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Purpose: This study longitudinally examined symptom clusters and sentinel symptoms in lung cancer patients across radiotherapy 
phases, providing a theoretical foundation for targeted symptom management.
Methods: In this prospective longitudinal study, 244 patients were recruited via convenience sampling from a tertiary cancer hospital 
in Southwest China between January and December 2024. Data were collected using the General Demographic Questionnaire and MD 
Anderson Symptom Inventory (including the lung cancer module). Assessments occurred at four time points: T1 (one day before 
radiotherapy), T2 (after 10 sessions), T3 (after 20 sessions), and T4 (at end of radiotherapy). Exploratory factor analysis identified 
symptom clusters from symptoms with >20% incidence, while Apriori algorithm modeling analyzed intra-cluster associations to 
determine sentinel symptoms.
Results: Five symptom clusters emerged: psychological (sadness, distress, sleep disturbance), respiratory (chest tightness, shortness of 
breath), lung cancer-specific (coughing, expectoration), radiotherapy side-effect (dry mouth, pain, decreased appetite), and perceptual 
(at T1: pain, numbness, at T2: dry mouth, pain, decreased appetite, numbness, constipation, at T3 and T4: forgetfulness, somnolence, 
fatigue, nausea, constipation). At T1, distress, shortness of breath, and coughing were sentinel symptoms for the psychological, 
respiratory, and lung cancer-specific clusters, respectively. Pain was the sentinel for the radiotherapy side-effect cluster at T3, and 
somnolence for the perceptual cluster at T4.
Conclusion: Lung cancer patients exhibit multiple stable symptom clusters during radiotherapy, with sentinel symptoms varying by 
phase. These insights offer new perspectives on timed assessments and precision nursing interventions, while providing key theoretical 
and practical guidance for building early warning models and intelligent symptom management pathways.
Keywords: lung cancer, radiotherapy, symptom clusters, sentinel symptoms, longitudinal study

Introduction
Lung cancer is one of the most prevalent malignancies worldwide, with 2.5 million new cases and 1.8 million deaths 
reported globally in 2022 according to the latest data from the International Agency for Research on Cancer (IARC).1 In 
China, lung cancer remains the most common cancer, with 1.0606 million new cases and 73.33 million deaths in 2022 
alone, posing a serious threat to human health.2 Radiotherapy is an important treatment and is applicable across all 
disease stages and performance statuses for lung cancer. It can effectively control tumor progression and significantly 
prolong patient survival. However, while killing tumor cells, radiation can cause varying degrees of damage to normal 
lung tissue and adjacent organs.3–5 Consequently, patients experience a series of distressing symptoms such as fatigue, 
radiation pneumonitis, radiation esophagitis, pain, and anxiety that tend to co-occur and interact.6–9 Symptom clusters are 
composed of two or more interrelated symptoms, and there may be common causes and mechanisms between these 
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symptoms.10 A symptom cluster is defined as two or more interrelated symptoms that may exist common etiologies and 
pathophysiologic pathways. Compared with a single symptom, the effect of symptom clusters on patients is enhanced and 
synergistic, which further affects the treatment effect, physical function, prognosis and quality of life of patients.11,12

Identifying symptom clusters may help healthcare providers develop targeted symptom management plans via the 
characteristics of the clusters, thereby improving the efficiency of symptom management.13,14 However, there is still no 
consensus on how to select the most effective symptoms to manage to achieve the best intervention outcomes.15 Sentinel 
symptoms are early-occurring indicators that both predict the presence of a symptom cluster and act as key drivers for the 
subsequent emergence of other symptoms within that cluster. Identifying sentinel symptoms simplifies clinical assess
ment and nursing management of symptom clusters and may serve as an effective entry point for targeted symptom- 
cluster interventions.16,17 Luo Y et al18 identified sentinel symptoms in 169 lung cancer patients during the first cycle of 
chemotherapy in a prospective study and reported that sentinel symptoms in lung cancer patients’ symptom clusters 
appear earlier than other symptoms do and are important indicators for implementing symptom management, potentially 
alleviating or slowing the progression of other symptoms within the cluster. Brown J et al14 also assessed symptom 
experiences of 196 women with lung cancer over the past day and past four weeks. The results identified a cluster 
comprising fatigue, dyspnea, cough, pain, and anorexia as the most prevalent symptoms. Pain was emerged as the 
sentinel symptom of this cluster, confirming its predictive role for the subsequent appearance of other symptoms and 
underscoring its potential utility in clinical symptom assessment.

However, these studies are cross-sectional surveys of symptom clusters and sentinel symptoms in lung cancer patients at 
one or several time points, while ignoring the longitudinal changes of symptom clusters. Moreover, most of the current studies 
are sentinel symptoms of symptom clusters in lung cancer patients during radiotherapy, and it is not clear whether there are 
sentinel symptoms in lung cancer patients during radiotherapy. Therefore, it is necessary to clarify the longitudinal changes of 
symptom clusters and sentinel symptoms in lung cancer patients during radiotherapy, which will be served as the entry point 
for symptom cluster intervention, further reducing the generation or aggravation of other symptoms in the cluster, and 
improving the efficiency of symptom cluster intervention. The purpose of this study is to identify the symptom clusters and 
their internal correlations in different radiotherapy periods by using exploratory factor analysis and Apriori algorithm in 
a prospective longitudinal study, which provide scientific basis for clinical medical staff to evaluate symptoms and manage 
symptom clusters, ultimately may reducing the burden of symptoms and improving the quality of life of patients.

Methods
Patients and Setting
This prospective longitudinal study measured symptom clusters and sentinel symptoms in lung cancer patients at four 
time points: one day before radiotherapy, after 10 sessions, after 20 sessions, and at the end of radiotherapy. Patients were 
recruited from the radiotherapy departments of two tertiary general hospitals in Kunming, Yunnan Province, China, via 
convenience sampling. The inclusion criteria were as follows: (1) pathological or cytological diagnosis of lung cancer 
requiring radiotherapy with more than 20 sessions,19 (2) age over 18 years and voluntary signing of the informed consent 
form, (3) no cognitive or consciousness disorders and ability to complete the questionnaire, (4) undergoing intensity- 
modulated radiotherapy and completing at least 20 sessions. The exclusion criteria were as follows: (1) patients who had 
undergone lung cancer surgery within the past 3 months and received concurrent chemotherapy, (2) patients with severe 
heart, liver, or kidney failure or bone marrow dysfunction, (3) patients with other serious physical or mental health 
conditions. This study adheres to the ethical principles of the Declaration of Helsinki, ensuring informed consent and 
privacy protection for all participants. Additionally, this study was approved by the Ethics Committee of Yunnan Cancer 
Hospital (Approval No. SLKYLX2023-031).

Procedures
When patients initiated their initial radiotherapy cycle, the investigator explained the purpose and methods of the study to 
them. If patients agreed to participate, they completed the general demographic and disease-related questionnaires, as 
well as the initial MD Anderson Symptom Inventory. The scores of the MD Anderson Symptom Inventory were recorded 
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after 10 or 20 sessions and after radiotherapy. The questionnaires were collected face-to-face, and the completeness of the 
responses was reviewed onsite. For those who could not complete the questionnaires independently, the researchers 
assisted the patients in completing the form. The participants were assured that all personal information would remain 
confidential and would only be used for research purposes.

Instruments
Sociodemographic and Clinical Characteristics
The questionnaire collected demographic data (age, sex, occupation, place of residence, education level, medical 
payment method, and family average income) and disease-related information (lung cancer cell type, disease duration, 
TNM stage, metastasis, number of radiotherapy sessions, comorbidities, and treatment history).

MD Anderson Symptom Inventory – Revised Lung Cancer Module
The MD Anderson Symptom Inventory was developed by Cleeland et al at the University of Texas M. D. Anderson 
Cancer Center in 2000.20 In 2011, a lung cancer-specific module was developed on the basis of this inventory.21 Zang Yu 
et al22 revised the MD Anderson Symptom Inventory and the lung cancer module to adapt them to the Chinese context. 
The revised inventory includes 19 symptom items: the former 13 items are common cancer core symptoms, including 
pain, shortness of breath, forgetfulness, etc., and the last 6 items are lung cancer-specific symptoms, including chest 
tightness, cough, hemoptysis, etc. The occurrence of symptoms was calculated on the basis of whether the symptoms 
were present and the severity of symptoms was rated on an 11-point Likert scale, with 0 indicating “no symptoms” and 
increasing incrementally to 10 indicating “the most severe degree perceivable”. The Cronbach’s α coefficient of the 
inventory is 0.925,22 and it is widely used for symptom assessment in Chinese lung cancer patients. The Cronbach’s α 
coefficients for the four measurements in this study were 0.744, 0.805, 0.852, and 0.874, respectively.

Data Analysis
The data were analyzed via SPSS 29.0 and SPSS Modeler 18.0. Categorical variables are presented as frequencies and 
percentages. Continuous variables with a normal distribution are described as mean ± standard deviation. Non-normally 
distributed data are reported as median and quartile ranges (M (P25, P75)). Exploratory factor analysis (EFA) was 
performed on symptoms whose incidence exceeded 20% at each study time-point.23 Principal component analysis (PCA) 
was used to extract common factors (ie, symptom clusters), followed by varimax orthogonal rotation. Internal consis
tency of the clusters was assessed with Bartlett’s test of sphericity (P < 0.05) and the Kaiser-Meyer-Olkin (KMO) 
measure. Factors were retained according to the following criteria: eigenvalue ≥ 1, individual symptom loadings ≥ 0.5 on 
the respective factor, and assignment of cross-loading symptoms (≥ 0.5 on two or more factors) to the factor with the 
highest loading. Each factor had to contain at least two symptoms. Symptom clusters were named on the basis of their 
constituent symptoms, existing literature, and clinical expertise. Statistical significance was set at α = 0.05 (P < 0.05).

After symptom clusters were established, the Apriori algorithm was employed to identify sentinel symptoms within 
each cluster. As the most widely used association-rule mining technique in data science, Apriori efficiently uncovers 
fundamental patterns and latent relationships among variables.18,24 In this study, items from the M. D. Anderson 
Symptom Inventory–Lung Cancer Module (MDASI-LC) were transferred into binary variables (“symptom present = 
1 / absent = 0”). The analysis was restricted to the 244 patients who completed all assessments at the end of radiotherapy 
(T4). Separate Apriori models were run for each of the four time points (T1–T4) and within each symptom cluster to 
identify sentinel symptoms.

A symptom was designated as sentinel if it fulfilled all of the following criteria: (1) support ≥ 40% when serving as 
the antecedent, (2) confidence ≥ 60% for the rule, (3) confidence of the rule exceeded the support of the antecedent. Only 
symptoms that repeatedly appeared as antecedents and demonstrated strong associative linkages with subsequent 
symptoms were retained as sentinel symptoms,25 thereby minimizing spurious co-occurrences while balancing preva
lence and association strength. Data-processing workflow: (1) import symptom data at each time point (present = 1, 
absent = 0), (2) set variables as binary, (3) connect Apriori node with parameters: minimum support = 40%, minimum 
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confidence = 60%, minimum rule length = 2, (4) execute the model to generate association rules, (5) filter rules meeting 
all three sentinel-criteria and whose confidence exceeds the antecedent’s support, (6) export the final rule report.

Results
Sociodemographic and Clinical Characteristics
Between January and October 2024, a total of 244 patients with lung cancer who were receiving radiotherapy completed the 
study. Six patients had their radiotherapy interrupted, and 10 patients withdrew from the study and were excluded. Among 
the remaining participants, 198 were male (81.15%), and 46 were female (18.85%). The age distribution was as follows: 
129 patients (52.87%) were under 60 years old, and 115 patients (47.13%) were 60 years old or older. The educational level 
was as follows: 119 patients (48.77%) had an elementary school education or lower, 70 patients (28.69%) had a junior high 
school education, 28 patients (11.48%) had a high school or vocational school education, and 27 patients (11.07%) had 
a college education or higher. The marital status was as follows: 232 patients (95.08%) were married, and 12 patients 
(4.92%) were unmarried. The occupational status was as follows: 152 patients (62.30%) were manual laborers, 16 patients 
(6.56%) were civil servants or employees of public institutions, and 76 patients (31.15%) were unemployed or retired. The 
places of residence were as follows: 55 patients (22.54%) lived in cities, 25 patients (10.25%) lived in counties or towns, 
and 164 patients (67.21%) lived in rural areas or towns. The monthly household income was as follows: 57 patients 
(23.36%) had an income of less than 2000 RMB, 62 patients (25.41%) had an income between 2000 and 3999 RMB, 33 
patients (13.52%) had an income between 4000 and 5999 RMB, and 92 patients (37.70%) had an income of 6000 RMB or 
more. The medical payment method was as follows: 69 patients (28.28%) had employee medical insurance, and 175 
patients (71.72%) had resident medical insurance. The disease duration was as follows: 142 patients (58.20%) had 
a duration of less than 12 months, 45 patients (18.44%) had a duration between 12 and 24 months, and 57 patients 
(23.36%) had a duration of 24 months or more. The cell type distribution was as follows: 70 patients (28.69%) had 
squamous cell carcinoma, 110 patients (45.08%) had adenocarcinoma, 49 patients (20.08%) had small cell lung cancer, and 
15 patients (6.15%) had other types. The disease stage was as follows: 131 patients (53.69%) were in stage III, and 113 
patients (46.31%) were in stage IV. The degree of metastasis was as follows: 126 patients (51.64%) had local metastasis, 
and 118 patients (48.36%) had distant metastasis. The previous treatment history was as follows: 27 patients (11.07%) had 
no treatment, 6 patients (2.46%) had targeted or immunotherapy, 104 patients (42.62%) had chemotherapy, 46 patients 
(18.85%) had chemotherapy combined with targeted or immunotherapy, 10 patients (4.10%) had surgery, and 51 patients 
(20.90%) had surgery combined with chemotherapy or targeted therapy or immunotherapy (Table 1).

Table 1 Sociodemographic and Clinical Characteristics of the Participants (n = 244)

Item Category Number Proportion (%)

Age (years old) <60 129 52.87

≥60 115 47.13
Gender Male 198 81.15

Female 46 18.85

Education Level Elementary school and below 119 48.77
Junior high school 70 28.69

High school and vocational school 28 11.48

College school and above 27 11.07
Marital Status Married 232 95.08

Other 12 4.92

Occupation Manual laborer 152 62.30
Civil servant or public institution employee 16 6.56

Unemployed or retired 76 31.15

(Continued)
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Characteristics of Individual Symptoms at Different Time Points During Radiotherapy 
in Middle-aged and Elderly Lung Cancer Patients
Before radiotherapy, coughing and expectoration had the highest incidence rates. After 10 sessions of radiotherapy, the 
incidence rates of coughing and expectoration did not increase significantly, but the incidence rates of dry mouth and pain 
increased significantly. After 20 sessions of radiotherapy, the incidence rates of coughing, expectoration, dry mouth, and 
pain, and fatigue were high. At the end of radiotherapy, the incidence rates of all symptoms except chest tightness, 
shortness of breath, and hemoptysis were high (Table 2).

Symptom Clusters in Lung Cancer Patients During Different Periods of Radiotherapy
After extracting the symptoms with an incidence of more than 20% during radiotherapy, factor analysis was performed 
on the data at each time point. The KMO values for T1, T2, T3, and T4 were 0.602, 0.703, 0.772, and 0.806, respectively, 
and Bartlett’s test of sphericity (all P < 0.001) indicated that the conditions for factor analysis were met. At T1, 10 
symptoms had an occurrence rate more than 20%, and four common factors were extracted: the psychological symptom 
cluster, respiratory symptom cluster, perceptual symptom cluster, and lung cancer-specific symptom cluster. At T2, 14 
symptoms had an occurrence rate more than 20%, and four common factors were extracted: the psychological symptom 
cluster, respiratory symptom cluster, perceptual symptom cluster, and lung cancer-specific symptom cluster. At T3, 16 
symptoms had an occurrence rate more than 20%, and five common factors were extracted: the psychological symptom 
cluster, the perceptual symptom cluster, the lung cancer-specific symptom cluster, the respiratory symptom cluster, and 
the radiotherapy side-effect symptom cluster. At T4, 17 symptoms had an occurrence rate more than 20%, and five 

Table 1 (Continued). 

Item Category Number Proportion (%)

Place of Residence City 55 22.54

Country or town 25 10.25
Rural or town 164 67.21

Monthly Household Income (RMB) <2000 57 23.36

2000–3999 62 25.41
4000–5999 33 13.52

≥6000 92 37.70

Medical Payment Method Employee medical insurance 69 28.28
Resident medical insurance 175 71.72

Disease Duration (months) <12 142 58.20

12–23 45 18.44
≥24 57 23.36

Cell Type Squamous cell carcinoma 70 28.69

Adenocarcinoma 110 45.08
Small cell lung cancer 49 20.08

Other 15 6.15

Disease Stage III stage 131 53.69
IV stage 113 46.31

Metastasis Local metastasis 126 51.64
Distant metastasis 118 48.36

Previous Treatment No treatment 27 11.07

Targeted/immunotherapy 6 2.46
Chemotherapy 104 42.62

Chemotherapy + targeted/immunotherapy 46 18.85

Surgery 10 4.10
Surgery + chemotherapy/targeted/immunotherapy 51 20.90
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Table 2 Incidence and Severity of Symptoms at Different Time Points During Radiotherapy in Lung Cancer Patients (n = 244)

Symptom T1 T2 T3 T4

Incidence (%) Score (χ±s) Incidence (%) Score (χ±s) Incidence (%) Score (χ±s) Incidence (%) Score (χ±s)

Pain 29.92 0.0(0.0,1.0) 36.07 0.0(0.0,2.0) 60.66 2.0(0.0,3.0) 81.15 2.0(1.3,3.0)
Fatigue 27.05 0.0(0.0,1.0) 37.30 0.0(0.0,2.0) 52.05 1.0(0.0,3.0) 70.90 2.0(0.0,4.0)

Nausea 9.02 0.0(0.0,0.0) 23.36 0.0(0.0,0.0) 26.12 0.0(0.0,1.0) 46.31 0.0(0.0,2.0)

Sleep Disturbance 42.21 0.0(0.0,3.0) 54.51 1.0(0.0,3.0) 65.31 2.0(0.0,3.0) 70.08 2.0(0.0,3.0)
Distress 55.33 1.0(0.0,4.0) 50.41 1.0(0.0,4.0) 68.03 2.0(0.0,4.0) 67.21 2.0(0.0,4.0)

Expectoration 67.62 1.0(0.0,2.0) 70.90 2.0(0.0,3.0) 88.93 3.0(2.0,4.0) 94.67 3.5(3.0,4.0)

Forgetfulness 15.57 0.0(0.0,0.0) 18.44 0.0(0.0,0.0) 19.26 0.0(0.0,0.0) 27.46 0.0(0.0,1.0)
Decreased Appetite 12.70 0.0(0.0,0.0) 21.72 0.0(0.0,0.0) 45.08 0.0(0.0,3.0) 66.39 2.0(0.0,4.0)

Somnolence 12.30 0.0(0.0,0.0) 16.39 0.0(0.0,0.0) 32.79 0.0(0.0,1.0) 47.54 0.0(0.0,4.0)

Dry mouth 12.70 0.0(0.0,0.0) 31.97 0.0(0.0,2.0) 71.31 2.0(0.0,3.0) 85.25 3.0(0.0,4.0)
Sadness 49.18 0.0(0.0,4.0) 46.31 0.0(0.0,4.0) 59.43 2.0(0.0,4.0) 70.08 2.0(0.0,4.0)

Vomiting 2.05 0.0(0.0,0,0) 4.10 0.0(0.0,0.0) 6.56 0.0(0.0,0.0) 6.15 0.0(0.0,0.0)

Numbness 23.36 0.0(0.0,0.0) 35.66 0.0(0.0,2.0) 39.34 0.0(0.0,2.0) 46.72 0.0(0.0,3.0)
Weight Loss 4.10 0.0(0.0,0.0) 8.60 0.0(0.0,0.0) 26.23 0.0(0.0,1.0) 63.52 2.0(0.0,3.0)

Hemoptysis 11.07 0.0(0.0,0.0) 11.07 0.0(0.0,0.0) 11.07 0.0(0.0,0.0) 9.02 0.0(0.0,0.0)

Coughing 80.74 2.0(1.0,3.0) 86.07 3.0(1.0,3.0) 97.54 4.0(2.0,5.0) 97.95 5.0(3.0,6.0)
Shortness of Breath 43.03 0.0(0.0,2.0) 38.52 0.0(0.0,1.0) 27.87 0.0(0.0,1.0) 22.13 0.0(0.0,0.0)

Chest Tightness 34.43 0.0(0.0,1.0) 38.11 0.0(0.0,1.0) 25.82 0.0(0.0,1.0) 23.77 0.0(0.0,0.0)

Constipation 15.16 0.0(0.0,0.0) 30.74 0.0(0.0,1.0) 31.97 0.0(0.0,2.0) 38.11 0.0(0.0,2.0)
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common factors were extracted: the psychological symptom cluster, the perceptual symptom cluster, the lung cancer- 
specific symptom cluster, the respiratory symptom cluster, and the radiotherapy side-effect symptom cluster (Table 3).

Sentinel Symptoms in Different Symptom Clusters During Different Periods of 
Radiotherapy
The Apriori algorithm was used to explore the existence of sentinel symptoms within each symptom cluster. At T1, six 
valid association rules were extracted for the psychological symptom cluster, which were mainly constructed around 
symptoms such as “distress”, “sleep disturbance”, and “sadness”. These three symptoms repeatedly appeared as 
antecedents, each demonstrating support > 40% and confidence > 60%. Consequently, “distress” was identified as the 
sentinel symptom occupying the pivotal node within this cluster. In the respiratory symptom cluster, a single valid 
association rule was extracted, linking “dyspnea” and “chest tightness”, both exceeding the 40% support and 60% 
confidence thresholds. The pattern indicates that “dyspnea” functions as the pivotal node within this cluster and is 
therefore designated as its sentinel symptom. Two valid association rules were extracted within the lung-cancer-specific 
symptom cluster, both centering on “cough” and “sputum production.” Both indicators met the required support and 
confidence standard, suggesting that “cough” acts as the pivotal node in this cluster and is therefore designated its 
sentinel symptom. At T3, four valid association rules were extracted from the radiotherapy-side-effect symptom cluster. 
These rules primarily involved “pain”, “dry mouth”, and “decreased appetite”. All three symptoms repeatedly served as 

Table 3 Rotated Factor Loadings of Symptoms in Lung Cancer Patients During Different Periods of Radiotherapy

Symptom Cluster One Day Before 
Radiotherapy

After 10 Sessions of 
Radiotherapy

After 20 Sessions of 
Radiotherapy

At the End of 
Radiotherapy

Psychological Symptom 
Cluster

Distress 0.955 Sadness 0.945 Sadness 0.919 Sadness 0.917

Sadness 0.920 Distress 0.936 Distress 0.910 Distress 0.911

Sleep Disturbance 0.681 Sleep Disturbance 0.771 Sleep Disturbance 0.752 Sleep Disturbance 
0.681

Respiratory Symptom Cluster Chest Tightness 0.946 Chest Tightness 0.930 Chest Tightness 0.932 Shortness of Breath 

0.931
Shortness of Breath 

0.939

Shortness of Breath 0.911 Shortness of Breath 0.929 Chest Tightness 0.911

Lung Cancer-Specific 
Symptom Cluster

Coughing 0.923 Expectoration 0.930 Coughing 0.913 Coughing 0.881

Expectoration 0.912 Coughing 0.914 Expectoration 0.908 Expectoration 0.857

Perceptual Symptom Cluster Pain 0.828 Dry Mouth 0.821 Somnolence 0.786 Obliviscence 0.651
Numbness 0.821 Pain 0.718 Fatigue 0.678 Somnolence 0.643

/ Decreased Appetite 

0.718

Numbness 0.582 Fatigue 0.640

/ Numbness 0.562 Nausea 0.578 Nausea 0.633

/ Constipation 
0.561

Constipation 
0.505

Constipation 
0.578

Radiotherapy Side-Effect 

Symptom Cluster

/ Pain 0.832 Dry Mouth 0.863

/ / Decreased Appetite 

0.826

Pain 0.828

/ / Dry Mouth 0.802 Decreased Appetite 
0.690

Cumulative variance 

contribution rate (%)

75.856 65.774 70.191 69.233

Cronbach’s α coefficient <0.001 <0.001 <0.001 <0.001

KMO value 0.602 0.703 0.772 0.806
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antecedents, with both support and confidence surpassing the preset thresholds. Among them, “pain” demonstrated the 
strongest associative link and was therefore designated the sentinel symptom of this cluster. At T4, four valid association 
rules were extracted within the sensory symptom cluster, centering on “drowsiness”, “constipation”, and “fatigue”. These 
three symptoms repeatedly appeared as antecedents across the rules, each satisfying the required support and confidence 
thresholds. The pattern indicates that “drowsiness” occupies the pivotal node in this cluster and is therefore designated its 
sentinel symptom (Table 4).

Discussion
This is the first study to investigate symptom clusters and sentinel symptoms in lung cancer patients during radiotherapy. We 
found that five symptom clusters exist during radiotherapy, with psychological, respiratory, and lung cancer-specific symptom 
clusters persisting from one day before radiotherapy to the end of treatment. These results are consistent with those of Li JJ 
et al26 and Ju X et al13 in lung cancer patients during the perioperative period and the first cycle of chemotherapy. Notably, the 
perceptual symptom cluster and the radiotherapy side effect symptom cluster were identified for the first time in lung cancer 
patients receiving radiotherapy and exhibited specificity in terms of the composition and onset time of symptoms. Ultimately, 
our study identified distress, shortness of breath, and coughing as sentinel symptoms for the psychological, respiratory, and 
lung cancer-specific symptom clusters, respectively. Pain was identified as the sentinel symptom for the radiotherapy side- 
effect symptom cluster after 20 sessions of radiotherapy, and somnolence was identified as the sentinel symptom for the 
perceptual symptom cluster at the end of radiotherapy. These findings provide new insights for symptom monitoring and 
management in lung cancer patients, potentially improving quality of life and treatment outcomes.

The psychological symptom cluster consists of sadness, distress, and sleep disturbance and persists throughout the 
radiotherapy period. One day before radiotherapy, the incidence rates of sadness, distress, and sleep disturbance were all 

Table 4 Apriori Algorithm Results for Symptom Associations in Lung Cancer Patients Before Radiotherapy (N = 244)

Radiotherapy Sessions Symptom Cluster Antecedent 
Symptom

Consequent 
Symptom

Support Confidence Lift

One Day Before 

Radiotherapy

Psychological Symptom Cluster Distress Sleep Disturbance 55.328 66.667 1.564

Distress Sadness 55.328 82.963 1.687

Sadness Sleep Disturbance 49.13 60.833 1.427
Sadness Distress 49.13 93.333 1.687

Sleep Disturbance Sadness 42.623 70.192 1.427

Sleep Disturbance Distress 42.623 86.538 1.564
Respiratory Symptom Cluster Shortness of 

Breath

Chest Tightness 43.033 79.048 2.296

Lung Cancer-Specific Symptom 

Cluster

Coughing Expectoration 80.328 73.98 1.203

Expectoration Coughing 61.745 96.667 1.203
After 20 Sessions of 

Radiotherapy

Radiotherapy Side-Effect 

Symptom Cluster

Dry Mouth Decreased 

Appetite

71.311 62.644 1.39

Dry Mouth Pain 71.311 81.609 1.345
Pain Decreased 

Appetite

60.656 68.919 1.529

Pain Dry Mouth 60.656 95.946 1.345
Decreased 

Appetite

Pain 45.082 92.727 1.529

Dry Mouth Dry Mouth 45.082 99.091 1.39
At the End of 

Radiotherapy

Perceptual Symptom Cluster Fatigue Somnolence 74.14 63.536 1.348

Somnolence Constipation 47.131 66.087 1.479

Somnolence Fatigue 47.131 100.00 1.348
Constipation Somnolence 44.672 69.725 1.479

Constipation Fatigue 44.672 98.165 1.323
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close to 50%, and by the end of radiotherapy, these rates approached 70%. It shows that the psychological burden of 
patients is significantly increased with the process of radiotherapy. These results are similar to those of Luo Y et al18 in 
lung cancer patients during the first cycle of chemotherapy, confirming that the psychological symptom cluster is both 
highly prevalent and fluctuates across the different phases of radiotherapy in lung cancer patients. Notably, the present 
study identified “distress” as the sentinel symptom of this cluster, which differs from Luo et al’s report that “sadness” 
occupied the sentinel role.18 This discrepancy may be attributable to disease-specific factors, symptom burden, individual 
coping styles, social support, and intrusive thoughts.27–30 In mainland China, most patients referred for radiotherapy have 
either lost the opportunity for surgery or have relapsed after surgery, chemotherapy, targeted therapy, or immunotherapy. 
In our study, 88.93% had previously received other treatments. Before radiotherapy, most patients showed psychological 
distress such as worry, helplessness and distress due to economic pressure and poor early treatment. During radiotherapy, 
patients often show negative emotions such as tension, anxiety and distress when they have discomfort symptoms due to 
concerns about the efficacy and related side effects of radiotherapy, which affects patients’ cognition of disease and 
treatment, and reduces their compliance and cooperation with treatment. Studies have shown that long-term psycholo
gical distress can affect the autonomic nervous system and endocrine function, inhibit the immune system function, 
reduce the body ‘s tolerance to tumors and treatment-related adverse reactions, aggravate physical symptoms, and lead to 
adverse outcomes such as tumor metastasis, deterioration, and recurrence.27 Therefore, medical service providers need to 
carry out psychological assessment and management for sentinel symptoms such as distress, sadness and sleep disorders 
as soon as possible. Before radiotherapy, they can help patients reduce psychological distress and establish treatment 
confidence by means of distraction and positive motivation. Radiotherapy-related side effects and treatment effects were 
evaluated during and after radiotherapy to reduce the psychological burden of patients, improving radiotherapy tolerance 
and compliance and optimizing the treatment effect.

In our study, chest tightness and dyspnea formed the respiratory symptom cluster, with dyspnea identified as the 
sentinel symptom. The findings are basically consistent with those of Luo et al18 in Chinese patients during the first cycle 
of chemotherapy. However, there are still differences in the incidence of chest tightness and dyspnea between the two 
studies. Specifically, prevalence was similar before treatment, but as radiotherapy progressed, our patients reported 
markedly lower rates than those reported by Luo et al. The reasons may be as follows. Before radiotherapy, lung tumor, 
pleural effusion or hilar lymphadenopathy may compress the airway or lung, resulting in symptoms such as chest 
tightness and shortness of breath.31,32 During radiotherapy, radiotherapy can accurately irradiate the patient ‘s lung tumor 
and enlarged lymph nodes. According to the biological effects of radiotherapy, the tumor or metastatic lymph nodes may 
be significantly reduced after about 20 sessions of radiotherapy, thereby significantly alleviating the patient ‘s chest 
tightness and dyspnea.33 Combined with the changes of sentinel symptoms, chest tightness and dyspnea, it is suggested 
that medical providers should early evaluate the respiratory function of patients, and urge and encourage patients to carry 
out respiratory function exercise to alleviate the distress of respiratory symptoms.

The lung-cancer-specific symptom cluster is composed of cough and expectoration. Cough is regarded as the sentinel 
symptom of this symptom group. With the increase of radiotherapy times, the incidence of cough and expectoration is on 
the rise. In patients with lung cancer after surgery or chemotherapy, cough and expectoration are mostly attributed to 
respiratory symptom clusters.15,16,18 However, radiotherapy is different from the above treatment methods. Radiotherapy 
directly acts on lung tumors or lymph nodes via ray, and may also affect the normal tissue structure when killing tumor 
cells. In the middle and late stages of radiotherapy, patients may have cough and expectoration symptoms due to damage 
to tracheal mucosa and lung tissue.34,35 Combined with the particularity of sentinel symptoms and radiotherapy, it is 
suggested that medical providers should strengthen the supervision and health education of patients, persuade patients to 
quit smoking and increase daily drinking water to relieve cough symptoms. Meanwhile, patients are encouraged to carry 
out moderate aerobic exercise, endurance training and respiratory function exercise to slow down the loss of lung 
function. In view of the climatic characteristics of Yunnan, China, which is located in the plateau and has a large 
temperature difference between day and night, it is recommended that patients should keep warm and wear masks to 
reduce the impact of cold air stimulation on the respiratory tract, thereby reducing symptoms such as cough.

Perceptual symptom clusters and radiotherapy-related side effects symptom clusters are the first symptom clusters 
identified in patients with lung cancer radiotherapy. The perceptual symptom cluster was composed of pain and 
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numbness on the day before radiotherapy. With the increase of the sessions of radiotherapy, the composition of the 
perceptual symptom cluster expanded to include dry mouth, pain, loss of appetite, numbness and constipation at 10 
sessions of radiotherapy, and remained unchanged at 20 times of radiotherapy. The symptom cluster of radiotherapy- 
related side effects appeared for the first time and the 20th session of radiotherapy and remained stable This 
phenomenon may be related to the following factors: the patients receiving radiotherapy are mostly middle and late 
patients who have lost the chance of surgery or after surgery. All the patients were stage III and IV, and most of them 
were accompanied by lymph node metastasis and bone metastasis in this study. The surrounding normal nerves were 
susceptible to tumor compression, resulting in pain and numbness.36 Therefore, before radiotherapy, the patient ‘s 
perceptual symptom clusters were mainly pain and numbness. With the sessions of radiotherapy, radiotherapy-related 
side effects gradually appear and the degree is aggravated until 10 sessions of radiotherapy. Symptoms such as pain, 
dysphagia, fatigue and loss of appetite caused by radiation esophagitis may occur,6,18,37–39 making the perception 
symptom cluster items change accordingly, and the radiotherapy side effect symptom cluster appears. According to the 
Apriori algorithm, pain was identified as the sentinel symptom of the radiotherapy side-effect symptom cluster after 20 
sessions of radiotherapy, and drowsiness was identified as the sentinel symptom of the perceived symptom cluster at 
the end of radiotherapy. Therefore, it is recommended that medical service providers should evaluate radiotherapy- 
related side effects every week for patients who have received radiotherapy more than 10 times, and timely relieve 
adverse reactions. Meanwhile, preventive use of esophageal, gastric mucosal protective agents, and skin protective 
agents can reduce the incidence of radiation esophagitis and dermatitis, and prevent symptom distress caused by 
radiotherapy-related side effects.

Limitations
This study has some limitations. First of all, the follow-up time extends to the end of the patient ‘s radiotherapy, and does 
not cover the long-term symptom distress after discharge. Secondly, this study only uses the Apriori association rule 
algorithm to explore the co-occurrence and sentinel symptoms of symptoms in different radiotherapy periods, and it is 
still unable to reveal the causal relationship between symptoms and effect prediction. In the future, it is suggested to carry 
out multi-center, large-sample longitudinal research, and integrate big data and artificial intelligence technology to 
construct a more accurate longitudinal change model of frailty symptoms to optimize the symptom identification and 
management in the process of radiotherapy and further improve the quality of life of lung cancer patients.

Conclusion
The study systematically identified the symptom clusters and sentinel symptoms of lung cancer patients during radio
therapy via prospective longitudinal analysis. Psychological, respiratory, and lung-cancer-specific clusters remained 
stable throughout the entire course of treatment. Perceptual symptom clusters and radiotherapy side effect symptom 
clusters are gradually emerging during the radiotherapy process. In different radiotherapy periods, the sentinel symptoms 
of each symptom group also showed phased changes: distress, dyspnea and cough were the main symptoms before 
radiotherapy, while pain and drowsiness were the main symptoms in the middle and late stages of radiotherapy. These 
sentinel symptoms have significant linkage and indicative significance within their respective symptom clusters, which 
can be used as an important reference for clinical symptom management. This study not only provides theoretical support 
for symptom assessment and precise nursing intervention during radiotherapy, but also lays a foundation for the 
establishment of subsequent early warning models and the development of intelligent intervention pathways.
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