracy of syndrome differentiation and treatment in TCM by reducing the risk of misdiagnosis and missed
diagnoses. By integrating infrared thermography technology with predictive models, practitioners can more
precisely determine a patient’s syndrome type and predict treatment outcomes, thereby enabling the formulation of
more scientific and effective treatment plans. Additionally, predictive models introduce new methods and tools for
clinical research in TCM, advancing its modernization and internationalization.

The contributions of predictive models to improving the accuracy of syndrome differentiation and treatment
in TCM are reflected in several key aspects. Firstly, predictive models provide objective, quantitative indicators,

thereby minimizing errors arising from subjective judgment. Secondly, these models assist practitioners in
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syndrome differentiation and treatment, improving therapeutic efficacy and patient satisfaction. Lastly, neural
network models excel in capturing complex nonlinear relationships, offering deeper insights into syndrome
differentiation and treatment outcomes.

Through these data analysis methods, this study systematically evaluates the application effects of infrared
thermography in TCM syndrome differentiation and treatment, providing a robust scientific foundation.

Although this study has yielded meaningful results, certain limitations should be acknowledged. The
relatively small sample size may limit the generalizability and reliability of the findings. Additionally, data
collection methods and standardization processes require further optimization to enhance data accuracy and
consistency. Future research should prioritize expanding the sample size, refining data analysis techniques,
developing advanced infrared thermography equipment and algorithms, and exploring the applications of this
technology in other TCM syndromes. These efforts aim to further enhance the application value of infrared

thermography technology in TCM while promoting its modernization and internationalization.

5. Conclusion

This study demonstrates the significant application value of infrared thermography in the differentiation of
symptoms for the traditional Chinese medicine formula Chaihu Guizhi Ganjiang Decoction. Data analysis results
confirm that infrared thermography accurately captures the distribution of body surface temperatures, extracts
key features related to syndrome types, and significantly improves the accuracy of syndrome differentiation and
treatment (P < 0.05).

The application prospects of predictive models in clinical TCM practice are promising. Logistic regression,
random forest, and neural network models achieved high-precision predictions of treatment outcomes, with
accuracies of 85%, 90%, and 92%, respectively. These findings provide a robust scientific basis for developing
personalized treatment plans.

The integration of infrared thermography technology and predictive models fosters the modernization and
precision of TCM diagnosis and treatment. Furthermore, this combination introduces innovative methods and tools
for clinical research, offering significant contributions to the scientific understanding of TCM practices. These
advancements underscore the broad potential for predictive models in improving syndrome differentiation and

treatment in TCM, as well as in promoting its global acceptance and application """,
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Abstract: Breast cancer is the most common malignant tumor among women worldwide, with its incidence and mortality
ranking first among all cancers. Early diagnosis and treatment significantly improve prognosis and reduce disease-related
mortality. Chest computed tomography (CT), a routine examination for physical assessments and hospitalized patients, can
screen for the presence of breast nodules and provide an initial assessment of malignancy risk. In recent years, artificial
intelligence (Al) has advanced rapidly in the medical field. Studies have demonstrated that the sensitivity and accuracy of
chest CT in diagnosing breast cancer are enhanced through the application of Al methods. This article explores the research

progress in breast cancer diagnosis utilizing artificial intelligence based on chest CT examinations.
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1. Introduction

Breast cancer is the most prevalent malignancy in women. According to the American Cancer Society, nearly
300,000 new cases of invasive breast cancer and more than 50,000 diagnoses of ductal carcinoma in situ are
expected in 2023, with over 43,000 deaths attributed to breast cancer in the United States alone. While most breast
cancers are detected through mammograms or ultrasounds, they can also be identified incidentally during other
diagnostic tests. Chest computed tomography (CT) examinations, which routinely include the breast area, can
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detect incidental breast lesions in up to 7% of scans, with 24% to 48% of these lesions ultimately diagnosed as
breast cancer .

Early diagnosis and treatment are widely acknowledged as critical for improving the prognosis of breast
cancer patients . Therefore, the potential for incidental breast cancer detection during chest CT examinations
should not be overlooked . With ongoing advancements, artificial intelligence is increasingly being applied to
various aspects of medical diagnosis and treatment, reflecting both societal progress and technological innovation.
This paper reviews the efficacy of chest CT in breast cancer diagnosis as evaluated in previous studies and

examines the research progress of artificial intelligence in enhancing chest CT-based breast cancer diagnosis.

2. The value of chest CT in breast cancer diagnosis

Over the past decade, the demand for chest CT scans has grown exponentially, covering a wide range of
indications. Chest CT scans include all or part of the breast, making them a potential modality for detecting new
breast lesions. However, breast lesions incidentally identified on CT scans are often overlooked, inadequately
described, or occasionally misdiagnosed. Critical features for accurate assessment of breast lesions on CT include
margins, morphology, enhancement patterns, density, and associated findings. Notably, edge spiculation, irregular
morphology, and enhancement patterns are highly predictive of malignant tumors. Additional findings may include
skin thickening, lymphadenopathy, structural deformation, or invasion of the chest wall or skin .

Chest CT scans present an opportunity for breast cancer detection, particularly as screening mammography
rates decline *' while chest CT usage increases '°”. For example, the availability of low-dose chest CT for
lung cancer screening has risen. Consequently, some women may undergo chest CT scans without receiving
mammograms or other breast screening tests. In such cases, chest CT may be the sole imaging modality that
includes the breast, offering radiologists a crucial chance to identify cancers incidentally detected through
“screening.” This trend is particularly relevant given recent guidelines from the American Cancer Society
(ACS) ™ and the United States Preventive Services Task Force (USPSTF) P’ The ACS recommends annual
mammograms for women aged 45 to 54 and biennial mammograms for women aged 55 and older. Similarly, the
USPSTF guidelines suggest initiating mammograms at age 50, followed by biennial screening for women aged
50 to 74. These recommendations diverge from the American College of Radiology guidelines, which advocate
annual mammograms starting at age 40. Consequently, women in their 40s or older women in years without
mammograms may rely on chest CT scans for incidental breast cancer detection.

Chest CT scans offer promising potential for evaluating breast parenchyma without additional radiation
exposure, patient time, or direct costs. Certain breast regions, such as the distal medial side, which may be
challenging to assess through mammography, can often be better visualized on CT.

Several studies have reported incidental breast cancer findings on chest CT scans. Swensen ef al. identified
three cases of breast cancer (1.4%) among 210 patients screened for lung cancer '”’. Monzawa et al. reported 10
breast cancers (0.34%) among 2,945 women """ while Poyraz et al. identified 12 cases (0.64%) among 1,872
women "*. Lin found 36 cases (0.26%) among 13,651 patients after excluding individuals with a history of breast
cancer "V, Parvaiz and Isgar analyzed a population of 21,127 patients undergoing chest CT and identified 40
cases (0.19%) with sporadic breast lesions, of which 20 were confirmed as cancer. Of these, only four cases were
operable 'Y, These findings underscore the potential of chest CT to detect unsuspected breast cancer.

Chest radiologists can evaluate and report CT BI-RADS density """ while interpreting chest CT images,
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including assessing breast parenchyma. Studies have demonstrated that the BARCS assessment, similar to the BI-
RADS assessment, identifies 82% of invasive breast cancers visible on mammograms. Although mammography
remains the gold standard for early breast cancer detection and is proven to reduce mortality """, declining
utilization and increasing reliance on chest CT highlight the responsibility of chest radiologists to evaluate breast
parenchyma when recent mammograms are unavailable.

Agliata et al. analyzed 42,864 chest CT scans performed between January 1, 2016, and April 30, 2022, on
patients with unrelated diagnoses '*.. Among these, 68 patients (3 men and 65 women) underwent CT detection
of breast nodules followed by mammography, breast ultrasonography, and biopsy. Histopathological confirmation
of malignancy was obtained in 35 cases. Pearson’s chi-squared test revealed that CT features significantly
associated with BI-RADS 5 after mammography included post-contrast enhancement (P = 0.001), irregular
margins (P = 0.0001), nipple retraction (P = 0.001), skin thickening (P = 0.024), and structurally atypical lymph
nodes suggestive of metastatic involvement (P = 0.0001). Predictors of positive biopsy results included post-
contrast enhancement (P = 0.0001), irregular margins (P = 0.0001), and suspicious lymph nodes (P = 0.011). The
incidence of incidental breast nodule detection on chest CT was 0.21%. Accurate descriptions of CT features, such
as post-contrast enhancement, irregular margins, nipple retraction, skin thickening, and atypical lymph nodes, can
significantly aid in establishing radiological suspicion of malignancy.

3. Radiomics

3.1. Overview of radiomics

The concept of radiomics was first proposed by Dutch scholar Lambin in 2012. It refers to the high-throughput
extraction of numerous quantitative image features from medical images, such as X-rays, CT scans, and MRI,
and the application of data mining methods for the diagnosis and prediction of tumor diseases ''”. Radiomics
technology evolved from computer-aided detection/diagnosis (CAD) technology, mining vast quantities of
quantitative imaging features to characterize tumor heterogeneity and support clinical decision-making . In the
analysis of breast tumor images, radiomics methods have been widely utilized. Generally, the radiomics workflow

includes data screening, medical imaging, feature extraction, exploratory analysis, and model construction ',

3.2. Research progress of radiomics in the diagnosis of breast cancer

Radiomics involves transforming medical images into high-dimensional, mineable data ****'. In oncology, tumors
are segmented, and hundreds or thousands of quantitative imaging features are extracted, including tumor shape,
texture, and dynamics. These features encode simple patterns visible in medical images and complex higher-order
patterns that are imperceptible to the human eye. This collection of features is collectively referred to as “radiomics
features.” Statistical or machine learning classifiers are then applied to these radiomics signals to categorize
patients based on predictions, such as distinguishing benign from malignant breast nodules. In supervised machine
learning, paired data of “radiomics features” and patient outcomes are used to train the model to identify patterns,
enabling the prediction of outcomes for new inputs ', Machine learning methods used for this purpose include
logistic regression, random forests/decision trees, and support vector machines (SVMs).

Several studies have evaluated the potential of machine learning in chest CT for breast cancer diagnosis.
Feng et al. ** retrospectively analyzed 300 randomly selected patients, comprising 100 patients with triple-
negative breast cancer (TNBC) and 200 patients without TNBC (NTNBC). The cohort included 180 patients in
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the training group and 120 in the validation group. Molecular subtypes of breast cancer were determined using
immunohistochemical methods. Radiomics features were extracted from 3D CT images, and the least absolute
shrinkage and selection operator (LASSO) logistic regression method was used to select image features and
calculate radiomics scores. Receiver operating characteristic (ROC) curve analysis was employed to assess the
diagnostic value of the radiomics score for TNBC. Five image features were significantly associated with TNBC
subtypes (P < 0.001). Radiomics features based on imaging demonstrated strong predictive value for TNBC,
with the area under the ROC curve (AUC) of the discovery group and validation group being 0.881 (95% CI:
0.781-0.921) and 0.851 (95% CI: 0.761-0.961), respectively. Sensitivity and specificity were 0.767 and 0.873
for the discovery group and 0.785 and 0.915 for the validation group, respectively. These findings indicate that
radiomics features derived from preoperative CT can differentiate TNBC from NTNBC, offering additional value
to conventional chest contrast-enhanced CT and assisting in clinical treatment planning.

In another study, Liu ez al. * retrospectively collected data from 112 patients with pathologically confirmed
breast cancer. The patients were randomly divided into a training set (75 cases) and a test set (37 cases). Radiomics
features were extracted from breast CT images using the LASSO algorithm. A multivariate logistic regression
model was constructed by combining the selected radiomics features with relevant clinical risk factors, and the
model was validated. A corresponding nomogram was developed, and a calibration curve was used to evaluate
model performance. The model constructed with the training set achieved a C-index value of 0.727 (95% CI:
0.719-0.736), while the test set yielded a C-index value of 0.711 (95% CI: 0.703—0.718). The mean square error
of the prediction model, calculated from predicted and actual probabilities of axillary lymph node metastasis, was
0.072. These results suggest that the prediction model based on radiomics features extracted from preoperative CT

images effectively predicts the status of axillary lymph node metastasis in breast cancer patients.

4. Deep learning

4.1. Overview of deep learning

Unlike traditional radiomics methods, deep learning constructs end-to-end models using multi-layer neural
networks to achieve the detection, diagnosis, and prediction of breast tumors (el Currently, convolutional neural
networks (CNNs) are the most commonly employed deep learning models in breast cancer research. A CNN
model typically consists of input layers, convolutional layers, activation functions, pooling layers, and fully
connected layers. Classical models, such as AlexNet, VGG, and GoogleNet, have been applied to the detection and
diagnosis of breast tumors 7,

In comparison to traditional radiomics models, deep learning models do not require predefined features.
Instead, they can autonomously extract valuable deep image information from breast tumor images through
iterative training, resulting in higher predictive performance. However, as data-driven algorithms, high-
performance deep learning models often require extensive datasets, typically comprising tens of thousands of
samples. The limited availability of large, multi-center datasets hinders the clinical translation and application of
these models in current studies. Additionally, the “black box” nature of deep learning models presents challenges
in terms of interpretability. Exploring methods to enhance the interpretability of deep learning models for breast

tumor images remains a critical area of research.
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4.2. Research progress of deep learning in the diagnosis of breast cancer

Advances in computer technology and the widespread application of big data have driven the rapid development
of deep learning, particularly convolutional neural networks **!. In recent years, deep learning technology has been
widely implemented in medical imaging *”. Its application has shown the potential to enhance the sensitivity of
chest CT in diagnosing early breast cancer, as evidenced by several studies.

A retrospective study conducted by Koh et al. "’

collected 1,170 preoperative chest CT scans following
breast cancer diagnoses for algorithm development (n = 1,070), internal testing (nz = 100), and external testing (»
=100). A deep learning algorithm based on RetinaNet was developed and tested for breast cancer detection using
chest CT. On an in-house test set, the algorithm detected 96.5% of breast cancers with 13.5 false positives (FPs)
per case. On the external test set, it detected 96.1% of breast cancers with 15.6 FPs per case. When a candidate
probability of 0.3 was used as the cut-off value, the sensitivity of the internal test set was 92.0% with 7.36 FPs per
case, and the sensitivity of the external test set was 93.0% with 8.85 FPs per case. When the candidate probability
was increased to 0.4, the sensitivity of the internal test set was 88.5% with 5.24 FPs per case, and the sensitivity of
the external test set was 90.7% with 6.3 FPs per case. These findings indicate that the deep learning algorithm can
effectively and sensitively detect breast cancer on chest CT in both internal and external test sets.

Another study by Yang et al. P retrospectively collected data from 348 breast cancer patients with
pathologically confirmed sentinel lymph node (SLN) metastases. All patients underwent enhanced CT
examinations before surgery, and the CT images were segmented and analyzed to extract deep features. After
feature selection, key features were used to construct deep learning signatures. The discrimination, calibration,
and clinical utility of these signatures were evaluated in a main cohort (184 patients from January 2016 to March
2017) and validated in an independent cohort (164 patients from April 2017 to December 2018). Ten deep-learning
features were selected from the main cohort to establish a deep-learning signature for SLN metastasis. The AUC
was 0.801 (95% confidence interval: 0.736-0.867) for the main cohort and 0.817 (95% confidence interval:
0.751-0.884) for the validation cohort.

To further distinguish the number of metastatic SLNs (1-2 or more than 2), an additional deep-learning
signature was developed, demonstrating moderate performance (AUC = 0.770). These findings suggest that the
developed deep-learning model can be used to predict SLN metastasis status and the number of metastatic SLNs
preoperatively in breast cancer patients. Deep learning models offer a non-invasive approach to assist clinicians in

predicting SLN metastasis in breast cancer patients.

5. Conclusion

Radiomics and deep learning are two of the most widely applied technologies in the medical imaging field.
Existing research on artificial intelligence applications in chest CT examinations primarily focuses on enhanced
CT and multi-function CT, with limited studies investigating the direct application of non-enhanced chest CT.

Based on chest CT examinations, radiomics and deep learning have achieved advancements in several areas,
including breast cancer diagnosis, axillary lymph node metastasis prediction, molecular subtype classification, and
the evaluation of treatment efficacy following neoadjuvant chemotherapy. Among these, research on predicting
axillary lymph node metastasis and evaluating treatment efficacy after neoadjuvant chemotherapy has garnered
significant attention due to its substantial clinical relevance.

In breast cancer diagnosis using chest CT, both radiomics and deep learning have shown promise. However,
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research in radiomics is more extensive and mature compared to that in deep learning. Nonetheless, deep learning

remains in a stage of significant potential within this field, offering vast opportunities for further exploration and

development.
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Abstract: Lung cancer is among the most prevalent cancers and has the highest mortality rate globally. The diagnosis,
pathohistological classification, and molecular testing of lung cancer primarily rely on tissue biopsy or surgical resection.
These methods are invasive and associated with limitations, including sample quantity and quality, as well as patient
tolerance. Radiomics, an emerging technology, enables the extraction of high-throughput quantitative information from
medical images, providing radiomic features applicable to clinical diagnosis and treatment. Significant advancements have
been made in the application of radiomics to the diagnosis, molecular detection, efficacy prediction, and prognosis of lung
cancer. This review examines the progress in radiomics for individualized and precise diagnosis and treatment of lung
cancer in recent years.
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1. Introduction

Lung cancer is one of the most common cancers globally and accounts for the highest mortality among all
malignancies ™ In 2020, an estimated 2.2 million new cases were reported, resulting in 1.8 million deaths, which
represented 21% of all cancer-related fatalities . Non-small cell lung cancer (NSCLC) accounts for 80-85% of
cases "', while small cell lung cancer (SCLC) comprises 10-15% . Due to the non-specific nature of lung cancer
symptoms, more than 70% of patients present with advanced disease (IASLC stage III or IV) at diagnosis .
According to the American Association for Cancer Research (AACR), as of July 2021, the five-year survival rate
for lung cancer was 21.7% .

Early-stage lung cancer treatments include surgical resection, stereotactic body radiation therapy (SBRT),

and percutaneous ablation. Conversely, the primary treatment options for advanced unresectable NSCLC are
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radiotherapy, chemotherapy, targeted therapy, and immunotherapy. Current diagnostic methods for lung cancer,
including pathological and radiomic characterization and the detection of driver genes and immune receptors
(e.g., programmed cell death ligand 1 [PD-L1]), are largely dependent on histological sampling via percutaneous
transthoracic needle biopsy (PTNB), bronchoscopic biopsy, or surgical resection . However, these techniques
are constrained by the localized nature of tissue sampling, which may not adequately represent the tumor’s
heterogeneity "*'. Moreover, as the expression of driver genes and immune receptors can change over time,
repeated biopsies may be required. Tissue biopsy procedures are further influenced by patient tolerance, the risk of
complications, and the quantity and quality of the obtained samples.

Medical imaging has become an indispensable tool in modern medicine due to its convenience, speed, and
reproducibility. Radiomics, a relatively mature medical image informatics technology, employs artificial intelligence
to extract high-throughput quantitative data from imaging modalities such as computed tomography (CT), magnetic
resonance imaging (MRI), and positron emission tomography-computed tomography (PET/CT) ©. This technology
enables the mining of imaging features related to tumor heterogeneity, aiming to develop an individualized and
interpretable analytical tool suitable for clinical use """\ Tt is hypothesized that various medical imaging modalities
can provide quantitative data correlating with tumor pathophysiology, gene and protein expression, and treatment
outcomes, including the efficacy and prognosis of radiotherapy and other therapies "',

A growing body of research in radiomics focuses on predicting tumor histology, driver mutations, treatment
response, recurrence, and prognosis. These studies contribute to the advancement of precise and personalized
diagnosis and treatment. This review highlights recent progress in radiomics, particularly its applications in the
individualized and precise diagnosis and management of lung cancer.

2. Radiomics in lung cancer diagnosis

In contemporary clinical practice, the diagnosis of lung cancer remains reliant on puncture biopsy. While
puncture biopsy is considered the gold standard for tumor diagnosis, it is an invasive procedure that may yield
tissue samples that are not representative of the tumor’s overall characteristics *. Additionally, the procedure
is associated with potential risks of complications. Therefore, it is imperative to develop new, highly precise
methods for accurately diagnosing tumors and determining the degree of tumor differentiation (DTD), lymph node
metastasis (LNM), and pathological types ">\

Numerous studies have demonstrated the significant clinical value of radiomics in addressing these diagnostic

. " and Dennie et al. '

challenges. Hendrix et a , in their respective studies, extracted texture features from
CT images of malignant and benign pulmonary nodules and utilized them to develop high-sensitivity and high-
specificity image-based modeling techniques. Their findings validated the effectiveness of such models in
classifying pulmonary nodules.

Fan et al. " conducted a retrospective analysis aimed at predicting the pathological subtypes of lung
nodules in 160 patients with lung adenocarcinoma using radiomics. The study concluded that radiomic features
could differentiate between invasive adenocarcinomas and non-invasive lesions, demonstrating a high predictive
capability for invasive adenocarcinomas. Similarly, Wang ez al. " constructed a predictive model using three
algorithms: Random Forest, Support Vector Machine, and Logistic Regression. The objective was to predict
mediastinal lymph node metastasis in patients with NSCLC. The CT radiomic model developed using the Random

Forest algorithm exhibited a high degree of accuracy, with an area under the curve (AUC) value of 0.909.
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In another study, Zhu ez al. """’ collected CT images from 129 lung cancer patients and developed a radiomics
model to distinguish between lung adenocarcinoma (ADC) and lung squamous cell carcinoma (SCC). The AUCs
for the training and validation sets were 0.905 and 0.893, respectively, with sensitivities of 83.00% and 82.80%
and specificities of 92.90% and 90.00%. These results demonstrate that radiomics is a highly effective method for
identifying the pathological types of lung cancer.

In conclusion, substantial evidence from multiple studies indicates that radiomics is an effective approach
for predicting the degree of tumor differentiation, lymph node metastasis, and pathological types in lung cancer

patients.

3. Radiomics in the detection of EGFR-mutated genes

Targeted therapy has become a pivotal component in the management of patients with NSCLC. Given that the
Epidermal Growth Factor Receptor (EGFR) is a frequently utilized target gene in NSCLC, determining the
mutation status and subtype of EGFR is crucial for the effective implementation of targeted therapy. Molecular
testing remains the primary method for identifying EGFR mutation status. However, this approach has limitations
due to the temporal and spatial heterogeneity of tumors, rendering it unsuitable for certain patients "*.

Radiomics has made significant progress in predicting EGFR mutations. In a study by Mei et al. ", the
CT imaging features of 296 NSCLC patients were analyzed and combined with clinical features to construct a
predictive model. This model achieved AUC values of 0.655 for the EGFR exon 19 deletion mutation, 0.675 for
the EGFR exon 21 L858R mutation, and 0.664 for the overall mutation status. These findings suggest that imaging
characteristics may play a critical role in predicting EGFR status and indicate the potential of radiomic features as
biomarkers for identifying EGFR mutation status and subtypes.

Cheng et al. * developed a gradient-enhanced decision tree model based on the ground-glass appearance of
CT images in early-stage lung adenocarcinoma. The model identified EGFR mutation status with an AUC value of
0.822. This model was validated in patients with lung adenocarcinoma undergoing targeted therapy, demonstrating
a significant improvement in the remission rate of £GFR-mutated patients, increasing from 25.9% to 53.8%.

In another study, Clay et al. " incorporated CT images of lung tissue with a 10-mm peri-tumor circumference
into their analysis. The predictive model developed in this study achieved an AUC value of 0.72 for identifying
EGFR mutation status.

In conclusion, substantial evidence demonstrates that CT-based radiomics has excellent predictive efficacy
in determining the EGFR mutation status of NSCLC patients, thereby offering significant potential for enhancing
targeted therapy strategies.

4. Radiomics in the assessment of lung cancer treatment efficacy

The current clinical treatments for lung cancer include chemotherapy, radiotherapy, targeted therapy,
immunotherapy, and other modalities. However, the prognosis of individual patients may vary significantly
depending on the treatment regimen employed. Moreover, there is a lack of reliable methods for accurately
predicting and assessing treatment response °*. In recent years, the use of imaging techniques, such as CT, PET/
CT, and others, to predict the efficacy of lung cancer treatments has garnered increasing attention. The ability to

predict therapeutic efficacy and prognostic outcomes using these techniques could substantially enhance their
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clinical applications.

In a study by Yang et al. !

, a predictive model was developed using radiomic features extracted from pre-
treatment chest CT images. This model successfully predicted the response of NSCLC to first-line chemotherapy,
targeted therapy, or a combination of both, achieving an AUC of 0.746 (95% confidence interval [CI], 0.646—
0.846). Zhang et al. ™" conducted a retrospective study of 122 NSCLC patients with EGFR mutation-positive
status to investigate the efficacy of combining CT radiomics with cytokeratin 19 fragment levels in predicting the
outcomes of epidermal growth factor receptor tyrosine kinase inhibitors (EGFR-TKIs) therapy. The AUCs for the
clinical model, the radiomics model, and the combined model in the training set were 0.686, 0.800, and 0.836,
respectively; the AUCs in the validation set were 0.666, 0.774, and 0.837, respectively.

Regarding immunotherapy, the prediction of treatment response is currently based on the expression of
biomarkers within the tumor immune microenvironment, such as PD-L1. Tian ez al. *' analyzed CT images from
143 NSCLC patients and constructed a CT radiomic nomogram by integrating clinical factors with radiomic
features. This model demonstrated high efficacy in assessing PD-1 expression in NSCLC patients, with an AUC of
0.92.

To predict the efficacy of stereotactic body radiation therapy (SBRT) for NSCLC, Wang et al. ** developed
and validated a nomogram based on radiomic features extracted from pre-treatment CT images. The model
exhibited high predictive performance, with an AUC value of 0.808 for the training set and 0.741 for the validation
set.

The evidence from these studies demonstrates that radiomic features can effectively forecast treatment response
in patients with NSCLC. This capability can assist clinicians in modifying, intensifying, or altering treatment plans
at the earliest opportunity, thereby improving patient outcomes.

5. Radiomics in lung cancer regression

In the context of lung cancer regression, radiomics-based studies have proven to facilitate more precise survival
predictions for lung cancer patients and support clinicians in selecting personalized treatment strategies. Several
studies have demonstrated the efficacy of intra-tumor radiomic features in predicting overall survival (OS), tumor
recurrence prognosis, and time to progression in lung cancer patients.

Sawayanagi et al. "' developed a predictive model using clinical features derived from pre-treatment CT
scans and radiomic features of the primary tumor. The predicted OS time (mean: 37.8 months) was found to
closely align with the observed OS time (33.7 months), demonstrating the model’s accuracy. Niu ez al. ** proposed
a multi-omics model incorporating CT images, dosimetric features, and clinical characteristics of lung cancer
patients. This model significantly enhanced the precision of radiation pneumonitis (RP) prediction, achieving
AUC values 0f 0.94 and 0.92 in the test and validation sets, respectively. The study also revealed that patients with
RP exhibited a longer OS compared to those without RP, particularly those with mild RP. The median OS was 31
months in the non-RP group and 49 months in the RP group (hazard ratio [HR] = 0.53, P = 0.0022). Among RP
subgroups, the median OS was 57 months for patients with mild RP and 25 months for those with severe RP (HR
=3.72, P <0.0001).

Huang et al. " utilized machine learning to analyze pre-treatment FDG-PET and lung cancer CT scans. Their
integrated PET+CT model demonstrated high predictive accuracy for disease progression in NSCLC patients,

/ [30]

achieving an accuracy of 0.790 and an AUC of 0.876. Zheng et a conducted a multicenter trial to predict
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progression-free survival (PFS) using CT scan results for SCLC. The study also evaluated the incremental value
of radiomic features alongside clinical risk factors for individual PFS estimation. Results indicated that radiomic
features were significantly associated with PFS (HR = 4.531, 95% CI: 3.524-5.825, P < 0.001). Additionally,
the radiomic nomogram demonstrated superior predictive performance for PFS (C-index 0.799) compared to the
clinical nomogram (C-index 0.629).

Collectively, these studies underscore the efficacy of radiomics in predicting survival outcomes for patients
with various forms of lung cancer. This approach holds significant promise for guiding the development of

personalized treatment strategies, ultimately improving patient care and prognosis.

6. Limitations and future prospects

In the diagnosis and treatment of tumors, achieving accurate diagnosis and staging, administering standardized
and individualized treatments, and predicting treatment response, recurrence, and prognosis are of paramount
importance. Radiomics, an emerging medical imaging technology, enables the generation of descriptive data,
the development of predictive models, and the correlation of quantitative imaging features with phenotypic or
gene-protein characteristics. It contributes significantly to the detection, diagnosis, staging, treatment response
prediction, and prognosis assessment of lung cancer, thereby playing an increasingly vital role in clinical decision-
making.

However, several limitations persist in current radiomics research:

(1) Study design: Most studies in the field involve relatively small sample sizes and are retrospective, single-
center investigations. These studies often lack external validation datasets and incorporate a limited range
of clinical factors and radiomic features.

(2) Equipment dependence: High-quality, standardized imaging data are crucial for radiomics. Variations in
imaging equipment and techniques across different institutions can affect the reliability and reproducibility
of radiomic features, leading to inconsistent results.

(3) Standardization challenges: The radiomics process currently lacks standardized databases, research
protocols, image reconstruction algorithms, pre-processing methods, and feature extraction algorithms.
Additionally, the stability and reproducibility of studies require significant improvement to enable
widespread clinical application.

(4) Resource requirements: The implementation of radiomics and artificial intelligence (Al) demands
substantial investment in technology, expertise, and training. These requirements may pose challenges,
particularly for smaller healthcare institutions or those with limited resources.

Addressing these challenges and limitations is critical to fully realizing the potential of radiomics in

optimizing lung cancer diagnosis and treatment. Overcoming these obstacles is essential to advancing personalized

medicine and enhancing clinical outcomes in lung cancer management.
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Abstract: Oral squamous cell carcinoma (OSCC) is the most common malignant tumor in the oral and maxillofacial region,
primarily affecting the tongue, gingiva, oral cavity, buccal mucosa, and floor of the mouth. It exhibits high rates of recurrence and
metastasis, contributing to a poor prognosis for patients. Identifying molecular markers associated with OSCC holds significant
value for advancing its diagnosis, treatment, and prognosis. Exosome Component 3 (EXOSC3) is a protein-coding gene involved
in the auto-degradation of E3 ubiquitin ligase COP 1 and rRNA processing in the nucleus and cytoplasmic sol. This gene plays
a crucial role in diseases such as colon cancer and non-small cell lung cancer. Bioinformatics analysis revealed that EXOSC3
expression is significantly elevated in OSCC and is associated with poor patient prognosis. Gene Ontology (GO) and Kyoto
Encyclopedia of Genes and Genomes (KEGG) enrichment analyses indicate that EXOSC3 is strongly linked to the cytokine-
cytokine receptor interaction, Toll-like receptor signaling pathway, and JAK-STAT signaling pathway. Moreover, immune
infiltration analysis demonstrated a significant association between EXOSC3 expression and immune cell subset infiltration, as
well as immune checkpoint expression, underscoring its importance in OSCC. However, further research is required to elucidate
the specific role of EXOSC3 in OSCC diagnosis and treatment. A comprehensive investigation into the mechanisms of EXOSC3

in OSCC may reveal new potential targets for improving the diagnosis and treatment of this malignancy.
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1. Introduction

Oral squamous cell carcinoma (OSCC) is a malignant tumor originating from the epithelium of the oral mucosa,
accounting for over 90% of all oral cancers . Various factors, including smoking, alcohol consumption, viral
infections, environmental influences, and genetic predispositions, are associated with OSCC development . The
unique anatomical characteristics of the oral and maxillofacial region, characterized by abundant blood supply
and lymphatic networks, render it susceptible to lymph node metastasis, a key factor influencing prognosis.

Additionally, the complex structural nature of the maxillofacial region causes significant damage to aesthetics and
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functional abilities, such as speech, thereby severely impacting the quality of life of affected individuals !. Despite
advancements in treatment modalities, including radiotherapy, chemotherapy, surgery, and immunotherapy, the
prognosis for patients in advanced stages remains suboptimal . Thus, exploring novel diagnostic and therapeutic
targets is essential for addressing the underlying mechanisms of OSCC development.

Exosome Component 3 (EXOSC3) is a protein-coding gene implicated in the auto-degradation of E3 ubiquitin
ligase COP 1 and rRNA processing within the nucleus and cytoplasmic sol. Clinically, EXOSC3 is associated with
diseases such as cerebellar ataxia type 1B and non-syndromic cerebellar ataxia, as well as the development of
various tumors. For instance, MYD88 regulates EXOSC3 to influence colon cancer progression . In non-small
cell lung cancer, functional variants of EXOSC3 are associated with patient prognosis and survival . However,
studies investigating the role of EXOSC3 in OSCC remain limited. Therefore, a detailed exploration of its function
in OSCC may provide new insights into potential therapeutic targets.

This study utilizes bioinformatics analysis of transcriptome data from The Cancer Genome Atlas (TCGA) database
to examine differences in EXOSC3 expression between OSCC and adjacent tissues. The impact of these expression
differences on OSCC patient prognosis is assessed through survival curve analysis. Co-expression analyses within
the TCGA-OSCC cohort are conducted to identify potential functional networks involving EXOSC3. Additionally,
Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) analyses are employed to explore the
pathways through which EXOSC3 may influence OSCC progression. Immune infiltration and drug sensitivity analyses
further evaluate the potential impact of EXOSC3 on immunotherapy and chemotherapy responses.

2. Materials and methods

2.1. Sample data and clinical information download
Transcriptome data and clinical information for OSCC patients were downloaded from TCGA, comprising data

from 346 tumor tissues and 32 normal tissues .

2.2. ROC analysis

To evaluate the diagnostic performance of EXOSC3 in the TCGA-OSCC cohort, the “pROC” R package was used
to analyze the expression levels and clinical information of OSCC cases. The sensitivity of EXOSC3 in OSCC
was assessed, and the area under the curve (AUC) was calculated.

2.3. Survival analysis

The impact of EXOSC3 expression levels on OSCC patient prognosis was investigated by excluding cases with
missing clinical information. Patients were categorized into high- and low-expression groups based on EXOSC3
expression levels. Survival analysis and visualization were performed using the “survival” R package.

2.4. Co-expression analysis

To identify co-expressed genes associated with EXOSC3 in the TCGA-OSCC cohort, correlation analysis
was conducted using the “limma” R package. Pearson’s correlation test was employed to calculate correlation
coefficients, with a significance threshold of 2 <0.001. The results were visualized using scatter plots.

2.5. Differential expression analysis
To identify differentially expressed genes (DEGs) associated with EXOSC3, OSCC patients were divided into
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high- and low-expression groups based on the median expression level of EXOSC3. Differential analysis was
performed using the “limma” R package, with selection criteria of |logFC| > 1 and P < 0.05. The top 50 DEGs

were visualized using a heatmap .

2.6. Functional enrichment analysis
The potential roles of EXOSC3 in OSCC were explored through GO and KEGG enrichment analyses of DEGs

associated with EXOSC3. The analyses were conducted using the “clusterProfiler” R package, with a significance
threshold of P < 0.05. The results were visualized using the “ggplot2” R package .

2.7. Immune infiltration analysis

The impact of EXOSC3 on immune cell subsets in OSCC was assessed using the CIBERSORT algorithm to calculate
immune cell scores and evaluate immune infiltration. Spearman correlation analysis was employed, with a significance
threshold of P < 0.05, to determine the relationship between EXOSC3 expression and immune cell subsets (o

2.8. Immune checkpoint analysis

To investigate the role of EXOSC3 in immunotherapy, Pearson correlation analysis was conducted on 47 immune
checkpoint genes, with a significance threshold of P < 0.001.

2.9. Drug sensitivity analysis

The effect of EXOSC3 on chemotherapy drug sensitivity in the TCGA-OSCC cohort was evaluated using the
“pRRophetic” R package to analyze the ICs, values of chemotherapy drugs for each sample. Patients were divided
into high- and low-expression groups based on the median £EXOSC3 expression level, and differences in 1Cs,
values were analyzed using the Wilcoxon test. The results were visualized using the “limma” R package.

2.10. Statistical analysis

All statistical analyses were conducted using R (v4.3.2, R Foundation for Statistical Computing). A P-value of <
0.05 was considered statistically significant.

3. Results

3.1. Abnormal expression of EXOSC3 in OSCC and its association with poor prognosis

Transcriptome data and relevant clinical information from the TCGA-OSCC cohort were analyzed. Using the
“limma” R package, it was found that EXOSC3 expression was significantly elevated in OSCC tissues compared
to normal tissues (Figure 1A). To confirm this finding, only cases with paired data were analyzed, revealing
consistent results; EXOSC3 expression was significantly higher in paired OSCC tissues compared to paired normal
tissues (Figure 1B).

To further explore the role of EXOSC3 in OSCC, an ROC curve was plotted for the TCGA-OSCC cohort.
The area under the curve (AUC) was 0.870, with a 95% confidence interval of 0.816—0.922, indicating that
EXOSC3 exhibits good diagnostic efficacy for OSCC (Figure 1C). Kaplan-Meier survival analysis revealed that
patients with high EXOSC3 expression had significantly poorer overall survival (Figure 1D). Additionally, higher
EXOSC3 expression levels were positively associated with more advanced tumor stages, including the T stage.
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3.2. Gene co-expression analysis of EXOSC3 in OSCC

Given the observed association between elevated EXOSC3 expression and poor prognosis in OSCC, gene co-
expression analysis was performed using the “limma” R package. Six genes were identified as strongly correlated
with EXOSC3: APTX, CLTA, RPS6, MELK, DNAJAI, and STOML? (Figures 2A-F).

3.3. Functional analysis of EXOSC3 in OSCC

To investigate the functional roles of EXOSC3 in OSCC, samples were categorized into high and low expression
groups based on the median EXOSC3 expression level. Differential expression analysis using the “limma” R package
identified DEGs associated with EXOSC3. The top 50 DEGs were visualized using a heatmap (Figure 3A).

GO enrichment analysis revealed that EXOSC3 was involved in various cellular biological processes,
including the humoral immune response, activation of natural killer cells in immune responses, negative regulation
of activated T cell proliferation, and natural killer cell activation (Figures 3B and C). KEGG enrichment analysis
identified its association with key pathways such as cytokine-cytokine receptor interaction, natural killer cell-
mediated cytotoxicity, the Toll-like receptor signaling pathway, and the JAK-STAT signaling pathway. These
pathways are implicated in tumorigenesis and progression (Figures 3D and E). These findings suggest that
EXOSC3 may play a pivotal role in OSCC.

3.4. Association of EXOSC3 with the immune microenvironment in OSCC

Enrichment analysis indicated that EXOSCS3 is closely linked to immune cell activity, particularly involving natural
killer cells and T cells. To further explore this relationship, the association between EXOSC3 and the immune
microenvironment in OSCC was assessed. Significant differences in stromal scores were observed between high
and low EXOSC3 expression groups, suggesting that EXOSC3 expression levels may influence stromal cell
content in the tumor microenvironment (Figure 4A).

Immune cell infiltration was analyzed using the CIBERSORT algorithm. Significant differences were
observed in immune cell subsets, including T cells CD8, T cells CD4 memory activated, T cells follicular helper,
macrophages MO, and macrophages M1, between high and low EXOSC3 expression groups (Figure 4B).
Spearman correlation analysis further revealed significant correlations of EXOSC3 with macrophages M1, T cells
CD8, T cells CD4 memory activated, T cells follicular helper, monocytes, and macrophages MO (Figures 4C-F).

3.5. Impact of EXOSC3 expression on tumor-related treatments

The role of EXOSC3 in immunotherapy was evaluated by examining its correlation with 47 immune checkpoint
genes. Positive correlations were identified with CD40, TNFRSF25, CD70, LAG3, PDCDI1, IDOI1, HAVCR?2,
CD274, PDCDILG2, and CTLA4, highlighting the potential role of EXOSC3 in immune regulation and
immunotherapy (Figures SA and B).

To assess its impact on chemotherapy sensitivity, data from the Cancer Genome Project (CGP) database
were analyzed. A significant correlation was found between EXOSC3 expression levels and sensitivity to various
chemotherapy drugs, including 5-Fluorouracil, AKT inhibitor VIII, Bexarotene, and Bleomycin (Figures SC-F).
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Figure 1. High expression of EXOSC3 in OSCC is associated with poor prognosis. (A) In the TCGA-OSCC cohort, EXOSC3
expression was significantly higher in OSCC tissues compared to adjacent normal tissues (***P < 0.001). (B) Paired analysis
of adjacent normal tissues and OSCC tissues also demonstrated significantly increased EXOSC3 expression in OSCC (¥**P <
0.001). (C) Receiver operating characteristic curve for EXOSC3 in the TCGA-OSCC cohort, indicating its diagnostic efficacy.
(D) Kaplan-Meier survival curve illustrating overall survival differences between high-expression and low-expression groups
of EXOSC3. (E) Correlation between T stage and EXOSC3 expression in patients from the TCGA-OSCC cohort.
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Figure 2. Gene co-expression of EXOSC3 in OSCC. (A-F) Identification of six genes co-expressed with EXOSC3 in the
TCGA-OSCC cohort.

56 Volume 9; Issue 1



A
5

E

Figure 3. Functional role of EXOSC3 in OSCC (A) Heatmap of differentially expressed genes a55001ated with EXOSC3 in
the TCGA-OSCC cohort. (B—C) Results of Gene Ontology enrichment analysis. (D-E) Results of Kyoto Encyclopedia of
Genes and Genomes enrichment analysis.
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Figure 4. The role of EXOSC3 in the immune microenvironment. (A) Assessment of £XOSC3 in the immune
microenvironment of OSCC. (B) Differences in various immune cell populations between high and low EXOSC3
expression groups in OSCC. (C—F) Correlations between EXOSC3 expression and specific immune cell populations.
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Figure 5. Correlation of EXOSC3 expression levels with immune checkpoints and chemotherapy drugs in OSCC. (A-B)
Analysis of correlations between EXOSC3 expression and immune checkpoint genes. (C) Association between EXOSC3
expression and sensitivity to 5-Fluorouracil. (D) Association between EXOSC3 expression and sensitivity to AKT inhibitor
VIIIL. (E) Association between EXOSC3 expression and sensitivity to Bexarotene. (F) Association between EXOSC3
expression and sensitivity to Bleomycin.

4. Discussion

OSCC is a prevalent type of squamous cell carcinoma in the head and neck region, predominantly originating from
the stratified squamous epithelium of the oral mucosa and accounting for up to 90% of oral cancers "". Commonly
affected areas include the tongue, buccal mucosa, gingiva, and floor of the mouth. Due to the unique anatomical
characteristics of the oral and maxillofacial region, including a rich blood supply and lymphatic drainage, OSCC
often presents with a poor prognosis ''*. Despite advances in radiotherapy, chemotherapy, surgery, immunotherapy,
and combination therapies, the 5-year survival rate for OSCC under conventional treatment models remains
suboptimal due to high recurrence and metastasis rates "' Consequently, there is an urgent need to identify novel
diagnostic and therapeutic targets to improve early detection and treatment outcomes.

EXOSC3 is a protein-coding gene encoding a non-catalytic component of human exosomes. This complex
exhibits 3°-5” exoribonuclease activity, playing a crucial role in RNA processing and degradation " Its primary
physiological functions include RNA binding and exoribonuclease activity. EXOSC3 is also implicated in diseases
such as spinocerebellar ataxia type 1B and non-syndromic spinocerebellar ataxia. In cancer development, EXOSC3
has been shown to play a significant role. Protein sequencing studies have linked EXOSC3 to pancreatic cancer,
and in gastric cancer, EXOSC3 significantly influences treatment outcomes based on risk scores "', Furthermore,
EXOSC3 is considered a potential molecular biomarker for lung cancer in Chinese populations . However,
limited research exists on the role of EXOSC3 in OSCC, necessitating further investigation into its potential
functions.
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Bioinformatics analysis of TCGA-OSCC cohort data revealed that EXOSC3 is significantly overexpressed
in OSCC tissues, a finding corroborated in paired OSCC samples. To determine whether this overexpression
influences diagnostic and prognostic outcomes, ROC analysis and Kaplan-Meier survival curve analysis were
conducted. The ROC curve demonstrated an AUC of 0.870, indicating high diagnostic efficacy in the TCGA-
OSCC cohort. Similarly, Kaplan-Meier survival analysis showed that patients with high EXOSC3 expression
exhibited poorer prognosis compared to those with low expression. Clinical data analysis further revealed
that increased EXOSC3 expression correlated with advanced T stage. These findings suggest that EXOSC3
overexpression is associated with poor prognosis and higher clinical stages in OSCC.

To explore the functional implications of EXOSC3, gene co-expression analysis was conducted using
TCGA-OSCC cohort data. Six genes—APTX, CLTA, RPS6, MELK, DNAJA1, and STOML2—were identified
as positively correlated with EXOSC3. These genes have established roles in tumor biology: APTX serves as a
prognostic marker for cancer post-kidney transplantation ", CLTA4 promotes hepatocellular carcinoma progression
via small extracellular vesicles "
Additionally, MELK regulates DLAT in mitochondrial mediation of liver cancer, DNAJAI activates the mutant
pS3/NF-xB pathway to promote breast cancer proliferation and metastasis, and STOML? facilitates colorectal

, and RPS6 contributes to drug resistance in gastric cancer through NRF2.

cancer progression via the MAPK signaling pathway and interaction with PHB. The co-expression of these tumor-
associated genes with EXOSC3 suggests that EXOSC3 may exert its oncogenic effects through these pathways.

To further elucidate the potential pathways involved, GO and KEGG enrichment analyses were performed.
GO enrichment analysis identified cellular immune activities associated with EXOSC3, including the humoral
immune response, natural killer cell activation in immune response, negative regulation of activated T cell
proliferation, and natural killer cell activation. KEGG enrichment analysis highlighted several key pathways, such
as cytokine-cytokine receptor interaction, natural killer cell-mediated cytotoxicity, Toll-like receptor signaling,

[19]

and JAK-STAT signaling. The Toll-like receptor signaling pathway has been implicated in OSCC pathogenesis " ",
while the JAK-STAT pathway has been shown to promote OSCC progression and invasion *.

The relationship between EXOSC3 and immune infiltration in OSCC was analyzed to verify its role in the
tumor immune microenvironment. Significant differences in stromal scores were observed between high and
low EXOSC3 expression groups, suggesting a potential impact of EXOSC3 on stromal cell content in the tumor
microenvironment. Immune cell infiltration analysis revealed associations between EXOSC3 and specific immune
cells, particularly T cells CD8 and T cells CD4 memory activated, which are known to influence tumorigenesis
and progression.

In terms of therapeutic implications, several immune checkpoint genes, including CD40, TNFRSF25, CD70,
LAG3, PDCDI, IDO1, HAVCR2, CD274, PDCDILG2, and CTLA4, were positively correlated with EXOSC3
expression. This suggests a potential role for EXOSC3 in immunotherapy efficacy for OSCC. However, further
experimental validation is necessary to determine whether EXOSC3 can serve as a biomarker for immunotherapy.
While surgery remains the primary treatment modality for OSCC, chemotherapy is an essential adjunct. In this
study, lower EXOSC3 expression levels were associated with higher sensitivity to chemotherapy agents such
as 5-Fluorouracil, AKT inhibitor VIII, Bexarotene, and Bleomycin. These findings may expand the range of

therapeutic options and guide the development of new treatment strategies.
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5. Conclusion

In summary, EXOSC3 is significantly overexpressed in OSCC tissues, and its elevated expression is closely

associated with poor patient prognosis and the advancement of clinical stages. EXOSC3 may exert its effects

through interactions with multiple co-expressed genes and critical biological pathways. Furthermore, its high

expression is linked to alterations in the tumor immune microenvironment and immune cell infiltration. These

findings highlight the potential of EXOSC3 as a promising target for novel therapeutic approaches, including

immune checkpoint therapy and chemotherapy.
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Abstract: Objective: This study investigates the preventive and therapeutic effects of medical radiation protection spray
(Bergmann) compared to triethanolamine cream in patients undergoing radiotherapy following breast cancer surgery.
Methods: Ninety patients with breast cancer who received postoperative radiotherapy between July 2018 and July 2021
were randomly divided into the Bergmann treatment (experimental) group and the triethanolamine cream treatment
(control) group, with 45 patients in each group. Radiodermatitis severity was assessed using the RTOG radiodermatitis
grading standards. Results: The radiation dose required to develop grade I radiodermatitis was significantly higher in the
experimental group compared to the control group, at (36.13 + 1.17 Gy) and (25.38 + 0.63 Gy), respectively. At a radiation
dose of 30 Gy, the proportion of grade I radiodermatitis cases in the experimental group was significantly lower than in
the control group (P = 0.002). At radiation doses of 40 Gy and 50 Gy, the proportion of grade II radiodermatitis cases in
the experimental group was also significantly lower than in the control group (P < 0.001). No cases of grade III or higher
radiodermatitis were observed in the experimental group, while three cases of grade III radiodermatitis occurred in the
control group, although the difference was not statistically significant. No patients in the experimental group discontinued
treatment due to radiodermatitis or mucosal reactions, whereas two patients in the control group interrupted treatment due
to these reactions but eventually completed therapy. Conclusion: Bergmann spray effectively prevents radiodermatitis in
patients undergoing radiotherapy after breast cancer surgery and is more effective than triethanolamine cream in treating
skin lesions. Its ease of use improves the quality of life for patients undergoing radiotherapy and ensures successful

treatment completion. Bergmann is suitable for clinical promotion and application.
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1. Introduction

Breast cancer is a malignant tumor originating in the glandular epithelial tissue of the breast. According to the 2018
GLOBOCAN global statistical report ', the incidence and mortality rates of lung cancer are the highest among all
tumors. While the incidence of breast cancer is comparable to that of lung cancer, its prognosis is generally more
favorable. However, most patients require radiotherapy following radical surgery.

Radiotherapy is a critical component of comprehensive breast cancer treatment but is often accompanied
by side effects. Among these, radiodermatitis is the most common side effect observed in patients
undergoing radiotherapy after radical surgery. Radiodermatitis typically manifests as localized redness,
swelling, blisters, and other burn-like changes within the irradiated skin area . Severe radiodermatitis can
cause significant pain, prolong hospitalization, increase medical costs, and adversely affect treatment outcomes.

This study aims to compare the efficacy of medical radiation protection spray (Bergmann) with
triethanolamine cream in preventing and treating radiodermatitis during radiotherapy in breast cancer patients
after radical surgery ". The objective is to provide patients with a superior option for managing radiodermatitis
effectively.

2. Materials and methods

2.1. General information

A total of 90 patients diagnosed with breast cancer and treated with radical surgery at our hospital between
July 2018 and July 2021 were included in the study. The patients were divided into an experimental group and a
control group, with 45 patients in each group. The experimental group received Bergmann spray applied to the
skin in the radiation field twice daily from the initiation of radiotherapy. When grade I skin reactions occurred, the
application frequency was increased to four times daily. The control group received triethanolamine cream
applied to the skin in the radiation field three times daily after the occurrence of grade I radiodermatitis following
radiotherapy.

In the experimental group, patient ages ranged from 37 to 61 years, with a median age of 52 years, while in

the control group, ages ranged from 37 to 69 years, with a median age of 53 years.

2.2. Treatment method

All patients were treated using an Elekta medical linear accelerator. The chest wall was irradiated with 6
MeV electron beams in conventional divisions. The chest wall irradiation field was defined as follows:

(1) Upper limit: Lower edge of the clavicle

(2) Lower limit: 2 cm below the contralateral breast fold

(3) Medial limit: Body midline

(4) Lateral limit: Midaxillary line

The radiotherapy dose was administered as DT50Gy/2Gy/25f over 5 weeks.

Patients in the experimental group used medical radiation protection spray prophylactically from the initiation
of radiotherapy, applying it as follows:

(1) Prophylactic application: Once 30 minutes before and 10 minutes after radiotherapy, spray the site twice

daily.
(2) With redness and swelling: Spray 2—3 times per application, 3 times daily.
(3) With skin ulceration: After debridement, spray 2—3 times per application, 4 times daily.
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After completing radiotherapy, the spray was continued for an additional 7—-10 days.

For the control group, once grade I radiodermatitis developed during radiotherapy, tricthanolamine cream
was applied locally to the radiation field three times daily. Residual cream was removed from the skin before
radiotherapy sessions.

Radiotherapy doses corresponding to the onset of grade I-IV radiodermatitis were observed and recorded for
all patients, along with the duration and resolution time for each grade of skin reaction.

2.3. Radiodermatitis grading standards

Radiodermatitis was graded according to the RTOG acute radiodermatitis grading standards **':
(1) Grade 0: No noticeable skin changes.

(2) Grade I: Mild erythema or dry skin reaction.

(3) Grade II: Scattered erythema, moist skin reaction, or moderate edema in skin folds.

(4) Grade III: Confluent moist skin reaction with a diameter >1.5 cm.

(5) Grade I'V: Skin ulceration, necrosis, or hemorrhage.

2.4, Statistical methods

Statistical analysis was performed using SPSS 22.0. The doses corresponding to skin reactions at all levels were
described using the mean + standard deviation (SD). The 2 test was employed to compare categorical data, with a
significance level of P < 0.05.

3. Results

3.1. Radiation dose for grade I radiodermatitis in the two groups

The radiation dose required to induce grade I radiodermatitis was significantly higher in the experimental group
compared to the control group, with doses of 36.13 £ 1.17 Gy and 25.38 £ 0.63 Gy, respectively. This indicates
that Bergmann spray effectively prevents radiodermatitis and delays its onset (see Table 1).

Table 1. Radiation dose for grade I radiodermatitis in the two groups of patients (mean = SD, Gy)

Group Number of cases Dose for grade I radiodermatitis
Experimental group 45 36.13 £1.17
Control group 45 25.38+0.63
P value <0.001

3.2. Incidence of grade I radiodermatitis at different radiation doses

At a radiation dose of 30 Gy, the proportion of patients with grade I skin reactions was significantly lower in the
experimental group compared to the control group (P = 0.002), demonstrating a statistically significant difference.
However, at doses of 10, 20, 40, and 50 Gy, no statistically significant differences were observed between the two
groups (P > 0.05).

3.3. Incidence of grade Il radiodermatitis at different radiation doses

At radiation doses of 40 Gy and 50 Gy, the proportion of patients with grade II radiodermatitis in the experimental
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group was significantly lower than in the control group (P < 0.001). At doses of 10, 20, and 30 Gy, the differences
in grade II radiodermatitis incidence between the two groups were not statistically significant (P > 0.05) (Table 2).

Table 2. Comparison of grade Il radiodermatitis incidence between the two groups

Group Number of cases Grade II radiodermatitis [n (%)] Below grade II radiodermatitis [n (%)]
Experimental group 45 7 (15.6%) 38 (84.4%)
Control group 45 11 (24.4%) 34 (75.6%)
P value 0.292

3.4. Incidence of grade III skin reactions

No cases of grade III or higher radiodermatitis were observed in the experimental group, whereas 3 cases of grade
IIT radiodermatitis occurred in the control group. The difference between the two groups was not statistically
significant (P > 0.05).

3.5. Treatment interruptions due to severe radiodermatitis

No patients in the experimental group required treatment interruptions due to severe radiodermatitis or mucosal
reactions. In the control group, 2 patients experienced interruptions due to severe radiodermatitis, but treatment
was ultimately completed. The difference between the two groups was not statistically significant (P > 0.05).

4. Discussion

The role and significance of radiotherapy in tumor treatment have become increasingly prominent, establishing it
as one of the primary methods for managing malignant tumors. Radiotherapy delivers a specific dose of radiation
to tumors, damaging the DNA of tumor cells to inhibit their growth and induce cell death ). This damage includes
direct effects of radiation and indirect effects caused by the ionization of water ", leading to the formation of free
radicals. However, normal cells within the radiation field are inevitably exposed to damage. While normal tissues
possess self-repair capabilities, repeated radiation exposure can disrupt the balance between tissue damage and
repair. Radiodermatitis is one of the most common tissue injuries caused by radiotherapy . Statistics indicate that
the incidence of skin damage among cancer patients undergoing radiotherapy is 91.4%, with 58.1% experiencing
severe damage that necessitates treatment interruption. Each day of treatment delay reduces the local control
rate by 1-3%, exacerbating patient discomfort, and psychological distress, and negatively impacting treatment
outcomes and quality of life.

The mechanism underlying radiodermatitis is complex, involving various pathophysiological reactions,
microenvironmental regulation, and both treatment-related and patient-related factors . Treatment-related
risk factors include the type of radiation source, radiation dose, frequency of exposure, location and area of the
irradiated field, and the presence of overlapping radiation fields "'”. Furthermore, the use of radiosensitizing
drugs and concurrent radiotherapy and chemotherapy increases the likelihood of radiodermatitis. Patient-specific
factors also contribute to radiodermatitis "', such as obesity, the presence of skin folds, nutritional status, smoking,
ultraviolet exposure, individual sensitivity to radiation, and comorbidities such as autoimmune diseases. Rare

[12-14]

genetic mutations have also been implicated , with current research suggesting that mutations in the Ataxia-

Telangiectasia Mutated (ATM) genes increase susceptibility to severe radiodermatitis .
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Radiotherapy remains a crucial treatment modality for breast cancer. However, it is essential to concurrently
enhance understanding of its side effects and develop strategies to mitigate radiotherapy-related complications.
Bergmann, the experimental drug used in this study, primarily comprises superoxide dismutase and its stabilizer.
This formulation effectively and promptly removes harmful free radicals generated during radiotherapy, interrupts
the free radical reaction chain, and promotes the active repair of human tissues . The main component, ThSD,
enhances bioavailability and efficiently neutralizes O, produced by ionization in local skin and mucosal
tissues. This delays the onset of radiation-induced damage, mitigates its severity, and supports the continuity of
radiotherapy. Additionally, the stabilizer D-DT stabilizes the protein and cell membrane structures, provides deep
hydration, and resists absorption by the body, thereby protecting skin and mucosal cells from damage. Bergmann’s
bionic buffer system creates a catalytic environment conducive to healing, facilitating the repair of skin and
mucosal tissues.

The findings of this study demonstrate that Bergmann exerts a protective effect on the skin of breast cancer
patients undergoing radiotherapy, effectively reducing the incidence and severity of radiation-induced skin
damage. It increases the radiation tolerance of skin in the irradiated field, aids in repairing radiation-induced skin
injuries, and ensures the smooth progress of radiotherapy. This contributes to reduced pain and hospitalization
costs for patients undergoing radiotherapy. Additionally, Bergmann’s ease of use supports its clinical applicability

and warrants further promotion.
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Abstract: Periodontitis is an inflammatory infectious disease affecting the periodontal supporting tissues and is the
primary cause of tooth loosening and tooth loss in adults. Clinically, supragingival scaling, subgingival scaling, root
planing, and other basic periodontal treatments, often combined with antibiotic therapy, are commonly employed with
moderate efficacy. However, the increasing prevalence of antibiotic resistance and associated adverse reactions has become
a growing concern. Recent studies have demonstrated the significant impact of traditional Chinese medicine (TCM)
extracts in both the prevention and treatment of periodontitis, exhibiting remarkable effectiveness. This review explores
the role and mechanisms of TCM extracts in the prevention and treatment of periodontitis, providing a reference for
further elucidation of their mechanisms and a theoretical basis for the development of Chinese herbal medicine-based care

products.
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1. Introduction

Periodontitis is a multifactorial and complex disease resulting from an imbalance between pathogenic
microorganisms in dental plaque and the host immune system !". The primary clinical manifestations of
periodontitis include gingival redness, swelling, bleeding, formation of periodontal pockets, alveolar bone
resorption, and tooth mobility. In severe cases, these symptoms can lead to tooth loss, making periodontitis a
leading cause of impaired chewing function in adults .

Standard treatment for periodontitis typically involves a combination of basic periodontal therapies and drug
interventions. However, as a chronic inflammatory condition, prolonged use of pharmacological treatments can

result in adverse effects such as bacterial resistance, gastrointestinal discomfort, allergic reactions, and potential
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damage to liver and kidney functions "’

In recent years, traditional Chinese medicine (TCM) has gained considerable attention for its role in the
prevention and treatment of periodontitis. Compared to antibiotics, TCM offers antibacterial, anti-inflammatory,
and immune-regulatory properties, which can help reduce the recurrence and complications associated with
periodontal diseases /. Advances in the isolation, purification, and analysis of active components in TCM have
enabled the identification and pharmacological evaluation of these components. Numerous studies have confirmed
the significant efficacy of various TCM extracts in the prevention and treatment of periodontitis "’

This review summarizes the effects and mechanisms of TCM extracts in the prevention and treatment of
periodontitis, providing a foundation for further research into the mechanisms of TCM in managing periodontitis
and a theoretical basis for the development of herbal-based care products.

2. Research on the effects and mechanisms of traditional Chinese medicine extracts
in the prevention and treatment of periodontitis

2.1. Flavonoids

2.1.1. Rhodiola rosea flavonoids

Rhodiola rosea flavonoids have been shown to reduce the gingival index (GI) and sulcus bleeding index (SBI),
downregulate the expression levels of interleukin-6 (IL-6), interleukin-18 (IL-18), matrix metalloproteinase-2
(MMP-2), and matrix metalloproteinase-9 (MMP-9) in the serum of rats with periodontitis, thereby alleviating

periodontal inflammation '’

2.1.2. Naringin

Naringin inhibits autophagy in mouse embryonic osteoblast precursor cells (MC3T3-E1) mediated by the protein
kinase B (AKT)/mammalian target of rapamycin (mTOR) pathway, promotes osteogenic differentiation and
mineralization, and alleviates periodontitis "*'. Additionally, naringin upregulates the expression of IncRNA MEG3
in periodontitis-derived periodontal ligament stem cells (PDLSCs), inhibits the Wnt/pB-catenin pathway, and

promotes osteogenic differentiation .

2.1.3. Icariin (ICA)

ICA activates the EphB4-EphrinB2 signaling pathway, promoting the osteogenic differentiation of MC3T3-E1
cells ",

2.1.4. Isoliquiritigenin (ISL)

ISL inhibits the nuclear factor-kB (NF-kB)/NLR family pyrin domain containing 3 (NLRP3)/gasdermin D
(GSDMD) pathway, reduces Pg-LPS/ATP-induced pyroptosis in human gingival fibroblasts (hGFs), and alleviates
periodontitis "),

2.1.5. Puerarin

Puerarin exhibits anti-periodontitis effects by reducing alveolar bone resorption and inhibiting the differentiation
of mouse monocyte macrophage leukemia cells (RAW264.7) into osteoclasts. It suppresses p38 MAPK
phosphorylation and alleviates periodontal inflammation "*. Furthermore, puerarin inhibits the interleukin-23/
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helper T cell 17 (Th17) inflammatory axis and upregulates osteoprotegerin (OPG) expression, reducing alveolar
bone resorption "*'. Tt also promotes the proliferation of new osteoblasts, mitigates periodontal inflammation in
rats with periodontitis, and inhibits alveolar bone resorption "*. Additionally, puerarin downregulates the Notch

signaling pathway, preventing the differentiation of RAW264.7 cells into osteoclasts !'”.

2.1.6. Eriodictyol

Eriodictyol reduces inflammation in rats with periodontitis and promotes the osteogenic differentiation of human
periodontal ligament stem cells (WPDLSCs) by activating the Yes-associated protein (YAP)/transcriptional co-
[16]

activator with PDZ-binding motif (TAZ) signaling pathway " .

2.1.7. Soy isoflavones (SIF)

Soy isoflavones alleviate periodontal inflammation and inhibit alveolar bone resorption. They suppress the Slit
homolog 2 (Slit2)/ p38 mitogen-activated protein kinase (p38 MAPK) signaling pathway, thereby reducing
alveolar bone resorption and periodontal inflammation in rats with periodontitis !'”. Genistein (GEN), a major

subclass of soy isoflavones, also inhibits alveolar bone resorption and alleviates periodontal inflammation "*'"*".

2.1.8. Hyperoside (Hyp)
Hyperoside inhibits the Toll-like receptor 4 (TLR4)/myeloid differentiation factor 88 (MyD88)/NF-kB pathway,

reduces the number of osteoclasts in periodontal tissues, and suppresses the periodontitis response in rats **.

2.1.9. Baicalin

Baicalin possesses antibacterial properties, promotes immunity, alleviates alveolar bone resorption, and
inhibits periodontitis. Gong et al. ! found that baicalin inhibits Porphyromonas gingivalis, Fusobacterium
nucleatum, and Aggregatibacter actinomycetemcomitans. It reduces the number of osteoclasts in periodontal
tissues, prevents alveolar bone resorption, and counters systemic inflammatory responses. Further research
indicates that baicalin downregulates the mTOR signaling pathway, inhibits macrophage polarization to M1, and
promotes immune responses, thereby mitigating periodontitis in mice **. In periodontal ligament cells (PDLCs)
induced by interleukin-18 (IL-1P), human oral keratinocytes (HOKs), and hPDLSCs, baicalin suppresses
matrix metalloproteinase-1 (MMP-1)/tissue inhibitor of metalloproteinase 1 (TIMP-1), negatively regulates
TLR signaling, inhibits the Janus kinase 2 (JAK2)/signal transducer and activator of transcription 3 (STAT3)
pathway, promotes cell proliferation and migration, reduces apoptosis, and alleviates periodontal inflammation
1 Clinically, baicalin combined with metronidazole is effective in treating periodontitis of the stomach-fire and

kidney-deficiency type, reducing oxidative stress and improving periodontal conditions **.

2.1.11. Luteolin
Luteolin blocks the NF-kB and NLRP3/IL-1p signaling pathways in gingival tissues of rats with periodontitis,
thereby preventing periodontal tissue destruction and promoting alveolar bone remodeling >

2.1.12. Astragalus extract

Astragalus extract contains total flavonoids from astragalus (TFA) and astragaloside IV (AS-IV). The combination
of TFA and gingival mesenchymal stem cells (GMSCs) effectively treats periodontal inflammation *%. AS-TV
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inhibits the TLR4/MyD88/NF-kB pathway and promotes periodontal tissue remodeling in rats with periodontitis *”.

2.1.13. Quercetin (Quer)

Quercetin promotes osteogenesis, inhibits alveolar bone resorption, and reduces periodontal inflammation. In
a cigarette smoke-related periodontitis (CSRP) model of human periodontal ligament cells (WPDLCs) induced
by cigarette smoke extract (CSE) and lipopolysaccharide (LPS), quercetin enhances the expression of alkaline
phosphatase (ALP), runt-related transcription factor 2 (RUNX2), and collagen type I (COL1), promoting
osteogenesis “*. Additionally, quercetin inhibits the JAK/STAT pathway, promotes hPDLF migration, and
alleviates smoking-related periodontal lesions *”. It further alleviates alveolar bone resorption and reduces
periodontal inflammation through the Nrf2, NF-kB/NLRP3, and microRNA-21a-5p/PDCD4/NF-«B pathways ©”.
In rats with diabetic periodontitis, quercetin liposomes lower blood glucose levels, reduce advanced glycation end

products (AGEs), and alleviate periodontal inflammation and alveolar bone resorption "),

2.1.14. Kaempferol
Kaempferol reduces the levels of phosphorylated extracellular signal-regulated kinase (p-ERK), phosphorylated
p38 MAPK (p-p38), and phosphorylated c-Jun N-terminal kinase (p-JNK) in the MAPK signaling pathway, thus

inhibiting periodontitis and osteoclast formation, differentiation, and proliferation **.

2.1.15. Nobiletin
Nobiletin significantly inhibits periodontal inflammation by blocking the chemokine CCL2/CCR2 signaling axis,

reducing inflammatory damage in rats with periodontitis ****.

2.2. Polyphenols

2.2.1. Proanthocyanidins (PA)

Proanthocyanidins (PA) are natural pigments widely present in plants, with the highest concentration found
in grape seeds °'. Grape seed proanthocyanidin extract (GSPE) inhibits the TLR4/NF-«B signaling pathway,
thereby alleviating periodontal inflammation in rats with diabetic periodontitis **. Additionally, PA restores
lysine lactylation in periodontal ligament stem cells (PDLSCs) under inflammatory conditions and promotes their

osteogenesis through the Wnt/B-catenin pathway "7

2.2.2. Protocatechuic acid
Protocatechuic acid, the primary metabolite of anthocyanins, upregulates silent information regulator 1 (SIRT1),

inhibits the thioredoxin-interacting protein (TXNIP)-NLRP3 axis, and alleviates inflammatory damage in human
periodontal ligament fibroblasts (WPDLFs) induced by LPS ™%

2.2.3. Ellagic acid

Ellagic acid reduces the adhesion ability of Porphyromonas gingivalis and Fusobacterium nucleatum, thereby

exhibiting antibacterial effects ™). Moreover, ellagic acid downregulates the expression of IL-6, C-reactive protein

(CRP), and vascular endothelial growth factor-A (VEGF-A), while upregulating interleukin-10 (IL-10), thus

inhibiting periodontal inflammation and reducing alveolar bone resorption “”.
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2.2.4. Curcumin (Cur)

Curcumin (Cur) induces the expression of early growth response factor 1 (EGR1), activates the Wnt/B-catenin
signaling pathway, and promotes osteogenic differentiation in hPDLSCs, as well as the proliferation and
osteogenesis of PDLSC-extracellular vesicles (EVs) “". In rats with periodontitis, Cur regulates the solute carrier
family 7 member 11 (SLC7A11)/glutathione peroxidase 4 (GPX4) axis, increases antioxidant glutathione (GSH)
levels, inhibits ferroptosis, and mitigates periodontal inflammation . Furthermore, in hGFs and hPDLSCs
induced by LPS, Cur inhibits the NF-kB pathway, suppresses cyclooxygenase-2 (COX-2) expression, and

alleviates periodontal inflammation **"

2.2.5. Farrerol
Farrerol suppresses the mTOR/STAT3 signaling pathway, reduces the distance between the cementoenamel
junction (CEJ) and alveolar bone crest (ABC), decreases levels of IL-1p, IL-6, and tumor necrosis factor-a (TNF-a),

and alleviates periodontal inflammation and alveolar bone resorption in rats with periodontitis **.

2.2.6. Resveratrol (RSV)

Resveratrol (RSV) exhibits anti-inflammatory properties, promotes osteogenesis, and suppresses alveolar bone
resorption. Pterostilbene (4’-MR), a derivative of RSV, inhibits the NF-xB pathway, reduces inflammation in
hGFs induced by LPS under high-glucose culture conditions, and alleviates periodontal inflammation in rats with
diabetic periodontitis ). RSV also activates the SLC7A11/GPX4 pathway, downregulates the NF-kB pathway,
inhibits ferroptosis in osteocytes, and mitigates diabetic periodontitis *’. In hGFs induced by LPS, RSV inhibits the
phosphatidylinositol 3-kinase (PI3K)/AKT signaling pathway and alleviates the periodontal inflammatory response
7 Additionally, RSV activates the extracellular signal-regulated kinase (ERK)/Wnt/p-catenin signaling pathway,
induces apoptosis of activated T cells, modulates immune responses, and alleviates periodontal inflammation **.
Both in vivo and in vitro studies have demonstrated that RSV activates the nuclear factor-E2-related factor 2 (Nrf2)/
heme oxygenase-1 (HO-1) pathway, inhibits the NF-kB pathway, reduces inflammation in hPDLSCs induced by
LPS, promotes osteogenesis, and mitigates alveolar bone resorption in rats with periodontitis . Moreover, RSV
suppresses the osteoprotegerin (OPG)/receptor activator of nuclear factor-xB ligand (RANKL)/receptor activator of

nuclear factor-kB (RANK) signaling pathway in periodontal tissues, reducing alveolar bone resorption ™.

2.2.7. Pomegranate peel polyphenols
Pomegranate peel polyphenols reduce gingival bleeding and the risk of periodontal disease progression "',
Punicalagin, a bioactive compound found in pomegranate peel polyphenols, inhibits the growth and adhesion of

Porphyromonas gingivalis and Fusobacterium nucleatum, thereby alleviating periodontal inflammation

2.3. Polysaccharides

2.3.1. Lycium barbarum glycopeptide

Lycium barbarum glycopeptide enhances the phosphorylation of ERK, thereby promoting osteogenic repair and
regeneration in rats with periodontitis ',

2.3.2. Morinda officinalis polysaccharide

Morinda officinalis polysaccharide upregulates SIRT1, reduces the expression and acetylation of NLRP3,
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and inhibits periodontal inflammation in hPDLFs stimulated by LPS *Y. Furthermore, Morinda officinalis
polysaccharide suppresses the expression of fibronectin (FN) and fibronectin-containing extra domain A (FN-EDA)

in hPDLFs, thereby alleviating periodontal inflammation .

2.4. Glycosides

2.4.1. Ginsenosides

Ginsenosides exhibit antibacterial effects, inhibit biofilm formation, suppress periodontal inflammation and
alveolar bone resorption, promote osteogenesis, and reduce osteoclast formation. Ginsenoside Rd (GSRd) inhibits
the growth, virulence, and biofilm formation of Porphyromonas gingivalis, reduces osteoclast formation, and
thereby mitigates the pathogenicity of periodontal bacteria, periodontal inflammation, and bone resorption .
Ginsenosides (Re, Ra8, and Rf) bind to the epidermal growth factor receptor (EGFR), enhance the expression of
HO-1, promote the osteogenic differentiation of periodontal ligament cells (PDLCs), and inhibit alveolar bone
resorption and periodontal inflammation *”. Furthermore, ginsenoside Rgl promotes the phosphorylation of
AMP-activated protein kinase (AMPK), inhibits the dynamin-related protein 1 (Drp1)/NLRP3 signaling pathway,
downregulates the expression of Caspase-1 and gasdermin D N-terminal fragment (GSDMD-NT), and alleviates
pyroptosis and inflammatory injury ®*. Ginsenoside Rb3 suppresses the ERK/NF-kB, mitogen-activated protein
kinase (MAPK)/AKT/NF-xB, and STAT3 signaling pathways, reduces osteoclast formation, alleviates gingivitis
and alveolar bone resorption, and inhibits periodontal inflammation ™. Additionally, ginsenoside Rg6 exhibits
antibacterial activity against Porphyromonas gingivalis. Rg6 also reduces the expression of IL-6, TNF-a, IL-1j,
and monocyte chemoattractant protein-1 (MCP-1) in hPDLCs induced by Pg-LPS. Simultaneously, it increases the
expression of catalase (CAT), superoxide dismutase (SOD), alkaline phosphatase (ALP), and osteocalcin (OCN),

thereby exhibiting anti-periodontitis, antioxidative, and osteogenic effects "’

2.4.2. Salidroside

Salidroside and Scrophularia ningpoensis exhibit significant inhibitory effects on the biofilm formation of
Porphyromonas gingivalis and Fusobacterium nucleatum and demonstrate bactericidal activity ",

2.5. Terpenoids

2.5.1. Ursolic acid

Ursolic acid activates the AMPK/SIRT1 signaling pathway, reduces alveolar bone resorption, and promotes the

repair and reconstruction of alveolar bone **.

2.5.2. Carvacrol
[63]

Carvacrol hydrogel significantly reduces alveolar bone resorption and improves periodontal inflammation
2.5.3. Isodon excisa

A decoction of Isodon excisa inhibits the release of IL-1p, IL-6, and TNF-a in the gingival tissues and serum of
rats with periodontitis, alleviating periodontal inflammation and tissue destruction "
2.5.4. Genipin

Genipin increases the expression of Nrf2 and HO-1 in hPDLCs, alleviates oxidative stress, and reduces damage to
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periodontal tissues in rats with periodontitis "

2.5.5. Glycyrrhizin
Glycyrrhizin mitigates periodontal inflammation by activating liver X receptor alpha (LXRa) and inhibiting the
COX-2/NF-«B pathway .

2.6. Alkaloids

2.6.1. Berberine (BBR)

Berberine hydrochloride exhibits antibacterial activity, inhibits periodontal inflammation, promotes osteogenesis,
and alleviates alveolar bone resorption. BBR significantly suppresses the occurrence and development of
Aggregatibacter actinomycetemcomitans, Porphyromonas gingivalis, and periodontitis ", In rats with
periodontitis associated with type 2 diabetes mellitus (T2DM), BBR demonstrates therapeutic effects by blocking
the NF-«B pathway and inhibiting M1 polarization of macrophages '®*. Additionally, BBR binds to the EGFR on
the cell membranes of hPDLSCs, mediating and activating the extracellular signal-regulated kinase (ERK)-FOS
pathway, thereby promoting osteogenesis . BBR-loaded hydrogel facilitates the phosphorylation of PI3K/AKT,
contributing to anti-periodontal inflammation and osteogenesis ‘. Furthermore, BBR enhances the expression of
G protein-coupled receptor 30 (GPR30) and blocks the p38 MAPK/NF-kB signaling pathway, thereby inhibiting
alveolar bone resorption and periodontal inflammation, ultimately contributing to the treatment of periodontitis in

rats (7],

2.6.2. Emodin

Emodin inhibits the NLRP3 inflammasome and upregulates microRNA-218 expression, thus suppressing
periodontal inflammation and bone resorption in rats """, In clinical applications, emodin effectively treats
moderate to severe chronic periodontitis by downregulating NF-kB and suppressing the expression of IL-1p3, IL-4,
and IL-6 ™.

2.7. Other compounds
2.7.1. Forsythin
Forsythin inhibits the phosphorylation of p38 MAPK, alleviating periodontal inflammation and osteoclast

activation, and improving periodontitis symptoms .

2.7.2. Moringa oleifera leaf extract

Moringa oleifera leaf extract suppresses periodontal inflammation and alveolar bone resorption. It inhibits
the phosphorylation of p38a/mitogen-activated protein kinase 14 (MAPK14) and enhances the expression of
osteoprotegerin (OPG)/receptor activator of nuclear factor-kB ligand (RANKL), interleukin-1 receptor antagonist
(IL-1Ra), and IL-10, thereby inhibiting periodontitis ¥, Cryptochlorogenic acid and orientin, constituents of Moringa
oleifera leaf extract, exhibit specific effects. Cryptochlorogenic acid inhibits the p38 MAPK signaling pathway,
resulting in anti-inflammatory and anti-bone-resorption effects . Furthermore, it blocks the NF-kB/Jumonji domain-
containing protein 3 (JMJD3) signaling axis, inhibits M1 polarization of macrophages, promotes cell survival, and
suppresses periodontal inflammation ", Orientin reduces the expression of autophagy protein LC3-II, thereby

inhibiting periodontal inflammation and alveolar bone resorption through autophagy modulation /"
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2.7.3. Tripterygium wilfordii polyglycoside
Tripterygium wilfordii polyglycoside decreases the sulcus bleeding index (SBI), periodontal probing depth (PD),

and clinical attachment loss (CAL) while alleviating periodontal inflammation and alveolar bone resorption .

2.7.4. Eupatol
Eupatol inhibits the growth of Porphyromonas gingivalis and Fusobacterium nucleatum, blocks activation of the
NF-«B signaling pathway, and suppresses the secretion of TNF-a, IL-1p, and prostaglandin E2 (PGE2) in hGFs

induced by LPS, thereby reducing periodontal inflammation .

2.7.5. Allicin
Allicin inhibits the TLR4/MyD88 signaling pathway and reduces the levels of fasting plasma glucose (FPG), IL-6,

and TNF-a, thereby mitigating periodontal inflammation in obese rats with periodontitis "*.

2.7.6. Cannabidiol (CBD)

CBD inhibits the TLR4/NF-kB pathway, thereby alleviating periodontal inflammation in rats and hPDLCs induced
by LPS . CBD also reduces CAL, lowers tissue inflammation, inhibits the growth of Porphyromonas gingivalis,
and demonstrates significant therapeutic effects on experimental periodontitis in mice. Moreover, CBD promotes

the proliferation and migration of hGFs under inflammatory conditions and suppresses periodontal inflammation .

3. Conclusion

Periodontitis is a chronic, progressive disease resulting from an imbalance in oral microecology. Its pathogenesis
centers on the interaction between periodontal pathogenic bacteria and the host immune system, leading to the
destruction of periodontal supporting tissues and, in severe cases, tooth loosening and loss ""*. Clinically, basic
periodontal treatment is commonly employed, often combined with antibiotics to significantly alleviate the
symptoms of periodontitis .

In recent years, the understanding of TCM has advanced significantly, with numerous studies demonstrating
its unique advantages in the prevention and treatment of periodontitis. This review highlights that TCM extracts,
including flavonoids, polyphenols, polysaccharides, glycosides, naphthoquinones, terpenes, alkaloids, and other
compounds, exert therapeutic effects through pathways such as MAPK (ERK, ERK1/2, p38, JINK), mTOR,
Wnt/B-catenin, SLC7A11/GPX4, NF-«B, EphB4-EphrinB2, YAP/TAZ, Slit2/p38MAPK, JAK2/STAT3, CCL2/
CCR2, SIRT1/TXNIP/NLRP3, AMPK/Drpl/NLRP3, and Nrf2/HO-1. These compounds inhibit autophagy
and ferroptosis, promote cell proliferation, and reduce oxidative stress. As a result, they suppress the growth of
periodontal pathogenic bacteria, mitigate periodontal inflammation and alveolar bone resorption, promote the
repair and reconstruction of alveolar bone, enhance periodontal tissue regeneration, and modulate the host immune
response.

Nevertheless, the clinical application of TCM extracts warrants further research and validation. With the
growing understanding of the molecular mechanisms underlying the effects of TCM in the prevention and
treatment of periodontitis, the influence of TCM active ingredients on specific targets and intracellular effector
factors will provide a solid theoretical foundation for their broader application in managing periodontitis.
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Abstract: Objective: To explore symptom experiences and self-coping patterns during the early and late stages of
chemotherapy in these patients to provide a basis for developing targeted symptom management strategies. Methods: A
total of 27 patients with pancreatic cancer undergoing chemotherapy at two medical institutions were recruited between
November 2023 and August 2024. Semi-structured interviews were conducted in person or over the phone. Data were
analyzed using traditional content and thematic analyses. Results: Three themes were identified: symptom experience,
self-coping patterns, and existing obstacles. During the early stages of chemotherapy, patients reported a higher frequency
of unpleasant symptoms and recognized these symptoms earlier in the treatment course. Patients in the early stages
primarily relied on external support to cope with symptoms, while those in the later stages adopted self-care strategies.
Several challenges related to unpleasant symptoms were observed, which appeared to correlate with the self-coping
patterns employed. Conclusion: Patients with pancreatic cancer undergoing chemotherapy experience a complex and
diverse range of symptoms, with varying coping patterns at different stages of treatment. Symptom management during
chemotherapy presents significant challenges. Healthcare providers should improve the ongoing monitoring of symptoms
post-chemotherapy. By linking patients’ symptom experiences and self-coping patterns at different stages of chemotherapy

to their specific challenges, personalized symptom management strategies can be developed to enhance care quality.
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1. Introduction

Pancreatic cancer is a highly lethal disease and currently ranks as the sixth leading cause of mortality worldwide ",
The global 5-year survival rate is approximately 10% ™. Systemic chemotherapy, encompassing neoadjuvant,
adjuvant, and radical chemotherapy, remains the cornerstone of pancreatic cancer treatment. These systemic
treatments significantly improve tumor-related clinical outcomes, including curative effects, overall survival, and
progression-free survival *.,

However, chemotherapeutic agents often induce a range of adverse physiological effects due to their toxic
side effects. A meta-analysis indicates that hematological, gastrointestinal, and constitutional symptoms have
the highest incidence rates . A study investigating two first-line chemotherapy regimens identified severe side
effects, including anorexia, fatigue, nausea, diarrhea, and constipation 81 Furthermore, reports show that advanced
pancreatic cancer patients undergoing chemotherapy exhibit a higher incidence of severe symptoms, particularly
fatigue (56.9%), anxiety (50.4%), and nausea (9.8%) .

Recent studies on the symptom burden experienced by pancreatic cancer patients have primarily focused
on symptoms during the natural course of the disease or postoperative recovery "'*'". Limited research exists on
the symptom burden associated with different cycles of chemotherapy. Additionally, existing assessment tools
often feature an excessive number of items, poor readability, and lack of specificity for pancreatic cancer patients,
restricting their ability to report symptoms effectively !'*.

In China’s healthcare system, due to limited medical resources, most patients undergo chemotherapy during
daytime outpatient visits. Patients receive infusion therapy at the hospital and return home the same day for
rest and recovery. While healthcare providers monitor patients’ conditions during hospital-based therapy, the
severity of symptoms experienced at home remains inadequately assessed ''*'. Furthermore, poor communication
and interaction between physicians and patients outside of hospital settings often lead to insufficient symptom
management during intervals between chemotherapy sessions "',

Patients’ self-coping strategies for managing therapy-related symptoms are critical for reducing symptom burden
and maintaining normal functional status and quality of life (QOL) during home-based recovery periods "*’. Previous
observations have indicated that the symptom burden of cancer patients varies across chemotherapy cycles .
However, the specific symptom burden and self-coping patterns of pancreatic cancer patients at different stages of
chemotherapy remain unclear.

The Symptom Experience in Time (SET) theory suggests that when patients recognize the onset of unpleasant
symptoms, they engage in self-assessment and subsequently pursue either self-care or external assistance to
facilitate effective symptom management ''*), By integrating symptom-related theories, such as the theory of
unpleasant symptoms and the symptom management model, the SET theory incorporates temporal dimensions to
provide valuable guidance for understanding symptom experiences and corresponding coping patterns.

Therefore, this study aimed to explore differences in symptom experiences and self-coping patterns during
the early and late stages of chemotherapy among patients with pancreatic cancer. The findings are intended to
serve as a foundation for implementing personalized clinical symptom assessment methods and improving phased

symptom management interventions.

2. Materials and Methods
2.1. Study design

This study utilized a descriptive qualitative research approach, incorporating semi-structured personal interviews
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to investigate the symptom experiences and self-coping patterns of patients with pancreatic cancer undergoing
chemotherapy. The research combined thematic analysis with traditional content analysis methodologies. This
approach was particularly advantageous, as thematic analysis provided a structured framework to explore patients’
symptom experiences and their perceptions throughout the treatment process ', Traditional content analysis
complemented this by objectively examining the textual data derived from thematic analysis. The study adhered
to the Standards for Reporting Qualitative Research (SRQR) checklist to enhance transparency and ensure
methodological rigor.

2.2. Participants and settings

A purposive sampling method, guided by the principle of maximum variation sampling, was employed to recruit
27 patients undergoing chemotherapy for pancreatic cancer at two tertiary hospitals in Southwest China between
November 2023 and August 2024. The inclusion criteria were as follows: (1) patients aged 18 years or older; (2)
confirmation of pancreatic malignancy through imaging and pathology, with patients undergoing chemotherapy;
and (3) patients possessing clear consciousness and normal communication abilities. For this study, chemotherapy
cycles were classified as early-stage (three or fewer cycles) or late-stage (more than three cycles) "*. Ethical
approval was obtained from the ethics committees of Mianyang Central Hospital (No: S202203501) and Chengdu
Seventh People’s Hospital (No: QT202300101). All participants provided written or electronic informed consent

prior to inclusion.

2.3. Data collection

Patients meeting the inclusion criteria were identified in the oncology outpatient or inpatient departments.
The study’s purpose and procedures were thoroughly explained, and informed consent was obtained along
with demographic and clinical information. Interviews were conducted face-to-face or telephonically at times
convenient for the participants. Based on the SET theoretical framework, a formal interview outline (Table 1)
was developed following discussions between two specialist physicians and two specialized nurses. Preliminary
interviews with two patients further informed the outline’s design.

Table 1. Outline of the interview

Number Question
1 What symptoms did you experience during chemotherapy?
2 Could you describe the severity of these symptoms? Kindly elucidate your specific experiences in detail.
3 Have you noticed any disparity in the perception of these symptoms at various time points?
4 What effects have these symptoms had on you?

How do you typically cope with these symptoms? Do you ask for help positively?

6 What challenges or needs do you encounter during chemotherapy?

The interviews were conducted independently by researchers with over 12 months of clinical research
experience and systematic training in qualitative research. Audio recordings and data collection were facilitated
using electronic tablets. The sequence of questions during interviews was adjusted flexibly to ensure an engaging
and accessible process. Data saturation was deemed achieved when no new themes emerged during the preliminary

analysis and after interviewing two additional participants. At this point, the study was concluded.
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2.4. Data analysis

Data transcription and analysis commenced immediately after the first interview. Within 24 hours of each
interview, two researchers (Xin Tian and Peiyang Mao) transcribed the audio recordings into standard text,
supplemented the transcripts with interview notes, and conducted verbatim verification. The first author utilized
traditional content and thematic analyses as guiding frameworks for the data analysis.

Patient identities were anonymized using identifiers (P1-P27), and text encoding was conducted
independently by researchers based on the study’s thematic focus. The initial coding clusters were developed
using the SET theoretical framework. Discrepancies in coding were resolved through team discussions to achieve
consensus, and adjustments were made until a uniform agreement was reached. Subsequently, the findings were
integrated and iteratively refined to delineate primary themes and subthemes. Data analysis was performed using
NVivo software (NVivo Qualitative Data Analysis Software; QSR International Pty Ltd., 12th edition, 2018).

3. Results
3.1. Demographic and clinical characteristics

Interviews were conducted with 27 patients undergoing chemotherapy, including 13 in the early stages and 14 in
the late stages of treatment. The duration of interviews ranged from 7 to 35 minutes, with a median duration of
18 minutes. The average age of participants was 58.19 years, with 15 female patients and 23 individuals in stages
II-IV of the disease. Details of the demographic and clinical characteristics are presented in Table 2. The three
themes and eight subthemes identified in this study are summarized in Table 3.

Table 2. Demographic and clinical characteristics of the patients (n = 27)

Patient Age Gender Education Occupation i‘;lgci::; tlincisctz:;i;f Patl;;);(g)gical %
P2 34 Male Junior high school Unemployed No v 3 Early
P7 65 Female No formal education Farmer No I 2 Early
P9 59 Female Junior high school Farmer No v 1 Early
P10 53 Male Primary school Unemployed No v 2 Early
P11 50 Male Junior high school Laborer No il 3 Early

P13 66 Female College or Retired Yes v 2 Early
undergraduate
P14 50 Female Primary school Unemployed No v 2 Early
P17 78 Male Primary school Farmer No v 1 Early
P18 70 Male Junior high school Farmer Yes I 3 Early
P20 72 Female Junior high school Unemployed Yes v 1 Early
P21 58 Female Primary school Unemployed Yes v 3 Early
P22 60 Male Junior high school Unemployed No v 2 Early
P27 56 Female Primary school Unemployed Yes v 1 Early
Pl 69 Female Primary school Retired Yes I 4 Late
P3 57 Female College or Retired Yes v 4 Late
undergraduate
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Table 2 (Continued)

. : . Chemotherapy
Patient Age Gender Education Occupation Surgical l,"smry of  Pathological 7777 7
pancreatic cancer stage Cycle Stage
P4 56 Male College or Civil servant or No 1 4 Late
undergraduate corporate or institution staff
P5 61 Female ng}.l school or Retired Yes v 6 Late
vocational school
P6 41 Male College or Civil servant or No il 4 Late
undergraduate corporate or institution staff
P8 51 Female Primary school Unemployed Yes v 4 Late
P12 57 Female High school or Retired Yes v 4 Late
vocational school
P15 68 Male Primary school Laborer Yes v 4 Late
P16 54 Female Primary school Farmer Yes 1 5 Late
P19 54 Male High school or Farmer No v 5 Late
vocational school
P23 54 Female College or Civil servant or No I 6 Late
undergraduate corporate or institution staff
P24 61 Male Junior high school Laborer No v 4 Late
P25 55 Female ng}.l school or Retired Yes v 6 Late
vocational school
P26 62 Male Junior high school Retired No v 4 Late
Table 3. Themes and subthemes
Themes Subthemes Content
Pain
Fatigue
Lack of appetite
Varied symptom Nausea
presentation
Numbness
Fever
Itchy skin

Symptom experience
Dynamic symptom
perception

Fluctuations within a cycle
Variability between cycles

Perception of severity

Multidimensional symptom
impact

Emotion
Social interaction
Daily activity
Walking
Work
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Table 3 (Continued)

Themes Subthemes Content

External support as the Seeking medical attention proactively

main approach Seeking multifaceted support from healthcare providers, family members, and friends

Transforming behavioral patterns and lifestyle
Self-coping patterns

Self-care as the main Redirecting attention
approach Emotional regulation

Self-endurance

Insufficient feedback from healthcare providers

Accessing medical Resource constraints

resources Cumbersome disposal procedures

Inconvenient access to medical care

Negative attitude towards Imposing an additional burden on others

seeking support

Existing obstacles Barriers to effective communication

Improper medication usage
Insufficient awareness of
Lack of common knowledge
symptom management

Perceiving others as incapable of providing support or assistance

Facing challenges in Social impairments

emotional regulation Disorder of negative emotion management

3.2. Symptom experience

The symptoms experienced by the patients were notably diverse, affecting multiple bodily systems. Variations
were observed in the symptom presentation reported by patients at different stages of chemotherapy, as well as in
their perceptions of symptoms and their impact (Figure 1).

3.2.1. Varied symptom presentation
Patients reported a total of 27 distinct physical symptoms, with a median of six symptoms per individual. The
symptoms were categorized based on the International Classification of Functioning, Disability, and Health
(ICF) anatomical structures, encompassing eight neurological symptoms, 11 gastrointestinal symptoms, one
cardiovascular and respiratory symptom, three endocrine and metabolic symptoms, and four skin and related
structural symptoms. A detailed list of symptoms and their reporting percentages is provided in Figure 2.

Symptoms related to the nervous system, endocrine and metabolic systems, and skin structures were reported
more frequently during the early stages of chemotherapy.

P1 (69-year-old, female, cycle 4): “During the first two or three cycles, eating wasn t really affected, but later
it got worse. I started feeling nauseous, and food felt greasy and heavy.”

P5 (61-year-old, female, cycle 6): “I felt very weak, like my whole body was exhausted. My legs felt shaky
when I walked.”

P13 (66-year-old, female, cycle 2): “I'm constipated now. We ve tried everything, and I havent had a bowel
movement in three days.”

P22 (60-year-old, male, cycle 2): “The worst part is the pain. It hurts right here (touching the abdomen).”
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Neurological symptoms

Symptom presentation(early-stage)

‘Gastrointestinal symptoms

‘Cardiovascular and respiratory
symptoms
W Endocrine and metabolic symptoms

—I Skin and related structural symptoms
‘On the day of chemotherapy
Two days and beyond

Increased

Decreased

Physiological functioning

Psychological health
Social roles

External coping patterns

B>

Internal coping patterns

Accessing medical resources

Negative attitude towards seeking
support

(Gmas 2

awareness of symp
management

Facing challenges in emotional

regulation

Figure 1. Description of symptom experience, self-coping patterns, and existing obstacles in the early and late stages of
chemotherapy

Pain
Abdominal pain
Numbness
Sleep disturbance Neurological
Dizzy symptoms
Backache
Chest pain
Headache -
Lack of appetite
Nausea
Vomiting
Constipation Gastrointestinal
Taste change symptoms
Bloating
Diarrhea
Weight loss
Oil aversion
Belching _
Break wind =] Cardiovascular and
Fatigue respiratory symptoms
Dropsy 9
Fever
Chill -
Rash

Alopecia Skin and related
Uleer structural symptoms

Endocrine and metabolic
system symptoms

Itchy skin -
I T I T T T I I I T
0 10 20 30 40 50 60 70 80 90 100

Percentage of symptoms

Figure 2. Detailed list of symptoms reported by patients, accompanied by the prevalence percentage for each individual
symptom
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3.2.2. Dynamic symptom perception

The demanding nature of the chemotherapy regimen imposes significant physical and psychological burdens on
some patients. Variations in the onset and recovery of symptoms were observed both within the intervals between
treatment cycles and across different stages of chemotherapy.

Nineteen patients reported experiencing adverse reactions within two to three days of returning home, of
whom 12 were in the late stage of chemotherapy. Conversely, six patients noted the emergence of symptoms on
the day of treatment itself, with five of these patients being in the early stages of chemotherapy.

P6 (41-year-old, male, cycle 4): “Usually, symptoms showed up two to three days after chemo. After those
two or three days, they disappeared.”

P13 (66-year-old, female, cycle 2): “I throw up about a day after the chemo, thats usually the day it started.”

Symptoms generally subsided over a span of approximately one week; however, fatigue persisted as a chronic
issue for many.

P3 (57-year-old, female, cycle 4): “Fatigue is just part of the routine. It’s always been like this.”

P22 (60-year-old, male, cycle 2): “For example, I got the chemo today, and the worst is usually tomorrow
and the day after. It'll be around six or seven days before I start feeling better.”

Eleven patients reported increasingly severe or unpredictable symptoms as their treatment progressed.
Conversely, six patients described developing a gradual tolerance to the symptoms, with four of these patients
being in the early stages of chemotherapy.

P7 (65-year-old, female, cycle 2): “I had two cycles of chemotherapy before, and my stomach doesnt hurt as
much now. It feels like it's getting a bit better.”

P12 (57-year-old, female, cycle 4): “... By the third cycle, I couldn t recover for a week. By the fourth cycle,

’

when [ was supposed to rest for two weeks, I still couldn t recover in that time.’

3.2.3. Multidimensional symptom impact
The symptoms associated with chemotherapy had a multifaceted negative impact, affecting patients’ physiological
functioning, psychological well-being, and social roles.

Although differences in emotional distress between the early and late stages of chemotherapy were not clearly
captured, many patients reported psychological challenges, including negative emotions and social impairments
related to self-image and physical appearance. A total of 22 patients reported experiencing anxiety, irritability,
restlessness, and pessimism due to chemotherapy-related symptoms.

P7 (65-year-old, female, cycle 2): “I'm quick to lose my temper and snap when I'm feeling down.”

P15 (68-year-old, male, cycle 4): “I’'ve generally had a pretty good attitude, but this illness has really been
affecting me.”

P21 (58-year-old, female, cycle 3): “Even after just two or three days back home, I still didn t feel like eating.
1t left me feeling anxious and worried.”

Physiological challenges included difficulties with walking and performing daily activities, which were
reported more frequently by patients in the late stages of chemotherapy.

P11 (50-year-old, male, cycle 3): “I do walk around a bit, but mostly I stay in bed. When I get up to go to the
bathroom, I stumble around.”

P20 (72-year-old, female, cycle 1): “Anyway, I haven t really gone downstairs. We live on the fourth floor, so

1 just walk around the house a bit, eat, stand around, and I feel like I have no energy at all.”
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The impact on social roles was evident, with younger patients reporting work-related disruptions due to
discomfort.

P2 (34-year-old, male, cycle 3): “Because I have already stopped working.”

P19 (54-year-old, male, cycle 5): “I can't get a job again. No one wants to hire me for anything, not even for
picking up garbage.”

3.3. Self-coping patterns

Patients primarily employed two self-coping strategies when dealing with distressing symptoms: seeking external
support and engaging in self-care. These self-coping patterns varied depending on the stage of treatment (Figure 1).

3.3.1. External coping patterns

Some patients predominantly relied on external assistance to cope with their symptoms. The external coping
strategies included proactive healthcare engagement (20/27), seeking help from healthcare providers as well as
family and friends (9/27), and obtaining public information (4/27). For these patients, healthcare providers played
a significant role in alleviating unpleasant symptoms associated with chemotherapy.

P2 (34-year-old, male, cycle 3): “After my second round of chemo, I told my attending physician about my
insomnia, and he prescribed me some sleeping pills. I also mentioned that I had occasional abdominal pain, so he
gave me some painkillers.”

P7 (65-year-old, female, cycle 2): “My son and daughter-in-law told me that keeping up with nutrition is
important for my immune system, especially since chemo is so damaging. Theyd tell me what to eat and what to
buy each day.”

P11 (50-year-old, male, cycle 3): “What else can I do? I just take some medicine... get a prescription, take the
pills, and go see the doctor.”

P18 (70-year-old, male, cycle 3): “I've been watching a lot of educational videos; they all say to eat light, eat

whole grains, and cut back on main staples like rice.”

3.3.2. Internal coping patterns
Other patients adopted self-centered coping strategies, including behavioral and lifestyle modifications (12/27),
redirecting attention (8/27), and emotional regulation (6/27). These efforts were aimed at improving their overall
quality of life (QOL). Notably, 10 patients endured their suffering in silence, forming a group that warrants
significant attention and support in the future.

P5 (50-year-old, male, cycle 6): “I'd listen to audiobooks or music... just to take my mind off things and try to
relax a bit.”

P7 (65-year-old, female, cycle 2): “I'm worried that it’s getting worse. How will I manage? There are so
many rounds lefi, a few more cycles to go.”

P12 (57-year-old, female, cycle 4): “At home, I'd move around a bit and use a hot water bottle. That was
about it. What else could I do?””

P19 (54-year-old, male, cycle 5): “When I had symptoms, they would gradually go away. By then, I already
knew how it worked.”

P23 (54-year-old, female, cycle 3): “Actually, I think you can consult patients more from a psychological

perspective or guide them. I believe this is important.”
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3.3.3. Differences in self-coping patterns based on the stage of chemotherapy

Patients undergoing the initial three cycles of chemotherapy exhibited a cheerful outlook and were more inclined
to seek external support. There were six more patients in the early stages of chemotherapy who primarily
employed external coping strategies compared to those in the late stages. Conversely, patients who had undergone
more than three cycles of chemotherapy tended to manage their suffering independently, relying on self-care. In
the late stages of chemotherapy, patients were more oriented toward internal self-coping strategies compared to
those in the early stages.

3.4. Existing obstacles

Although patients often take proactive measures to manage unpleasant symptoms, they encounter various
obstacles in addressing their condition. A larger proportion of patients in the early stages of chemotherapy reported
challenges in accessing medical resources (14/27). Conversely, more patients in the late stages of chemotherapy
displayed a negative attitude toward seeking support (7/27) and demonstrated insufficient awareness of symptom
management (9/27). Emotional regulation disorders were observed across different stages of treatment (10/27).

3.4.1. Accessing medical resources

Patients frequently experienced physical discomfort during consultations and pharmacological interventions.
Due to the unique nature of their illnesses and treatment modalities, 14 patients encountered such challenges,
eight of whom were in the early stages of chemotherapy. These issues included insufficient or delayed
feedback from healthcare providers (6/27), resource constraints (4/27), and cumbersome medical procedures
(2/27).

P11 (50-year-old, male, cycle 3): “We've tried a lot of ways, but in the end, they just tell us to go to the
hospital. But when we get there, there's no available bed.”

P12 (57-year-old, female, cycle 4): “I asked the doctor, and they said these are just the side effects of
the treatment. There s nothing we can do.”

P20 (72-year-old, female, cycle 1): “The process is too complicated. They take so much blood at once,
three or four vials.”

In addition, some patients expressed frustration due to difficulties in accessing medical care (2/27).
Geographical distance from healthcare facilities often hindered their ability to obtain analgesics regularly and
address their concerns promptly.

PY (59-year-old, female, cycle 1): “We can ask other patients or doctors at the hospital, but when we go back
to our hometown, there's no one to ask.”

P22 (60-year-old, male, cycle 2): “I had to travel far just to get some painkillers. What can [ do?”

3.4.2. Negative attitude towards seeking support
Seven patients faced challenges in seeking external support from hospitals and family, with four of these
patients in the late stages of chemotherapy. Psychological burdens contributed to their reluctance to seek
assistance, as they were mindful of the busy schedules of healthcare providers and the additional strain on their
family members (4/27). Furthermore, stigma associated with their condition and communication barriers,
particularly in older patients, discouraged them from seeking help (3/27).

P1 (69-year-old, female, cycle 4): “When I got sick, the whole family started to revolve around me, and it just
added to the stress.’

’
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P2 (34-year-old, male, cycle 3): “I feel like if I can solve things on my own, [ wont have to bother my
Sfamily or the doctors and nurses.”

P5 (65-year-old, female, cycle 2): “I just feel like I don't want to interact with anyone, don't want to
communicate with others. It means I feel pretty lonely and isolated, you know? I guess I'm just feeling a bit down.”

3.4.3. Insufficient awareness of symptom management
Nine patients demonstrated a lack of understanding regarding effective symptom management, with six of
them primarily relying on internal self-coping strategies in the late stages of chemotherapy. Fear of
potential addiction to medications or the belief that such drugs might obscure critical bodily signals led some
patients to avoid using analgesics or sedatives (3/27). Many opted to endure discomfort until their physical
condition became untenable.

P10 (53-year-old, male, cycle 2): “I did buy those sleeping pills, the doctor prescribed me sleeping pills
and painkillers, but I haven t taken any. If [ start taking them, I'll have to rely on them all the time.”

P20 (72-year-old, female, cycle 1): “If I take the medicine, it’ll just mask the issues happening in my
body. So, I can't know what s wrong with my body.”

Additionally, some patients believed that others were incapable of offering meaningful support
(7/27), prompting them to reject counseling.

P12 (57-year-old, female, cycle 4): “The doctors don t really have a solution now. No matter how they try
to help, they can t solve these problems for me.”

3.4.4. Facing challenges in emotional regulation
Emotional regulation disorders were evenly distributed among patients at different stages of
chemotherapy. Many patients struggled to regulate their emotional states in response to distressing
symptoms (8/27). Anxiety over the potential ineffectiveness of treatments, fear of worsening conditions,
and uncertainty about future therapies, particularly when faced with severe adverse reactions, were common
concerns.

P7 (65-year-old, female, cycle 2): “I'm worried that it’s getting worse. How will I manage? There are
so many rounds left, a few more cycles to go.”

P13 (66-year-old, female, cycle 2): “I can't help but think about it—this pain here and there. Is it
spreading somewhere else?”

Feelings of inferiority, driven by fear of judgment or stigma, further discouraged social interactions (3/27).
P18 (70-year-old, male, cycle 3): “That’s why I don't want to tell people about this. In rural areas,
people tend to look down on it.”

5. Discussion

This study revealed that patients with pancreatic cancer experience a complex and diverse range of symptoms
during chemotherapy, with variations in their experiences and coping patterns at different stages
of treatment. Patients in the early stages of chemotherapy were more likely to adopt external self-coping
patterns to manage their symptoms, whereas those who had undergone more than three cycles of
chemotherapy tended to rely on internal self-coping strategies. These findings provide valuable insights
for healthcare providers, supporting the implementation of ongoing symptom monitoring and
personalized self-coping strategies.

Patients reported a wide range of physical symptoms affecting various systems during chemotherapy,

including the neurological, cardiovascular, gastroint@&inal, and other systems ', Symptoms related to the
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nervous, endocrine, metabolic systems, and skin structures were more prevalent among patients in the early stages
of chemotherapy compared to those in later stages. Additionally, patients in the early stages of chemotherapy
tended to perceive the onset of symptoms earlier than those in the later stages. This may be attributed to an
increased threshold for symptom perception as chemotherapy progresses, consistent with previous findings that
cancer patients’ perception of symptoms can change over time *”.

The diverse symptoms experienced by patients have multidimensional effects. Physiologically, walking
difficulties were more prevalent among patients in the late stages of chemotherapy, potentially linked to the prolonged
symptom burden and the coping strategies employed. Psychologically, the impact of symptoms was significant
but often overlooked by patients. Over time, emotional avoidance may inadvertently lead to a decline in quality of
life (QOL) ®. These findings underscore the importance of conducting symptom assessments at regular intervals
during chemotherapy. Frequent symptom assessments can provide critical insights into the patient’s physiological
condition and identify when interventions are needed outside the hospital. By employing high-frequency symptom
monitoring, variations and patterns in symptom severity can be accurately identified, enabling timely interventions to
mitigate adverse outcomes **. This study provides a qualitative foundation for the development of assessment tools
for patients with pancreatic cancer. Continuous symptom monitoring during consultations, combined with real-time
decision support, represents a promising strategy for addressing these challenges .

The findings also revealed that seeking external support was the primary self-coping strategy for patients
in the early stages of chemotherapy. These patients tended to adopt problem-focused coping strategies %,
driven by the fear of “unknown” consequences of treatment, as they were unfamiliar with chemotherapy during
its initial stages. In contrast, self-care emerged as the predominant coping approach among patients in the late
stages of chemotherapy. This strategy was not primarily focused on addressing specific problems but was instead
characterized by an emotion-focused approach. Previous studies have demonstrated that patients employing
problem-focused coping strategies tend to be more proactive, while those relying on emotion-focused strategies
are more likely to experience severe anxiety .

Patients face numerous obstacles in managing their symptoms due to both internal and external factors, which
persist throughout chemotherapy. These barriers are closely tied to the self-coping patterns patients adopt. It was
observed that a greater number of patients in the early stages of chemotherapy felt that support from healthcare
providers was insufficient, likely due to communication challenges and limited medical resources “**”. This aligns
with the finding that patients in advanced stages require more comprehensive care and support °*. In contrast,
some patients demonstrated a reluctance to seek help, choosing instead to endure discomfort silently due to
psychological burdens and a tendency to conceal their symptoms *”. Many of these patients preferred to manage
their discomfort independently.

By addressing the existing obstacles and understanding the self-coping patterns of patients, symptom
management can be significantly improved. Between chemotherapy sessions, timely access to support and
effective self-care are critical for recovery. Remote monitoring and management systems offer a promising

solution for alleviating the burden on healthcare providers while addressing patients’ needs in the future *”.

5. Limitations

Due to the characteristics of qualitative research and the late-stage diagnosis of pancreatic cancer, a larger
proportion of the participants interviewed were in the advanced stages of the disease. While the limited sample size
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may affect the representativeness of the findings, the study nonetheless captures specific disease characteristics.
The principle of data saturation was followed, with data collection ceasing when no new themes emerged.
Additionally, the retrospective nature of the interviews may have introduced recall bias. Future research should
consider adopting a longitudinal qualitative design or a quantitative approach to gain a more comprehensive

understanding of the symptom burden and barriers faced by patients with pancreatic cancer.

6. Conclusion

Patients with pancreatic cancer experience a multifaceted and dynamic spectrum of symptoms throughout
chemotherapy. Significant differences were observed between the early and late stages of chemotherapy in terms
of symptom experiences and self-coping patterns. Patients in the early stages exhibited heightened sensitivity
to symptoms and predominantly sought external support, whereas those in the late stages increasingly relied on
self-care strategies. These differing self-coping patterns were frequently associated with distinct obstacles to
symptom management. Enhancing collaboration among healthcare providers, families, and patients is essential.
Regular symptom monitoring during chemotherapy, identification of primary burdens at different stages, and
implementation of tailored management strategies aligned with patients’ preferred coping styles are crucial for

optimizing care and improving outcomes.
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Abstract: Objective: To evaluate the predictive value of secreted phosphoprotein 1 (SPPI) gene expression for
postoperative survival in patients with advanced liver cancer undergoing hepatic artery interventional chemoembolization
treatment. Method: Bioinformatics methods, including gene ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway analysis, were used to identify genes related to survival prognosis in hepatocellular carcinoma
(HCC) patients. A retrospective analysis of 115 advanced liver cancer patients treated between January 2016 and October
2017 was conducted. Patients were categorized into SPP/ high-expression (n = 89) and low-expression groups (n = 26).
Additionally, 115 healthy individuals served as the control group. The relationship between SPP/ expression and clinical
pathological features was analyzed. A 60-month follow-up and logistic regression analysis identified risk factors affecting
survival. Results: SPP1 mRNA expression was significantly higher in liver cancer patients compared to healthy controls (P
< 0.05). SPP1 expression levels were significantly associated with tumor size, Child-Pugh grading, lymph node metastasis,
and BCLC staging (P < 0.05). High SPPI expression, along with tumor size, Child-Pugh grading, lymph node metastasis,
and BCLC staging, were independent risk factors for survival (P < 0.05). The 60-month survival rate was 17.39%, with
a median survival of 40 months in the low-expression group versus 18 months in the high-expression group (P < 0.05).
Conclusion: SPP1 expression is significantly upregulated in advanced liver cancer patients and has predictive value for
postoperative survival following hepatic artery chemoembolization treatment. SPP1, combined with clinical indicators
such as tumor size, Child-Pugh grading, lymph node metastasis, and BCLC staging, may serve as a prognostic biomarker
for interventional treatment outcomes.
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1. Introduction

Liver cancer is one of the most prevalent malignant tumors worldwide, characterized by high incidence
and mortality rates. However, most patients with liver cancer seek medical attention only after the disease
has progressed to an advanced stage. Consequently, early diagnosis is of critical importance for effective
treatment "', Currently, alpha-fetoprotein (AFP) serves as a diagnostic biomarker for liver cancer, but it has
limitations in diagnostic accuracy. Studies indicate that 32% to 59% of liver cancer patients exhibit normal AFP
levels. Moreover, understanding the prognosis of cancer patients is crucial for improving their quality of life and
optimizing treatment strategies. This underscores the necessity of identifying novel, more accurate biomarkers to
enhance patient survival and prognosis.

Secretory phosphoprotein 1 (SPP1) is a chemokine-like glycoprotein secreted by cells and is recognized
as a significant mediator of tumor-associated inflammation. In prostate cancer research, SPP1 expression
has been shown to be significantly upregulated, contributing to the development of multidrug resistance and
complicating clinical management. Additionally, bioinformatics analyses have revealed that SPP1 expression
is markedly elevated in hepatocellular carcinoma tissues. However, the relationship between SPP1 expression
and postoperative survival in patients with advanced liver cancer remains unclear. This study aims to assess
the predictive value of SPPI gene expression for postoperative survival in patients with advanced liver cancer
undergoing hepatic artery interventional chemoembolization treatment.

2. Methods

2.1. Expression difference analysis

R software version 4.13 was used to process and convert the downloaded data for analysis. The “ggpuber” R
package was employed to analyze the differential expression of SPP1 mRNA between HCC tissue and normal
tissue. Statistical significance was considered at P < 0.05.

2.2. Survival analysis and clinical feature correlation analysis

SPP1 was divided into high-expression and low-expression groups based on the median SPP1 mRNA expression
in HCC tissue (median = 5.32768). The “survival” and “survivminer” R packages, along with Kaplan-Meier
curves, were used to analyze the relationship between SPP1I expression levels and the survival of HCC patients.
Univariate Cox regression analysis was conducted to evaluate the relationship between SPPI expression levels
and patient prognosis, and receiver operating characteristic (ROC) curves were plotted. Statistical significance was
defined as P < 0.05.

2.3. Differential gene analysis and functional enrichment analysis

Differential genes between the SPP1 high-expression and low-expression groups were identified using the “limma”
R package. Upregulated and downregulated genes underwent Gene Ontology (GO) biological function annotation
and Kyoto Encyclopedia of Genes and Genomes (KEGG) signaling pathway enrichment analysis using the
“circularize” and “clusterProfiler” R packages. Statistical significance was defined as P < 0.05, with the adjusted
P-value (P

adj

) and false discovery rate (FDR) g-value less than 0.05.
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2.4. Research subjects

A retrospective analysis was conducted on 115 patients with advanced liver cancer treated at the First Affiliated
Hospital of Xi’an Medical College from January 2016 to October 2017.

Inclusion criteria: (1) Patients meeting diagnostic and treatment criteria for liver cancer Y, aligned with
the American College of Hepatology or the European College of Hepatology guidelines; (2) Barcelona Clinic
Liver Cancer (BCLC) staging Phase B or C; (3) Underwent hepatic artery interventional chemoembolization; (4)
Possessed basic language and hearing abilities, with informed consent obtained from patients and families; (5) No
prior treatment before the study; (6) Karnofsky performance status exceeding 60 points.

Exclusion criteria: (1) Combined malignancies (e.g., gastric or lung cancer); (2) Severe abnormalities in liver,
kidney, or heart function; (3) Intolerance to hepatic artery chemoembolization; (4) Abnormal coagulation function
or infectious diseases.

Based on the optimal ROC-determined threshold value (SPP1 = 2.03), patients were divided into two groups:
the SPP1 low-expression group (26 cases, SPP1 <2.03) and the SPP1I high-expression group (89 cases, SPP1 >
2.03). A control group of 115 healthy individuals was also included. The study was approved by the hospital ethics
committee and adhered to relevant medical ethics principles.

2.5. Hepatic artery interventional chemoembolization

Patients received traditional hepatic artery interventional chemoembolization . An emulsion of 2-20 mL iodized
oil, doxorubicin (1040 mg), and mitomycin (2—10 mg) was injected selectively into the tumor’s feeding artery
via a hepatic artery catheter. Gelatin sponge or PVA particles were used for arterial embolization until blood flow
to the main feeding artery ceased. Enhanced CT scans were performed 4-8 weeks post-procedure. Patients with
residual active lesions and adequate liver function underwent repeated treatment as necessary.

2.6. Real-time fluorescence quantitative PCR (RT-PCR) for SPP1 detection

Peripheral blood mononuclear cells were collected from 8 mL of fasting venous blood from liver cancer patients
three days post-surgery and from healthy controls during physical exams. Density gradient centrifugation was
used for separation. RNA was extracted using the TRIZOL method, and RNA purity was assessed via UV
spectrophotometry (acceptable range: 1.8-2.1). Primer design was completed using Primer5 software, and SPP1

—AACT

mRNA expression was quantified using the 2 method, with GAPDH serving as the internal reference.

2.7. Observational indicators

The relationship between SPP1 expression and clinical-pathological characteristics was analyzed, including age, gender,
smoking history, tumor size, Child-Pugh grading ', lymph node metastasis, BCLC staging, and cirrhosis presence.

2.8. Follow-up

Patients were followed up through telephone or outpatient visits. The follow-up period began after surgical
treatment and lasted 60 months. Factors influencing patient survival were analyzed.

2.9. Statistical analysis

SPSS 24.0 software was used for data analysis. Metric data were expressed as mean + standard deviation (SD)
and analyzed using #-tests. Count data were expressed as [n (%)] and analyzed using y? tests. Logistic regression
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models identified risk factors influencing survival, while Kaplan-Meier survival curves assessed the relationship
between SPPI expression and prognosis. Statistical significance was defined as P < 0.05.

3. Results
3.1. Expression of SPP1 mRNA in HCC and normal tissues

The results demonstrated that the expression level of SPP1 mRNA was significantly increased in HCC tissues
compared to normal tissues (P < 0.05), as illustrated in Figure 1.
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Figure 1. SPPI expression level significantly increased in HCC tissue (P < 0.05)

3.2. Relationship between SPP1 expression levels and survival prognosis in HCC patients

Kaplan-Meier curve analysis revealed that the OS of HCC patients with low SPP/ expression was significantly
higher than that of patients with high SPPI expression (P < 0.005, Figure 2A). Univariate Cox regression
analysis demonstrated that the SPP/ expression level (OS:HR = 1.127, 95% CI: 1.072-1.184, P < 0.005) was an
independent risk factor for poor prognosis in HCC patients, as shown in Figure 2B.
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Figure 2. Relationship between SPP/ expression level and survival prognosis of HCC patients. (A) Kaplan-Meier analysis

of SPP1 survival curve. (B) Univariate Cox regression analysis of the relationship between SPP/ expression level and
prognosis in HCC patients.
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3.3. Differentially expressed genes and functional enrichment analysis

A total of 455 differentially expressed genes (DEGs) were identified between the high and low SPPI expression
groups, including 380 upregulated and 75 downregulated genes (Figure 3A). GO enrichment analysis indicated
that these DEGs were enriched in biological processes (BP) such as hormone metabolism, cellular components
(CCO) including extracellular matrix containing collagen, and molecular functions (MF) such as receptor-ligand
activity (Figures 3B-3D). KEGG pathway analysis demonstrated significant enrichment in pathways related to

neuroactive ligand-receptor interactions, bile secretion, and retinol metabolism (Figure 3E).
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Figure 3. Functional enrichment analysis of SPP/-related DEGs in HCC based on the GO and KEGG methods. (A)
Differential gene expression. (B—D) GO enrichment analysis. (E) KEGG pathway enrichment analysis.

0 12 “
EnrichmentS core (-logy(pvalue))

2 2N 3

[ L T

i

o9

LB
Cellular Component
colagen—contang extracelluiar : d
|
b
|
apical par &
&
®
microvaus.
o
EnrichmentScore (—logm(pvalue))
E
Pathway Analysis
ligand-recept
Sternid
ECM-receptor i
Chemi ~ DNA adducts
Salivary
Cylokine-cytokine recepior

50 75 10.0
EnrichmeniScore (—logo(pvalue))

Count
s w0
ax
[ ]
[ X

101

Volume 9; Issue 1



3.4. Comparison of SPP1 mRNA expression between patients with liver cancer and the
control group

The expression level of SPP1 mRNA in peripheral blood mononuclear cells of patients with liver cancer was
significantly higher than that of the healthy control group (P<0.05), as presented in Table 1.

Table 1. Comparison of SPP1 mRNA expression between liver cancer patients and the healthy control group

Group n SPP1 mRNA
Liver cancer group 115 5.15+1.23
Healthy control group 115 1.38+0.20
t 32.443
P <0.001

3.5. Correlation between SPP1 expression and clinicopathological characteristics

Patients in the high-expression group of SPP/ demonstrated statistically significant differences in tumor size,
Child-Pugh grading, lymph node metastasis, and BCLC staging (P < 0.05). No statistically significant differences
were observed for age, gender, smoking history, or cirrhosis (P > 0.05), as shown in Table 2.

Table 2. Relationship between SPP1 expression and clinicopathological characteristics of advanced HCC

patients.
SPP1
Indicator n x P
Low expression group (n = 26) High expression group (» = 89)
Age (years) 1.663 0.197
<55 67 18 (69.23) 49 (55.06)
>55 48 8(30.77) 40 (44.94)
Gender 0.087 0.768
Female 56 12 (46.15) 44 (49.44)
Male 59 14 (53.85) 45 (50.56)
Smoking history 1.311 0.252
Yes 55 15 (57.69) 40 (44.94)
No 60 11 (42.31) 49 (55.06)
Tumor size (cm) 11.440 0.001
<5 39 16 (61.54) 23 (25.84)
>5 76 10 (38.46) 66 (74.14)
Child-Pugh Classification 7.443 0.006
A 71 22 (84.62) 49 (55.06)
B+C 44 4 (15.38) 40 (44.94)
Lymphatic metastasis 5.151 0.023
Yes 44 5(19.23) 39 (43.82)
No 71 21 (80.77) 50 (56.18)

102 Volume 9; Issue 1



Table 2 (Continued)

SPP1
Indicator n e P
Low expression group (n = 26) High expression group (n = 89)

BCLC Staging 6.169 0.013
Stage B 55 18 (69.23) 37 (41.57)
Stage C 60 8 (30.77) 52 (58.43)

Liver cirrhosis 0.530 0.467
Yes 46 12 (46.15) 34 (38.20)
No 49 14 (53.85) 55(61.80)

3.6. Univariate analysis of survival in patients with advanced liver cancer

Univariate analysis revealed statistically significant differences (P < 0.05) between the survival and death groups
in terms of tumor size, Child-Pugh grading, lymph node metastasis, BCLC staging, and SPP/ expression, as
detailed in Table 3.

Table 3. Univariate analysis of survival in patients with advanced liver cancer

Indicator n Survival group (n = 20) Death group (n =95) t P

Age (years) 0.452 0.501

<55 67 13 (65.00) 54 (56.84)

>55 48 7 (35.00) 41 (43.16)
Gender 0.017 0.898

Female 56 10 (50.00) 46 (48.42)

Male 59 10 (50.00) 49 (51.58)
Smoking history 0.594 0.441

Yes 55 8 (40.00) 47 (49.47)

No 60 12 (60.00) 48 (50.53)
Tumor size (cm) 7.351 0.007

<5 39 12 (40.00) 27 (28.42)

>5 76 8 (60.00) 68 (71.58)
Child-Pugh Classification 5.546 0.019

A 71 17 (85.00) 54 (56.84)

B+C 44 3 (15.00) 41 (43.16)
Lymphatic metastasis 8.186 0.004

Yes 44 2 (10.00) 42 (44.21)

No 71 18 (90.00) 53 (55.79)
BCLC staging 4.771 0.029

Stage B 55 14 (70.00) 41 (43.16)

Stage C 60 6 (30.00) 54 (56.84)
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Table 3 (Continued)

Indicator n Survival group (n = 20) Death group (n =95) t P
Liver cirrhosis 1.009 0.315
Yes 46 6 (30.00) 40 (42.11)
No 69 14 (70.00) 55(57.89)
SPP1 19.345 < 0.001
Low expression 26 12 (60.00) 14 (14.74)
High expression 89 8 (40.00) 81 (85.26)

3.7. Multivariate analysis of survival in patients with advanced liver cancer

Logistic regression analysis identified tumor size, Child-Pugh grading, lymph node metastasis, BCLC staging, and
high SPP1 expression as independent risk factors affecting survival (P < 0.05), as summarized in Table 4.

Table 4. Multivariate analysis of survival in patients with advanced liver cancer

Indicator B SE ‘Wald P OR (95% CI)
Tumor size (cm) 1.213 0415 6.605 0.023 3.751 (1.375-10.215)
Child-Pugh Classification 2.112 0.649 11.107 0.004 8.189 (2.267-18.233)
Lymphatic metastasis 1.112 0.469 4.718 0.012 2.771 (1.115-7.027)
BCLC Staging 0.998 0.511 3.781 0.026 2.752 (1.995-7.382)
SPPI high expression 1.326 0.570 7.852 0.033 5.412 (1.236-10.749)

3.8. SPP1 expression and survival prognosis

Follow-up was conducted over a 60-month period for the 115 patients included in the study, resulting in a survival
rate of 17.39% (20/115). Kaplan-Meier survival curve analysis revealed that the median survival time for the low
SPP] expression group was 40 months, significantly longer than the 18 months observed for the high-expression
group (P < 0.05), as shown in Figure 4.
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Figure 4. Kaplan-Meier analysis of the relationship between SPP/ expression levels and survival prognosis
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4. Discussion

Liver cancer ranks as the sixth most commonly diagnosed cancer and the fourth leading cause of cancer-related
deaths globally. According to relevant statistics |, the incidence rate of liver cancer is highest in East Asia,
accounting for 35.5% of the global cases. The pathogenesis of liver cancer is complex and multifactorial. Chronic
hepatitis B virus, hepatitis C virus, aflatoxin-contaminated food, excessive alcohol consumption, smoking, and
type 2 diabetes are significant risk factors associated with liver cancer development ). Modern medical research
has demonstrated that the liver possesses a low level of pain sensation, and even when liver disease occurs, the
body often fails to detect it through pain feedback mechanisms ”. As a result, the clinical manifestations of liver
disease are relatively subtle. Consequently, many patients with liver cancer are diagnosed only in the advanced
stages, leading to a poor prognosis. Therefore, early identification of diagnostic and prognostic markers for liver
cancer is essential for improving diagnostic accuracy, enhancing treatment efficacy, improving patient outcomes,
and reducing mortality rates.

SPP1, a crucial extracellular matrix component, is secreted by various cell types, including tumor cells,
immune cells, fibroblasts, osteoclasts, smooth muscle cells, lymphocytes, and epithelial cells "'”. Studies have
revealed that the upregulation of SPP/ in tumor tissues and plasma correlates with poor prognosis in patients with
various cancers "'\, The findings of this study indicated that the expression level of SPP] is significantly elevated
in advanced liver cancer tissues. Furthermore, SPPI expression is closely associated with tumor size, Child-Pugh
grading, lymph node metastasis, BCLC staging, and patient survival prognosis. Analyzing the expression level
of SPPI may, therefore, hold significant value in evaluating disease progression and predicting patient survival
outcomes.

Additionally, the study identified tumor size, Child-Pugh grading, lymph node metastasis, BCLC staging,
and high SPP1 expression as independent risk factors affecting survival in patients with advanced liver cancer.
Advanced liver cancer often entails large tumor size or metastasis, which increases treatment complexity and
mortality risk. Specifically, larger liver tumors exhibit higher growth rates, greater invasiveness, and stronger
metastatic potential. These larger tumors are more prone to invading adjacent blood vessels and tissues,
leading to complications such as liver dysfunction, portal hypertension, and ascites, ultimately increasing the
risk of mortality "*. The Child-Pugh scoring system remains a critical tool for evaluating liver function. Higher
Child-Pugh grades indicate progressively severe liver dysfunction and diminishing therapeutic effectiveness .
Furthermore, lymphangiogenesis and lymph node metastasis serve as crucial prognostic indicators for malignant
hepatobiliary tumors and are closely linked to poorer outcomes. The liver produces approximately 25% to 50% of
the body’s lymphatic fluid and contains an extensive lymphatic network. The lymphatic system plays an integral

.. . [14]
role in immune and inflammatory responses * .

Luan et al. ™

reported a negative correlation between SPP/ expression and overall survival in patients with
lung adenocarcinoma, noting its association with clinical stage, lymph node metastasis, and survival status. Their
findings suggest that SPPI could serve as a valuable molecular marker for the diagnosis, treatment, and prognosis
evaluation of lung adenocarcinoma. Similarly, the Kaplan-Meier survival curve analysis in this study demonstrated
that patients with low SPPI expression exhibited longer survival periods. This finding underscores the significant
correlation between elevated blood SPP! expression and poorer prognosis in patients with advanced liver cancer
following hepatic artery interventional chemotherapy embolization. Thus, SPP/ may be a valuable biomarker for
predicting prognosis.

This study, however, has certain limitations. The research duration was relatively short, and the sample size
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was comparatively small. Additionally, the mechanism through which SPP! influences survival prognosis in
patients with liver cancer remains unclear. Future research should focus on elucidating the underlying mechanisms
and exploring the development of SPPI-targeted therapies for liver cancer treatment.

5. Conclusion

SPP1 is significantly upregulated in advanced liver cancer tissues and holds potential value in predicting the
survival outcomes of patients with advanced liver cancer undergoing hepatic artery chemoembolization treatment.
SPP1I is anticipated to serve as a potential prognostic indicator for evaluating the outcomes of interventional
treatments. Furthermore, it can be utilized in conjunction with clinical indicators, including tumor size, Child-Pugh
grading, lymph node metastasis, and BCLC staging, to predict or assess the postoperative survival of patients with
liver cancer.
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Abstract: Objective: To analyze the clinical efficacy and safety of toripalimab combined with the GC chemotherapy
regimen in the treatment of advanced urothelial carcinoma. Methods: A retrospective study was conducted on 102 patients
with advanced urothelial carcinoma treated at our hospital between March 2021 and August 2024. Based on treatment
regimens, patients were divided into a chemotherapy group (n = 52) and a combination group (n = 50). The chemotherapy
group received the GC chemotherapy regimen, while the combination group received GC chemotherapy combined with
toripalimab. Both groups underwent 4—6 cycles of treatment based on patient tolerance. Clinical efficacy, immune-related
factor levels, survival outcomes, and safety were observed and compared. Results: The disease control rate (DCR) and
overall response rate (ORR) in the combination group were slightly higher than those in the chemotherapy group, but the
differences were not statistically significant (P > 0.05). After treatment, levels of IFN-y and IL-2 increased significantly,
while VEGF levels decreased significantly in both groups (P < 0.05), with superior outcomes observed in the combination
group (P < 0.05). Follow-up analysis showed progression-free survival (PFS) and median overall survival (OS) in the
chemotherapy group were 5.19 and 10.15 months, respectively, compared to 8.24 and 18.23 months in the combination
group, with statistically significant differences (P < 0.05). During treatment, the incidence of adverse reactions such
as rash, immune-related pneumonia, and immune-related diarrhea was higher in the combination group than in the
chemotherapy group (P < 0.05). However, the incidence of gastrointestinal reactions, fever, and leukopenia did not differ
significantly between the two groups (P > 0.05). Conclusion: The use of toripalimab combined with the GC chemotherapy
regimen for advanced urothelial carcinoma can effectively improve clinical outcomes and extend patient survival, with
good overall safety. However, attention should be given to preventing adverse reactions such as rash and pneumonia during

treatment.
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1. Introduction

Urothelial carcinoma (UC) arises from the epithelial tissues of the renal calyces, renal pelvis, bladder, and ureters,
and is one of the most common tumors, accounting for 5-10% of urinary tract malignancies. It is associated with
poor prognosis and high recurrence and metastasis rates !'’. UC often presents without obvious early clinical
symptoms, and most patients are diagnosed at an advanced stage, missing the optimal treatment window. For
patients with advanced UC who cannot undergo surgical resection, systemic chemotherapy remains the primary
treatment approach.

Clinical studies have shown that the gemcitabine-cisplatin (GC) chemotherapy regimen improves patient
prognosis with a relatively low incidence of adverse reactions *. However, long-term survival outcomes following
this regimen remain suboptimal, necessitating the exploration of more effective therapeutic strategies.

In recent years, immunotherapy has emerged as one of the most successful approaches for UC treatment
and is now the standard of care for both in situ urothelial carcinoma and superficial bladder tumors . This
study retrospectively analyzed the clinical data of UC patients to evaluate the clinical efficacy and safety of
immunotherapy combined with the GC chemotherapy regimen in treating advanced UC.

2. Materials and methods

2.1. General information

A retrospective study was conducted on 102 patients with advanced urothelial carcinoma treated at our hospital
from March 2021 to August 2024. Based on treatment regimens, patients were divided into a chemotherapy group
(n =152) and a combination group (n = 50). In the chemotherapy group, there were 29 males and 23 females, aged
50-80 years, with an average age of (64.32 + 6.22) years. Cancer types included ureteral cancer (6 cases), renal
pelvic cancer (4 cases), bladder cancer (40 cases), and others (2 cases). The Karnofsky Performance Status (KPS)
scores ranged from 65 to 90 points [4], with an average score of (74.91 + 4.57) points. In the combination group,
there were 30 males and 20 females, aged 52—80 years, with an average age of (65.01 = 5.96) years. Cancer types
included ureteral cancer (5 cases), renal pelvic cancer (5 cases), bladder cancer (39 cases), and others (1 case).
KPS scores ranged from 63 to 90 points, with an average score of (76.14 + 6.03) points. The baseline data of the
two groups were comparable (P > 0.05). This study was approved by the hospital ethics committee.

2.2. Inclusion and exclusion criteria

Inclusion criteria:
(1) Pathologically confirmed urothelial carcinoma "',
(2) Clinical stage III B to IV.
(3) Ineligible for surgery or showing recurrence/metastasis after surgery.
(4) Eastern Cooperative Oncology Group (ECOG) performance score of 0-2.
(5) KPS score > 60 points.
(6) Estimated survival time > 3 months.
Exclusion criteria:
(1) Severe damage to other vital organs.
(2) Autoimmune or hematological diseases.

(3) Brain metastasis.
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(4) History of immunotherapy.
(5) Poor compliance or cooperation during treatment and follow-up.
Elimination criteria:

(1) Patients with an estimated survival quality of <3 months.

2.3. Methods

The chemotherapy group received the GC chemotherapy regimen: gemcitabine (2,500 mg/m?) on days 1 and 8,
and cisplatin (70 mg/m?) on day 2. Each chemotherapy cycle was 21 days.

The combination group received GC chemotherapy as described above, combined with immunotherapy using
toripalimab (240 mg) every 2 weeks via intravenous infusion.

Both groups underwent 4-6 cycles of treatment based on patient tolerance. During cisplatin administration,
adequate hydration was ensured to maintain urine output > 2,000 mL/day. Blood counts and liver and kidney
function were monitored regularly during chemotherapy. In cases of thrombocytopenia or leukopenia, treatment
with hematopoietic growth factors was initiated. Symptomatic treatments, including fluid replacement and

antiemetics, were provided for adverse reactions.

2.4. Observational indicators and evaluation criteria

The study assessed clinical efficacy, immune-related factor levels, survival outcomes, and safety in both groups:

(1) Clinical efficacy: Assessed according to the WHO criteria for solid tumors, including progressive disease
(PD), stable disease (SD), partial response (PR), and complete response (CR). Disease control rate (DCR)
= (SD + PR + CR cases) / total cases x 100%. Objective response rate (ORR) = (PR + CR cases) / total
cases x 100% .

(2) Immune-related factor levels: Peripheral blood samples were collected before treatment and after 4
treatment cycles. Serum levels of interferon-gamma (IFN-y), interleukin-2 (IL-2), and vascular endothelial
growth factor (VEGF) were measured using enzyme-linked immunosorbent assay (ELISA) kits.

(3) Survival outcomes: Patients were followed monthly after treatment to assess survival. Progression-free
survival (PFS) was defined as the time from treatment initiation to disease progression. Overall survival (OS)
was defined as the time from treatment initiation to death due to cancer. The follow-up lasted for 1 year.

(4) Safety: Adverse events during treatment were analyzed, including gastrointestinal reactions, fever, leukopenia,

and immune-related adverse events (e.g., rash, immune-related pneumonia, immune-related diarrhea).

2.5. Statistical analysis

SPSS 26.0 was used for statistical analysis. Measurement data (mean + standard deviation) were analyzed using
t-tests, while categorical data [n (%)] were analyzed using > tests. A P-value < 0.05 was considered statistically
significant.

3. Results

3.1. Comparison of clinical efficacy between the two groups

The DCR and ORR in the combination group were slightly higher than those in the chemotherapy group, but the
differences were not statistically significant (P > 0.05). See Table 1.
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Table 1. Comparison of clinical efficacy between the two groups [n (%)]

Group PD SD PR CR DCR ORR
Chemotherapy (n = 52) 18 (34.62) 10 (19.23) 22 (42.31) 2(3.85) 34 (65.38) 17 (32.69)
Combination (n = 50) 17 (34.00) 14 (28.00) 19 (38.00) 0(0.00) 36 (72.00) 19 (38.00)

. 0.518 0.314

P 0.472 0.575

3.2. Comparison of immune-related factor levels between the two groups

Before treatment, there were no significant differences in IFN-y, IL-2, and VEGF levels between the two groups

(P > 0.05). After treatment, both groups showed significant increases in [FN-y and IL-2 levels and significant

decreases in VEGF levels (P < 0.05). The combination group exhibited superior changes compared to the
chemotherapy group (P < 0.05). See Table 2.

Table 2. Comparison of immune-related factor levels between the two groups (mean + SD)

IFN-y (ng/L) IL-2 (ng/mL) VEGF (ng/L)
Group tr]:;tf::lr:n ¢ After treatment trl:;f::]r:n " After treatment trl:::r(:lr:n ¢ After treatment
Chemotherapy (n = 52) 1.17+0.19 3.51+£0.77* 1.98 +£0.52 12.33 +£2.01* 3497 +4.46 18.32 +1.89%
Combination (n = 50) 1.14+0.33 34.82 £4.47* 2.04+0.47 176.44 £19.22%¥  36.02+5.01 9.66+1.71*
t 0.565 49.758 0.611 61.237 1.119 24.236
P 0.573 <0.001 0.543 <0.001 0.266 <0.001

*Note: Comparison within the same group before and after treatment, P < 0.05.

3.3. Survival analysis

Follow-up results showed that the PFS and median OS in the chemotherapy group were 5.19 and 10.15 months,

respectively, compared to 8.24 and 18.23 months in the combination group. The differences were statistically
significant (P < 0.05). See Figure 1.
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Figure 1. PFS (left) and OS (right) of patients in the two groups
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3.4. Comparison of adverse reaction incidence between the two groups

During treatment, the incidence of rash, immune-related pneumonia, and immune-related diarrhea was higher in
the combination group compared to the chemotherapy group (P < 0.05). There were no significant differences in
the incidence of gastrointestinal reactions, fever, or leukopenia between the two groups (P > 0.05). See Table 3.

Table 3. Comparison of adverse reaction incidence between the two groups [n (%)]

Grou Gastrointestinal Fever Leukopenia Rash Immune-related Immune-related
P reactions P pneumonia diarrhea
Che(r;iﬂ;;r)apy 14 (26.92) 22 (42.31) 7 (13.46) 3(3.85) 1(1.92) 4(7.69)
C"gi“?&;"n 13 (26.00) 19 (38.00) 10 (20.00) 11 (22.00) 8 (16.00) 13 (26.00)
P 0.011 0.197 0.785 5.671 6.279 6.151
0.916 0.657 0.376 0.017 0.012 0.013

4. Discussion

Patients with advanced urothelial carcinoma often present with clinical symptoms such as weight loss, fatigue,
hematuria, and difficulty urinating, which severely impact their safety and quality of daily life . Various
chemotherapy regimens have demonstrated certain clinical efficacy in treating urothelial carcinoma. Among
these, the GC chemotherapy regimen has become the first-line treatment due to its high efficacy and relatively
low incidence of adverse reactions *'. Studies using the GC regimen for advanced bladder cancer have shown an
objective survival rate of approximately 35% and a median survival time of 14 months .. However, despite its
efficacy, the long-term survival benefits of the GC regimen remain limited, necessitating further improvements in
treatment strategies.

In recent years, immunotherapy has garnered attention for its efficacy in cancer treatment. This approach
activates antitumor immunity and reduces tumor immune evasion, offering hope for extending patient survival.
Toripalimab, a recombinant humanized anti-PD-1 monoclonal antibody injection, binds with high affinity to
PD-1 and selectively blocks the interaction between PD-1 and PD-L1, reactivating T cells and enhancing tumor
cytotoxicity. It has been successfully applied in cancers such as liver and gastric cancers, with notable therapeutic
effects "',

In this study, the combination group achieved a DCR of 72.00% and an ORR of 38.00%, higher than the
chemotherapy group (65.38% and 32.69%, respectively), though the differences were not statistically significant
(P > 0.05). Additionally, follow-up results revealed that the PFS and median OS in the combination group were
8.24 and 18.23 months, respectively, significantly longer than those in the chemotherapy group (P < 0.05). These
findings suggest that GC combined with toripalimab effectively improves ORR and extends survival in patients
with advanced urothelial carcinoma.

The study also showed that VEGF levels significantly decreased in both groups after treatment, with a
more pronounced reduction in the combination group. VEGF is closely associated with tumor angiogenesis and
is significantly related to tumor metastasis and progression. These results indicate that toripalimab combined
with GC chemotherapy can inhibit tumor neovascularization. Moreover, levels of IFN-y and IL-2 increased
after treatment. This can be attributed to the GC regimen: gemcitabine enhances cisplatin’s chemosensitivity
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and promotes immunogenic cell death in tumors. The action of the PD-1 inhibitor enhances the recognition and
presentation of tumor antigens by dendritic and macrophage cells, leading to increased levels of IFN-y and IL-2.
These changes recruit and activate large numbers of T cells and cytotoxic cells, improving immune function and
thus enhancing treatment efficacy and prolonging survival ',

Regarding safety, patients treated with the combination of toripalimab and chemotherapy experienced
higher incidences of rash, immune-related pneumonia, and immune-related diarrhea. However, the incidences of
gastrointestinal reactions, fever, and leukopenia were comparable between the two groups. This highlights the need
for effective measures to prevent rash, pneumonia, and other adverse events to ensure medication safety during

treatment with the combination regimen.

5. Conclusion

In conclusion, the combination of the GC chemotherapy regimen with toripalimab effectively improves clinical
outcomes and extends survival in patients with advanced urothelial carcinoma while maintaining acceptable
safety. However, attention should be given to preventing adverse reactions such as rash and pneumonia to ensure
treatment safety.
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Abstract: Objective: To explore a simple method for improving the diagnostic accuracy of malignant lung nodules based
on imaging features of lung nodules. Methods: A retrospective analysis was conducted on the imaging data of 114 patients
who underwent lung nodule surgery in the Thoracic Surgery Department of the First People’s Hospital of Huzhou from
June to September 2024. Imaging features of lung nodules were summarized and trained using a BP neural network.
Results: Training with the BP neural network increased the diagnostic accuracy for distinguishing between benign and
malignant lung nodules based on imaging features from 84.2% (manual assessment) to 94.1%. Conclusion: Training with
the BP neural network significantly improves the diagnostic accuracy of lung nodule malignancy based solely on imaging
features.

Keywords: Lung nodule; Malignant lung tumor; Neural network; Chest CT
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1. Introduction

Lung cancer, as a cancer type with an increasing incidence rate ', poses severe consequences and high mortality
if not treated promptly . Early screening and treatment are therefore of great significance . Chest CT, as the
most important examination for detecting lung nodules '*), has been widely implemented as part of routine physical
check-ups in recent years. However, lung nodules identified on chest CT can be either benign or malignant. Benign
solitary lung nodules are often granulomatous lesions or hamartomas. Unless the nodules are large and cause
compression symptoms, surgical treatment of such benign nodules does not benefit patients. Therefore, in addition
to detecting lung nodules, distinguishing between benign and malignant nodules is a critical aspect of chest CT
interpretation .

This study aims to assess the lung cancer positivity rate among surgical lung nodule cases handled in our
department and to summarize a straightforward machine-learning-assisted diagnostic method suitable for clinical

application.
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2. Materials and methods

This study was approved by the Ethics Committee of the First People’s Hospital of Huzhou. It included 114
patients who underwent lung nodule surgery at the hospital from June to September 2024.

Inclusion criteria: (1) Completion of preoperative chest CT examination at this hospital; (2) Clear pathological
diagnosis after surgery.

Exclusion criteria: (1) Resection of small, non-primary lesions; (2) Unclear pathological diagnosis after
surgery.

Chest CT interpretation and data collection were independently completed by three thoracic surgeons from
the research team. The final data was confirmed after verifying the consistency of the results. The imaging features
of lung nodules, including lobulation, spiculation, burr sign, pleural indentation, vacuole sign, and ground-glass
opacity (Figure 1), were recorded. Positive features were recorded as 1, and negative features as 0. Pathological
results were recorded as 1 for malignant and O for benign.

General information such as the gender and age of the surgical patients was compiled, and the proportion
of malignant nodules among the surgical cases was recorded. The proportions of ground-glass opacity, burr sign,
spiculation, vacuole sign, lobulation, and pleural indentation were calculated and compared between benign and
malignant groups.

Statistical methods: §? tests were used for statistical analysis, performed using SPSS 21.0 software.

Neural network algorithm: A Back Propagation (BP) neural network was selected for analysis. Its architecture
includes an input layer, a hidden layer, and an output layer.

(1) The input layer consisted of six neurons, corresponding to six imaging features of lung nodules from chest

CT scans.

(2) The hidden layer contained seven neurons, chosen based on MATLAB’s official recommendations.

(3) The output layer consisted of two neurons, corresponding to benign or malignant nodules (Figure 2).

The dataset was divided into training, validation, and testing sets, with proportions of 70%, 15%, and 15%,
respectively. The training was performed using the conjugate gradient algorithm. The entire training process was
conducted using MATLAB 2022b software.

M
D

Figure 1. (A) Ground-glass opacity; (B) Burr sign; (C) Spiculation; (D) Vacuole sign; (E) Lobulation; (F) Pleural

indentation
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Figure 2. The BP neural network consists of three layers: input, hidden, and output. The data flows from the input layer
to the hidden layer, where it is multiplied by weights (w) and added to biases (b), then passed through a sigmoid function
to the output layer. Similarly, in the output layer, the data undergoes multiplication by weights and the addition of biases
before being passed through a sigmoid function. The squared error between the output value and the expected value is
back-propagated to calculate the partial derivatives of weights for each neuron, which are adjusted accordingly. The
network learning ends when the error reaches the expected value.

3. Results

3.1. Basic information

Among the 114 patients included, 47 were male (42.23%), and 67 were female (57.77%), with an average age of
64.25 + 12.21 years. Postoperative pathological results showed 96 cases of malignancy (84.21% of the total) and
18 cases of benign lesions (Table 1).

Among the cases, ground-glass opacity, burr sign, spiculation, vacuole sign, lobulation, and pleural
indentation were observed in 79.17%, 62.50%, 70.83%, 28.13%, 65.63%, and 28.13% of patients, respectively.
For patients with benign nodules, these features appeared at rates of 16.67%, 33.33%, 55.56%, 55.56%,
27.78%, and 22.22%, respectively. A comparison between the two groups showed that ground-glass opacity,
burr sign, spiculation, vacuole sign, and lobulation were more frequently observed in patients with lung cancer,
with statistical significance (P < 0.05). Although pleural indentation was more common in malignant cases,
the difference was not statistically significant (P = 0.609, Table 2). This may be because many lung nodules,

whether malignant or benign, were not located near the pleural surface, which limited the manifestation of pleural
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indentation. Subgroup analysis focusing on nodules on the pleural surface revealed that malignant nodules were
significantly more likely to exhibit pleural indentation than benign ones (P < 0.05, Table 3).

Table 1. Gender, age, and proportion of malignant nodules in 114 patients

Gender Postoperative pathology
Age (years)
Male Female Malignant Benign
47 (42.23%) 67 (57.77%) 64.25+12.21 96 (84.21%) 18 (15.79%)

Table 2. Proportions of imaging features in 114 patients and comparison between malignant and benign groups

Malignant Benign
Feature P value
n % n %
Ground-glass 76 79.17% 3 16.67% 2.32E-08
Burr sign 60 62.50% 6 33.33% 0.021
Spiculation 68 70.83% 1 55.56% 3.93E-08
Vacuole 27 28.13% 1 55.56% 0.0416
Lobulation 63 65.63% 5 27.78% 0.002
Pleural indentation 27 28.13% 4 22.22% 0.609

Table 3. Comparison of pleural surface nodules with pleural indentation in malignant and benign groups

Malignant Benign
Item P value
n % n %

Pleural indentation 27/35 87.10% 4/9 44.44% 0.038

3.2. Neural network training results

Cross-entropy, a measure of the difference between two probability distributions, was used to evaluate the
predictive model’s deviation from actual results. In the training, validation, and testing sets, the cross-entropy
values were 0.0375, 0.0588, and 0.0375, respectively, indicating high agreement between the predictive model and
actual data (Table 4).

The BP neural network achieved a diagnostic accuracy of 96.2% for malignant lung nodules in the training
set, 100% in the validation set, and 94.1% in the testing set (Table 5).

Table 4. Cross-entropy and error values for neural network training

Observation Cross-entropy Error value
Training 80 0.0765 0.0375
Validation 17 0.0239 0.0588
Testing 17 0.1193 0.0375
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Table 5. Confusion matrices of BP neural network training results

Training confusion matrix

Validation confusion matrix

66 2 97.1% 15 0 100%
82.5% 2.5% 2.9% 88.2% 0.0% 0.0%
1 11 91.7% 0 2 100%
Output Output
class 1.2% 13.8% 8.3% class 0.0% 11.8% 0.0%
98.5% 84.6% 96.2% 100% 100% 100%
1.5% 15.4% 3.7% 0.0% 0.0% 0.0%
1 2 1 2
Target class Target class
Testing confusion matrix Cumulative confusion matrix
14 1 93.3% 95 3 96.9%
82.4% 5.9% 6.7% 83.3% 2.6% 3.1%
0 2 100% 1 15 93.8%
Output Output
class 0.0% 11.8% 0.0% class 0.9% 13.2% 6.2%
100% 66.7% 94.1% 99.0% 83.3% 96.5%
0.0% 33.3% 5.9% 1.0% 16.7% 3.5%
1 2 1 2

Target class

Target class

4. Discussion

Interpreting lung nodule imaging is undoubtedly a fundamental skill for thoracic surgeons, who are directly
responsible for determining the surgical indications for lung nodules. Most lung nodule surgeries aim to address
malignancy concerns and proceed with radical lung cancer surgery. Thoracic surgeons assess the benign or
malignant nature of lung nodules primarily through chest CT imaging, focusing on reading the radiographic
characteristics of the nodules '’ These include lobulation, spiculation, burr sign, pleural indentation, air
bronchogram, calcification, ground-glass opacity, solid components, and mixed features, among others . While
individual imaging features may have statistical significance in predicting malignancy, they are insufficient for
definitive characterization. Determining malignancy requires a combination of multiple features, which introduces
ambiguity and inevitably leads to misdiagnosis or missed diagnoses . In this study, the positive rate of lung
cancer among surgical patients with lung nodules was only 84.2%. This indicates room for improvement, and the
identification of malignant lung nodules requires additional diagnostic tools.

Artificial intelligence (AI) aims to mimic human thought processes *', performing specific tasks via computer
systems to enhance its performance. Al has been widely applied in areas such as image recognition and natural
language processing. Its general principle involves setting a loss function, where the loss minimizes when a
specific target is reached and increases otherwise. Among these algorithms, gradient descent (GD), particularly the
back-propagation algorithm (BP), is widely used. The basic principle involves inputting information through the
input layer, processing it in the hidden layer, and outputting it via the output layer. The output is then compared
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with the expected value. If the error is large, it propagates back to the hidden layer, where weights in the data
transmission process are purposefully adjusted based on the magnitude and direction of the error. Ultimately,
this process brings the output closer to the expected value. In medical subspecialties supported by large datasets,

machine learning has naturally found a significant role. For instance, in pathology, machine learning has been used

[11] [12]

to analyze large volumes of pathological slides to diagnose gastric cancer ', lung cancer ", renal cancer ",

31 and hypopharyngeal squamous cell carcinoma "'*. Similarly, imaging has improved diagnostic

[16] (18]

prostate cancer

accuracy for breast cancer ', liver cancer ", gallbladder cancer !'”, and pituitary tumors "* using CT imaging.
Currently, Al-based chest CT interpretation for screening lung nodules and distinguishing between benign and
malignant lesions has been applied clinically """, However, its use comes at a significant cost and is mostly limited
to large hospitals. Even in cases where Al is used for imaging in radiology departments, it is rarely extended to
thoracic surgeons. Moreover, many radiologists do not make definitive judgments about the benign or malignant
nature of lung nodules in chest CT reports, leaving the decision to thoracic surgeons. As mentioned earlier, most
lung nodule surgeries are managed by attending surgeons or above, yet the positive rate for lung cancer remains
only 84.2%. Therefore, simple Al-assisted diagnostic tools hold significant potential value for thoracic surgeons.
To balance simplicity and accuracy, we focused exclusively on chest CT nodule features without considering
patient characteristics such as gender and age, as their association with malignant lung nodules is relatively weak.
Among lung nodule-related features, we studied only those closely related to distinguishing between benign and
malignant nodules, such as burr signs, spiculation, and pleural traction. In this study, the discrimination accuracy
for malignant lung nodules exceeded 94% across the training, validation, and test groups while requiring only six

imaging features. This achieved a favorable balance between simplicity and accuracy.
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Abstract: Objective: To investigate the clinical efficacy of levofloxacin combined with ambroxol in the treatment of
elderly patients with chronic obstructive pulmonary disease (COPD) and pulmonary infection. Methods: A total of 80
elderly COPD patients with pulmonary infection, treated between December 2022 and November 2023, were randomly
divided into a control group and an observation group, with 40 cases in each group. The control group was treated
with levofloxacin hydrochloride, while the observation group received ambroxol hydrochloride injection in addition
to the treatment in the control group. Laboratory indices (white blood cell count, procalcitonin, C-reactive protein, and
apolipoprotein E levels), imaging-based pulmonary lesion absorption time, hospital stay, and incidence of adverse reactions
were compared between the two groups. Results: After treatment, the biochemical indices of the observation group were
significantly lower than those of the control group, with highly significant differences (P < 0.001). Compared to the control
group, the imaging-based pulmonary lesion absorption time and hospital stay of the observation group were significantly
shorter (P < 0.001). Additionally, the incidence of adverse reactions in the observation group was significantly lower than
in the control group (P < 0.05). Conclusion: Levofloxacin combined with ambroxol demonstrates advantages in improving
biochemical indices, shortening imaging-based pulmonary lesion absorption time and hospital stay, and reducing adverse

reaction rates in elderly COPD patients with pulmonary infection. It holds significant clinical application value.
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1. Introduction

Chronic obstructive pulmonary disease (COPD), a common chronic respiratory disease, has a high prevalence,

and heavy disease burden, and poses a severe threat to the health of the elderly. It is one of the leading causes
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of death in older adults . The primary characteristics of COPD include chronic respiratory symptoms such as
dyspnea, cough, and sputum production, typically presenting as persistent and progressively worsening airflow
obstruction. This leads to a gradual decline in respiratory function and significantly affects the patient’s quality of
life. Clinically, COPD not only has a high incidence but is also frequently accompanied by pulmonary infections,
which exacerbate the condition. Pulmonary infections aggravate symptoms like dyspnea, increased cough, and
sputum production, severely impairing quality of life, increasing hospitalizations, and raising mortality rates .
Timely and effective treatment is critical to improving the prognosis of these patients. Antibiotic therapy is

4 .
" Levofloxacin

one of the most important measures for controlling pulmonary infections associated with COPD
hydrochloride, a commonly used quinolone antibiotic, exhibits broad-spectrum antibacterial activity and
effectively inhibits the growth and reproduction of various bacteria. It is widely used in treating COPD with
pulmonary infections. However, the sole use of antibiotics sometimes fails to meet all treatment needs.

Ambroxol hydrochloride injection, a mucolytic agent, increases the secretion of serous glands in the
respiratory tract, reduces mucus gland secretion, decreases sputum viscosity, and promotes sputum clearance.
Additionally, ambroxol possesses antioxidant and anti-inflammatory properties, reducing pulmonary inflammation
and improving lung function. Therefore, combining ambroxol with levofloxacin may achieve better therapeutic
outcomes.

This study aims to explore the clinical efficacy of levofloxacin combined with ambroxol in the treatment of

elderly COPD patients with pulmonary infection, providing a more effective clinical treatment plan.

2. Materials and methods

2.1. General information

Eighty elderly patients with COPD complicated by pulmonary infection who were hospitalized in the respiratory
department of our hospital from December 2022 to November 2023 were selected as study subjects.

Inclusion criteria: (1) Patients meeting the diagnostic criteria in the “Chinese Expert Consensus on the
Diagnosis and Treatment of Acute Exacerbations of Chronic Obstructive Pulmonary Disease (2023 Revision)” *);
(2) Age > 60 years; (3) Signed informed consent provided by the patients or their families.

Exclusion criteria: (1) Patients with severe cardiovascular or cerebrovascular diseases, or liver and kidney
dysfunction; (2) Patients allergic to levofloxacin or ambroxol; (3) Patients who had used other antibiotics or
immunomodulators within the past three months; (4) Patients with psychiatric disorders who could not cooperate
with treatment.

The patients were randomly divided into a control group and an observation group using a random number
table, with 40 cases in each group. The control group included 22 males and 18 females, aged 60—80 years, with a
COPD duration of 5-15 years and a pulmonary infection duration of 3—10 days. The observation group included
20 males and 20 females, aged 62—-82 years, with a COPD duration of 4-14 years and a pulmonary infection
duration of 2-9 days. No statistically significant differences were observed between the two groups in terms of

gender, age, COPD duration, or pulmonary infection duration (P > 0.05), indicating comparability (see Table 1).
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Table 1. Comparison of general information between the two groups

Grou " Gender () Mean age (mean + Mean COPD duration Mean pulmonary infection
P Male Female SD, years) (mean + SD, years) duration (mean £ SD, days)
Control 40 22 18 68.51£5.37 9.24+3.15 5.67+2.26
Observation 40 20 20 69.17 £ 5.84 8.94+292 5.24+2.08
v/t - 0.201 0.526 0.442 0.885
P - 0.654 0.600 0.660 0.379

2.2. Methods

2.2.1. Control group

Patients were treated with levofloxacin sodium chloride injection (manufacturer: Beijing Jiluohua
Pharmaceutical Co., Ltd.; specification: 100 mL containing levofloxacin 0.5 g and sodium chloride 0.9 g;
approval number: H20020636). The dosage was 0.5 g once daily via intravenous infusion, with a treatment
course of 10-14 days. During treatment, routine symptomatic and supportive care, such as oxygen therapy,

antitussive therapy, and bronchodilation, was provided based on the patient’s condition.

2.2.2. Observation group

On the basis of the control group treatment, patients received ambroxol hydrochloride injection (manufacturer:
Shandong Luoxin Pharmaceutical Group Co., Ltd.; specification: 4 mL containing 30 mg; approval number:
H20133026). The dosage was 30 mg twice daily via intravenous infusion, with the same treatment course as the

control group. Other routine symptomatic and supportive treatments were identical to those in the control group.

2.3. Observation indicators

(1) Laboratory indices: After treatment, venous blood was collected from the patient’s inner elbow. A blood
routine analyzer was used to measure white blood cell count (WBC), immunostaining to measure
procalcitonin (PCT), enzyme-linked immunosorbent assay (ELISA) to measure C-reactive protein (CRP),
and immunoturbidimetric assay to measure apolipoprotein E (ApoE).

(2) Imaging-based pulmonary lesion absorption time and hospital stay: Chest X-ray or CT was used to
observe changes in pulmonary lesions and the time required for complete absorption of the lesions was
recorded. The length of hospital stay was also recorded, from admission to discharge.

(3) Incidence of adverse reactions: Adverse reactions such as nausea, vomiting, diarrhea, and rash were

monitored and recorded during treatment, and the incidence rate was calculated.

2.4. Statistical methods

Data analysis was performed using SPSS 27.0 statistical software. Measurement data were expressed as mean +
standard deviation (SD) and analyzed with the #-test. Categorical data were expressed as [n (%)] and analyzed with
the x? test. A P-value < (.05 was considered statistically significant.

124 Volume 9; Issue 1



3. Results

3.1. Comparison of laboratory indices

After treatment, the levels of WBC, PCT, CRP, and ApoE in the observation group were significantly lower than
those in the control group, with highly significant differences (P < 0.001). See Table 2.

Table 2. Comparison of laboratory indices after treatment between the two groups (mean = SD)

Group WBC (x10°/L) PCT (ng/mL) CRP (mg/L) ApoE (mg/L)
Control (n = 40) 10.22 +3.10 1.18 +0.37 4431 +£6.39 61.27+7.45
Observation (n = 40) 7.44 £3.02 0.61+0.21 25.14+5.63 40.03 +6.20
t 4.023 8.474 14.236 13.860
P <0.001 <0.001 <0.001 <0.001

3.2. Comparison of imaging-based pulmonary lesion absorption time and hospital stay

The pulmonary lesion absorption time and hospital stay were significantly shorter in the observation group
compared to the control group, with highly significant differences (P < 0.05). See Table 3.

Table 3. Comparison of pulmonary lesion absorption time and hospital stay between the two groups (mean +

SD, days)
Group n Pulmonary lesion absorption time Hospital stay
Control (n = 40) 40 15.65+2.77 18.04 +3.65
Observation (n = 40) 40 8.26 +2.85 11.26 +3.09
t 11.760 8.967
P <0.001 <0.001

3.3. Comparison of adverse reaction incidence

The adverse reaction rate in the observation group was 5.00%, significantly lower than the 22.50% in the control
group, with a statistically significant difference (P = 0.023). See Table 4.

Table 4. Comparison of adverse reaction incidence between the two groups [# (%)]

Group n Nausea and vomiting  Diarrhea Rash Total adverse reaction rate
Control (n = 40) 40 3 (7.50%) 3 (7.50%) 3 (7.50%) 9 (22.50%)
Observation (n = 40) 40 1 (2.50%) 0 (0.00%) 1 (2.50%) 2 (5.00%)
% ; - - - 5.165
P , - - - 0.023

4. Discussion

Levofloxacin, a fluoroquinolone antibiotic, exhibits a unique and powerful mechanism of action by inhibiting
bacterial DNA gyrase and topoisomerase IV, both of which play critical roles in bacterial DNA replication,
transcription, and repair °’. By suppressing these enzymes, levofloxacin disrupts bacterial reproduction, preventing
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normal synthesis of genetic material, accelerating DNA dissolution, and ultimately leading to bacterial death.
Additionally, levofloxacin has a broad antibacterial spectrum, showing strong activity against Gram-positive
bacteria, Gram-negative bacteria, and atypical pathogens. This broad-spectrum activity makes it effective in
treating COPD with pulmonary infections, targeting a wide range of pathogens.

Ambroxol hydrochloride, also known as bromhexine hydrochloride, plays a significant role in regulating
respiratory physiological functions. It enhances the production of lysosomes in bronchial wall cells, which contain
hydrolases that can break down viscous components in sputum, thereby reducing its viscosity . Furthermore,
ambroxol inhibits the formation of fibrin, a key substance contributing to sputum viscosity, aiding in sputum
dilution and expulsion. It also modulates mucus secretion from airway glandular cells, making the mucus thinner
and easier to expectorate.

In elderly patients with COPD complicated by pulmonary infections, the combined use of levofloxacin and
ambroxol exerts synergistic effects. Levofloxacin effectively controls pulmonary infections by inhibiting bacterial
growth and reproduction, thereby addressing the root cause of the inflammatory response. Meanwhile, ambroxol
improves pulmonary ventilation by promoting sputum clearance and alleviating airway inflammation, creating
favorable conditions for levofloxacin to exert its antibacterial effects ™. This combination not only better controls
pulmonary infections but also improves respiratory function to some extent, enhancing the quality of life for patients .

This study demonstrates that the combination of levofloxacin and ambroxol excels in improving laboratory
indices in elderly COPD patients with pulmonary infections. The combined therapy significantly reduces levels
of WBC, PCT, CRP, and ApoE, strongly indicating its effectiveness in suppressing inflammatory responses and
positively regulating physiological functions.

Regarding treatment progression, imaging-based pulmonary lesion absorption time and hospital stay are key
evaluation metrics. The study data indicate that patients receiving the combined therapy showed significantly
faster pulmonary lesion absorption and shorter hospital stays. This not only facilitates quicker recovery, reducing
physical and psychological distress but also lowers medical costs and enhances the efficiency of healthcare
resource utilization.

The safety profile of the combined therapy is also satisfactory, with a lower incidence of adverse reactions
compared to traditional monotherapies. This can be attributed to the synergistic effects of the two drugs.
Levofloxacin, with its potent antibacterial activity, precisely inhibits bacterial growth and reproduction, effectively
controlling infections at their source. Ambroxol, by promoting sputum clearance, alleviates airway obstruction and
exerts anti-inflammatory effects, improving the pulmonary microenvironment. Together, these drugs complement
each other, providing better control of pulmonary infections while enhancing respiratory function, leading to
smoother breathing and improved quality of life for patients. This offers an efficient and safe therapeutic option for

elderly COPD patients with pulmonary infections """,

5. Conclusion

In summary, the combination of levofloxacin and ambroxol for treating elderly COPD patients with pulmonary
infections demonstrates excellent clinical efficacy and safety. This regimen improves multiple indices, shortens the
disease course, and has a lower incidence of adverse reactions, making it worthy of clinical promotion. However,
the study has limitations, including a relatively small sample size, which may not comprehensively represent all
patient populations, and a short observation period, which limits the precise evaluation of long-term efficacy and
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safety. Further in-depth research is required in the future.
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Abstract: This paper systematically elucidates the application of plasma technology in cancer treatment, including its
principles, case studies, comparative advantages over traditional methods, challenges, and countermeasures. Plasma
technology targets and eliminates cancer cells with precision through physical, chemical, and immune-regulatory
mechanisms, offering high accuracy and low side effects. International applications include plasma scalpels in the United
States, combined chemotherapy and low-temperature plasma therapy in Russia, and plasma-targeted capture technology
in China. However, plasma technology faces technical hurdles and clinical application barriers, requiring interdisciplinary

collaboration and industry-academia-research cooperation to advance its development.
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1. Introduction

Cancer, a global health challenge, continues to escalate annually. In 2020, approximately 19.29 million new cases
were reported globally, with about 9.96 million deaths. The cancer situation in China is particularly severe, with
4.57 million new cases, accounting for one-fourth of the global total. Confronted with the limitations of traditional
treatment methods, plasma technology emerges as an innovative therapeutic approach. With its high activity and
energy properties, plasma technology precisely disrupts cancer cell structures, induces oxidative stress responses,
and inhibits cancer cell proliferation. Compared to traditional methods, plasma technology offers greater
specificity, reduced side effects, personalized treatment, ease of operation, and faster recovery. This study aims to
explore the application of plasma technology in cancer treatment, analyze its mechanisms and current status, and

project future developments to address therapeutic gaps and contribute to precision cancer treatment.

2. Analysis of plasma technology principles
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2.1. Material properties of plasma

Plasma can be categorized by temperature into high-temperature plasma and low-temperature plasma, with the
latter further divided into cold plasma and thermal plasma. High-temperature plasma, where both electron and
heavy particle temperatures exceed 10° K, is primarily used for generating nuclear fusion energy. However, the
energy of high-temperature plasma is challenging to harness directly for industrial heating. In contrast, low-
temperature cold plasma has heavy particle temperatures in the ambient range, while electron temperatures
may exceed 10* K. Despite this, its energy density is very low, comparable to room-temperature atmospheric
gases, rendering it unsuitable as a large-scale industrial energy source. Instead, it is mainly utilized to enhance
chemical reactions for surface processing (e.g., etching, coating, doping, cleaning, biomedical applications, and
nanomaterial growth and processing), gas treatment (e.g., ozone generation and harmful gas processing), and cold
light sources. It is also employed for macroscopic material preparation, such as diamond growth ",

Plasma, often referred to as the fourth state of matter, differs fundamentally from the traditional three
states. It is an ionized gas composed of numerous free electrons, ions, free radicals, and neutral particles. On
a microscopic level, its charged particles move at high speeds, interact with each other, and are coupled with
external electromagnetic fields, resulting in high activity. These charged particles endow plasma with excellent
conductivity, enabling it to rapidly conduct current under an electric field. Despite containing large numbers of
charged particles, the positive and negative charge densities are nearly equal, resulting in macroscopic electrical
neutrality. This ensures precise and controllable actions.

2.2. Mechanism of plasma generation

Plasma is artificially generated by supplying energy to ionize gases. The heating method increases the kinetic
energy of gas molecules through sustained heating, causing electrons to detach from atoms, as seen in tokamak
devices that heat plasma to billions of degrees. Electromagnetic excitation methods are more widely applied:
(1) DC glow discharge: Direct current voltage applied between electrodes creates a glow region to generate
plasma.
(2) Radiofrequency discharge: Alternating electromagnetic fields ionize gases, allowing precise control over
plasma properties, commonly used in cellular experiments.
(3) Microwave discharge: Microwaves interact with gases to produce highly active plasma, enhancing the
ability to kill cancer cells.
Plasma parameters influence its performance . Electron temperature affects chemical reaction activity,
ion temperature impacts diffusion and transport, plasma density determines action intensity, and the type of gas
dictates plasma composition and activity. These parameters must be finely tuned to meet therapeutic requirements.

2.3. Mechanisms of plasma interaction with cancer cells

Plasma eliminates cancer cells through physical, chemical, and immunomodulatory mechanisms, achieving precise
destruction.

(1) Physical mechanism: High-energy charged particles in plasma, such as electrons and ions, collide with
cancer cells, damaging their membranes and causing intracellular material leakage, osmotic imbalance,
and apoptosis or necrosis. Plasma can also penetrate cancer cells, damaging organelles like mitochondria
and the endoplasmic reticulum, disrupting energy metabolism and biosynthesis, thereby deactivating

cancer cells.
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(2) Chemical mechanism: Plasma contains reactive oxygen species (ROS) and reactive nitrogen species (RNS),
which are highly redox-active particles. These particles enter cancer cells and react with biomolecules
such as nucleic acids, proteins, and lipids. They oxidize DNA bases, causing strand breaks, destabilizing
the genome, and hindering DNA replication and transcription. They also interact with protein active
groups, altering their conformation and function, disrupting cellular signaling pathways, and activating
apoptotic proteins to promote cancer cell apoptosis.

(3) Immunomodulatory mechanism: Plasma treatment alters cancer cell antigen epitopes, making them
more recognizable to the immune system and activating innate and adaptive immunity "', Macrophages
and natural killer (NK) cells engulf cancer cells, releasing cytokines to recruit immune cells, creating a
localized immune-activated microenvironment. Additionally, the immune response triggered by plasma
has a memory effect, monitoring and suppressing tumor recurrence, thus ensuring long-term cancer

treatment and recovery.

3. Application cases of plasma technology in precise cancer cell elimination

3.1. Clinical exploration of plasma surgical tools in the United States

The United States has made significant progress in exploring plasma technology for cancer treatment, achieving
innovative results. The Canady Helios Cold Plasma System and surgical tool, developed by US Medical
Innovations LLC and the Jerome Canady Research Institute for Advanced Biological and Technological Sciences
(JCRI/ABTS), represent a breakthrough after years of research. The system features a low-temperature plasma
generator and a pen-like electrosurgical tool that emits blue cold plasma from its tip when activated, opening new
possibilities for cancer treatment. Preliminary animal and cellular studies have demonstrated that cold plasma
is a highly efficient and selective “cancer killer” Y. ROS and other toxic molecules produced by the plasma
can precisely target tumor cells. Due to the highly oxidative internal environment of cancer cells, ROS induces
oxidative stress beyond their threshold, triggering apoptosis, while causing minimal damage to healthy cells.
Previously, three terminally ill patients were treated with the plasma surgical tool under the “compassionate
use” principle, successfully clearing residual cancer cells. The research has since received FDA approval to
commence Phase I clinical trials involving 20 patients with advanced solid tumors, including pancreatic, ovarian,

and breast cancer patients.

3.2. Russia’s combination therapy of chemotherapy and cold plasma

Russia has pioneered a novel cancer treatment combining chemotherapy with cold plasma. Researchers tailor
the therapy by selecting suitable chemotherapy drugs based on the type of cancer, patient-specific conditions,
and disease progression. Concurrently, specialized equipment generates cold plasma, with parameters precisely
controlled to ensure activity and efficacy. The two methods then work synergistically to combat cancer .
In cellular experiments, this combination therapy has demonstrated impressive anticancer efficacy,
successfully targeting over 20 types of cancer cells. The mechanism involves two key aspects:
(1) On the one hand, the ROS and RNS produced by the plasma exert strong oxidative and reductive effects,
directly attacking critical components of cancer cells, disrupting metabolic processes, causing genetic
information loss, and inducing apoptosis.

(2) On the other hand, the plasma modifies the tumor microenvironment, enhancing the permeability of
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chemotherapy drugs, thereby improving efficacy and reducing toxicity.
According to Namik Gusein-Zade, a director at Russia’s National Pirogov Medical University, plasma can
penetrate several centimeters deep into tissues. For deep tumors, plasma-treated fluids can be injected directly. In

some cases, portable plasma generators are sufficient for treatment.

3.3. Plasma-targeted capture technology by Henan Guoshanglian in China

The Henan Guoshanglian Health Management Co., Ltd. has achieved groundbreaking advancements in plasma-
targeted capture technology, bringing hope to cancer patients. This technology leverages the natural affinity between
boron and cancer cells. By using a specially formulated boron compound beverage as a medium, boron is selectively
enriched within cancer cells. Precisely controlled plasma is then applied to target these boron-enriched cells.

The high-energy particles from the plasma interact with boron, releasing immense energy to accurately
destroy critical cancer cell structures such as cell membranes, mitochondria, and nucleic acids. This process
disrupts the foundations of cancer cell proliferation and survival, efficiently eliminating cancer cells. Since normal
cells lack boron, they remain unaffected, preserving the immune system and causing no side effects °.

Certified by a top-tier inquiry agency under China’s Ministry of Science and Technology, Guoshanglian’s
equipment has achieved a significant breakthrough in the depth of cancer cell eradication, reaching 13 cm—
far surpassing similar products in the United States and placing it two generations ahead technologically. This
positions the company at the forefront of the field.

Currently, Guoshanglian has developed a comprehensive cancer prevention and treatment system featuring
five advanced devices, including cancer cell-clearing capsules and intelligent high-speed radiation cabins. These
devices work in coordination to provide precise cancer clearance, functional regulation, and protective functions,

offering personalized, one-stop solutions.

4. Advantages of plasma technology compared to traditional cancer treatments
4.1. Precision comparison

Surgical treatment often relies on the surgeon’s experience and visual observation, making it challenging to
completely remove cancer cells with unclear boundaries or microscopic size, particularly in high-risk procedures
such as brain surgeries, which also involve slow recovery. Radiation therapy can destroy cancer cells but
may cause damage to normal tissues due to scattered radiation, leading to side effects such as pneumonia and
esophagitis. Chemotherapy drugs, lacking specificity, harm healthy cells, resulting in severe side effects and drug
resistance .

In contrast, plasma technology employs imaging techniques such as CT and MRI for precise tumor
localization. Specially designed catheters deliver plasma directly to the tumor site, where the reactive particles
preferentially target and destroy cancer cells with minimal impact on normal cells. This greatly enhances the

precision and safety of cancer treatment.

4.2. Side effects comparison

Traditional cancer treatments often come with severe side effects. Surgical recovery can be arduous, radiation
therapy causes extensive tissue damage, and chemotherapy leads to systemic side effects that significantly impact
the patient’s quality of life.
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Plasma technology, on the other hand, precisely targets cancer cells with minimal damage to normal tissues,
resulting in only mild local reactions. Patients do not endure the intense pain and lengthy recovery associated
with traditional surgeries. For skin cancers, plasma therapy results in smaller wounds, faster healing, and no
inflammatory responses "*'. Additionally, systemic side effects are nearly nonexistent, with no reports of nausea,
vomiting, hair loss, or significant immune system disruptions. This significantly improves patients’ quality of life,
facilitating both treatment and recovery.

4.3. Treatment effectiveness comparison

Plasma ablation technology has demonstrated precision in treating early-stage liver cancer, effectively destroying
tumor tissues and inducing rapid tumor necrosis. Post-treatment, patients often exhibit a significant reduction in
tumor biomarkers and substantial tumor shrinkage. Patients recover quickly, experiencing less pain in the liver
region, improved appetite, and an overall better quality of life.

In terms of long-term outcomes, plasma technology not only eradicates cancer cells but also stimulates the
immune system, effectively preventing recurrence. For instance, Russia’s combination therapy of chemotherapy
and cold plasma has proven to increase the five-year survival rate of lung cancer patients while improving their

quality of life ratings "’

5. Challenges and strategies for plasma technology
5.1. Technical challenges

Despite the availability of various plasma generation methods, such as gas discharge and laser irradiation,
achieving stable and efficient generation of plasma with specific parameters inside complex biological
environments remains challenging. The requirements for plasma parameters, such as electron and ion temperatures,
vary depending on the type of cancer, tumor location, and patient-specific factors. For example, treating deep-
seated tumors requires plasma with strong penetration capabilities, necessitating precise control over energy and
particle concentration to balance energy attenuation and protect normal tissues. Current technology struggles to
meet these demands.

Dose control and safety considerations are also critical. Plasma dosage directly impacts both efficacy and safety.
Insufficient doses fail to eradicate cancer cells, while excessive doses induce oxidative stress that damages normal
tissues, causing inflammation, fibrosis, and immune imbalance. Establishing precise, standardized dosage protocols is
difficult due to variations in tumor characteristics and patient health, which significantly limits clinical adoption .

Equipment development and clinical integration also face numerous obstacles. Existing plasma treatment
devices are often bulky, and complex, and require specialized personnel for operation and maintenance, making
them inaccessible for use in primary healthcare settings. Additionally, technical integration with cancer diagnosis,
surgery, and rehabilitation remains problematic. For instance, using plasma technology during surgery requires clear

visualization and seamless operation, which remains an urgent issue to resolve and hampers clinical translation.

5.2. Barriers to clinical application

In the clinical trial phase, large-scale, multi-center trials are scarce despite the technology’s immense potential.
Conducting such trials is costly and demands significant human, financial, and time resources, with challenges at
every stage. For example, the Canady Helios low-temperature plasma scalpel trial in the United States required
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years of preparation before its Phase I clinical trial began, following a decade of foundational research involving
tasks like identifying chemical substances and determining tissue penetration properties. These requirements test
the limits of research capacity, funding, and patience.

Interdisciplinary collaboration challenges further complicate trials. Communication gaps and inconsistent
standards among researchers from different fields hinder the scientific rigor of experiments, delaying the clinical
translation of the technology.

The lack of standardization in operation protocols and efficacy evaluation also limits development. Plasma-
based cancer treatment currently lacks unified standards for procedures and outcome assessments. Equipment,
parameters, and treatment protocols vary across teams and institutions. Critical parameters like optimal dosage,
treatment frequency, and duration remain undefined, making it difficult to compare results across studies and
objectively evaluate effectiveness. This leaves clinicians without clear guidance and patients with lingering doubts,
impeding widespread adoption.

Additionally, physician training and patient awareness are critical issues. Many doctors have only a superficial
understanding of emerging plasma technology and lack systematic training, increasing the risk of errors during
implementation.

5.3. Strategies for addressing challenges
5.3.1. Interdisciplinary collaboration
Interdisciplinary collaboration is key to overcoming these challenges, as plasma technology spans multiple
advanced fields.
(1) Physicists: Develop highly efficient and precise plasma generation devices, optimize electromagnetic
fields, and explore new discharge modes to achieve stable parameter control.
(2) Chemists: Analyze chemical reactions to optimize plasma composition, enhance cancer cell targeting, and
reduce damage to normal tissues.
(3) Biologists: Investigate molecular biological pathways to provide precise therapeutic targets.
(4) Medical Experts: Integrate this knowledge into diagnostic and therapeutic systems, creating personalized

treatment plans to maximize efficacy.

5.3.2. Synergistic innovation between academia, industry, and clinical practice
Collaboration between universities, research institutions, and the private sector is essential for driving innovation
and clinical translation.
(1) Academia and research institutions: Increase investment in fundamental research, gather interdisciplinary
talent, and solve core challenges.
(2) Industry: Focus on commercializing research outcomes, and improving device portability, usability, and
stability while reducing costs.
(3) Healthcare institutions: Collaborate with companies to refine device performance for clinical use.
(4) Government support: Provide incentives, establish funds, and create platforms to foster an ecosystem
conducive to plasma technology development and clinical application.
By uniting efforts across disciplines and sectors, plasma technology can overcome its challenges and achieve

its potential as a transformative tool in cancer treatment.
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6. Conclusion

This study comprehensively explored the application of plasma technology in the precise eradication of cancer
cells, analyzing its underlying principles and showcasing its remarkable efficacy in treating various types of cancer
through international case studies. Compared with traditional methods, plasma technology demonstrates higher
precision and fewer side effects, offering a novel approach to cancer treatment.

Although technical and application challenges remain, advancements in technology and interdisciplinary
collaboration present promising prospects for the future development of plasma technology. It is anticipated that
the technology will achieve more precise control, integrate with other treatment methods, and become accessible
to more medical institutions. Ultimately, plasma technology is poised to become a mainstream cancer treatment
method, offering new hope in the fight against cancer.
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Integrated Services Platform of International Scientific
Cooperation

Innoscience Research (Malaysia), which is global market oriented, was founded in 2016.Innoscience Research
focuses on services based on scientific research. By cooperating with universities and scientific institutes all
over the world, it performs medical researches to benefit human beings and promotes the interdisciplinary and
international exchanges among researchers.

Innoscience Research covers biology, chemistry, physics and many other disciplines. It mainly focuses on the
improvement of human health. It aims to promote the cooperation, exploration and exchange among researchers
from different countries. By establishing platforms, Innoscience integrates the demands from different fields to
realize the combination of clinical research and basic research and to accelerate and deepen the international
scientific cooperation.
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