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ABSTRACT

Background: Lung cancer, one of the most prevalent and deadly malignancies worldwide, not only poses a significant physical
burden but also a profound psychological challenge to patients. Among these psychological challenges, the fear of recurrence
stands out as a particularly distressing issue. This fear, often rooted in the patients’ past experiences with the disease and its
treatment, can significantly impact their quality of life, mental health, and even compliance with follow-up care. Moreover, this
fear can be exacerbated by the lack of understanding and support from healthcare professionals and family members, further
isolating patients and compounding their psychological burden. Therefore, understanding and addressing the fear of
recurrence in lung cancer patients is crucial for improving their overall well-being and outcomes. Aims: This study aims to
develop a symptom network model for fear of recurrence in early-stage lung cancer patients, analyzing symptom correlations
to enhance healthcare providers’ understanding and management of these symptoms, thereby improving patient outcomes and
quality of life. Design: A cross-sectional study design was used. Method: We employed convenience sampling to recruit 551
lung cancer patients from the Thoracic Surgery Department of a tertiary hospital in Beijing between January 2023 and
December 2023. A cross-sectional study was conducted using the General Information Questionnaire, Fear of Disease
Progression Scale, and Level of Hope Scale. Network analysis was performed with JASP 0.18.3.0 using the EBICglasso method,
and centrality metrics including Betweenness, Closeness, Degree centrality, and Expected influence were calculated. Results:
Symptom network analysis identified fear of family impact and future work disruption as central to recurrence fear in these
patients. Gender-based analysis revealed ‘fear of being unable to continue work’ as central in males, while ‘fear of affecting
family members’ was central in females. Among adolescents, concerns about future work, medication side effects, and family
impact showed the highest expected influence. In contrast, older patients predominantly feared major treatment implications.
One-way ANOVA indicated that older age correlated with reduced recurrence fear, and higher hope levels significantly
mitigated this fear. Conclusion: This study broadens understanding of fear of recurrence across demographic variables like
gender and age, elucidating symptom interrelations and impacts. Future strategies should focus on patient-specific differences
in recurrence fear to formulate targeted interventions. Relevance to Clinical Practice: Through in-depth analysis of the
symptom network, healthcare professionals can more comprehensively understand the psychological responses of lung cancer
patients when they face the risk of recurrence, and then formulate more precise and personalized treatment plans. At the same
time, doctors and nurses can adjust treatment strategies in a timely manner according to the changes in the patient’s symptom
network and provide more comprehensive psychological support, thus enhancing the patient’s treatment adherence and
outcome. Patient Contribution: People who were invited to participate voluntarily completed a range of questionnaires.
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Background

Cancer continues to be a significant global public health
challenge and a key driver of the worldwide economic
burden. According to the most recent statistics from the
International Agency for Research on Cancer (IARC) of the
World Health Organization (WHO), released on 02
February 2024, lung cancer accounted for 1.8 million deaths
globally. This represents 18.7% of all cancer fatalities,
placing lung cancer at the forefront of the cancer mortality
spectrum [1]. As scientific research progresses and clinical
evidence accumulates, the survival and prognosis for
patients with early-stage non-small cell lung cancer have
significantly improved, changing public perception from a
fear of cancer to viewing it as a manageable condition.
However, the completion of treatment marks not an end but
the beginning of a new phase, often overshadowed by the
fear of recurrence—a persistent concern that can
unexpectedly unsettle patients. This fear, known as Fear of
Cancer Recurrence (FCR), is a prevalent and distressing
emotional experience during the protracted, uncertain
journey of treatment and recovery, driving worries about
recurrence and metastasis. FCR encapsulates the deep-seated
anxiety of the unknown, confronting patients with an
ongoing psychological challenge [2]. The psychological state
of fear and worry persists across the treatment and survival
trajectory for lung cancer patients. Research indicates that
up to 97% of these patients experience fear of recurrence at
some point during their illness journey [3]. During this
phase, lung cancer patients frequently encounter emotional
fluctuations that can lead to feelings of helplessness and
confusion. The pervasive fear of the disease often results in
anxiety, depression, and other psychological issues,
markedly diminishing their quality of life [4].
Simultaneously, research has revealed that fear of recurrence
may drive some patients to avoid follow-up and screening
appointments. This avoidance behavior increases the risk of
late detection of recurrence, subsequently reducing survival
rates [5]. Conversely, some patients, driven by fear of
recurrence, may engage in excessive health monitoring and
frequent doctor consultations, leading to over-testing and
over-treatment. This not only wastes healthcare resources
but also heightens the risks of medical radiation exposure.
Moreover, it perpetuates and intensifies anxiety, potentially
undermining the effectiveness of their treatment [6].
Furthermore, the FCR extends beyond the individual
patient, impacting families and society. Research indicates
that family caregivers often exhibit higher levels of FCR
than the patients themselves, leading to social isolation for
both the patient and the family. This not only diminishes
the caregivers’ capacity to provide effective care but also
adversely affects the patient’s quality of survival [7].

FCR, as a form of mental distress, is increasingly
recognized as the sixth vital sign in assessing a cancer
patient’s health status, complementing the traditional five
signs: temperature, respiration, heart rate, blood pressure,
and pain. Recent studies have demonstrated the utility of
FCR in clinical practice. For example, Simard et al.
highlighted FCR as a significant predictor of psychological
well-being in cancer survivors. Additionally, Lebel et al.

showed that incorporating FCR assessments into routine
care improved patient outcomes by facilitating timely
psychological interventions. Such evidence underscores the
importance of FCR in comprehensive cancer care [8–10].
Accurate identification and assessment of a patient’s fear of
relapse are imperative. Research indicates that FCR is a
unique, independent, and multidimensional construct,
distinct from anxiety, depression, and distress, characterized
by its specific features and underlying mechanisms [11].
Presently, FCR assessment in clinical settings primarily
relies on standardized scales. These tools are valued for their
simplicity, time efficiency, clear results, and scientific
reliability, allowing for quantitative scoring across various
scenarios and severity grading. The 12-item Fear of Disease
Progression Simplified Scale stands out as a universally
acknowledged instrument that has been effectively employed
to evaluate FCR [12]. Previous uses of the scale to explore
and evaluate the diagnostic significance of patients’ fear of
relapse thresholds have overlooked the interactions and
impacts among the scale’s individual items. Symptom
management is paramount in contemporary healthcare,
necessitating the identification, comprehension, and
management of a broad spectrum of patient symptoms.
Research advocates for a more precise assessment of
patients’ conditions and needs, leading to the creation of
tailored care plans.

With the advent of precision medicine, the Nursing
Science Precision Health (NSPH) model has gained
prominence. From a precision health perspective, symptom
science is increasingly directed towards creating
personalized strategies for diagnosing, treating, and
preventing the adverse symptoms of disease across diverse
populations and settings [13]. Precise measurements are
crucial in elucidating why individuals with the same clinical
diagnosis exhibit varied symptoms, severity levels, triggers,
and impacts on daily life, and why they respond differently
to pharmacological and non-pharmacological therapies [14].
Against this backdrop, the concept of the symptom network
has gained prominence, referring to the interconnected and
mutually influential symptoms experienced by patients
throughout their illness trajectory [15]. Currently, scholars
internationally have conducted extensive research across
various medical fields, including cancer, diabetes, AIDS,
heart disease, and perioperative care, to investigate the
application of symptom management theory in nursing
practice [16]. The development of a symptom network
model enables healthcare professionals to obtain a
comprehensive and nuanced understanding of patients’
symptomatic profiles, thereby enhancing symptom
management. Symptom management theory advocates for
an approach grounded in the individuality of symptoms,
promoting the formulation of hypotheses, their validation,
and the subsequent development of tailored symptom
management strategies to ameliorate patients’ health issues,
enhance treatment outcomes, and improve quality of life.
Accordingly, this study aims to employ symptom network
analysis to systematically examine the core elements and
distinct characteristics of the Fear of Cancer Recurrence
(FCR) scale. The goal is to pinpoint the central symptoms of
recurrence fear in patients with early-stage non-small cell
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lung cancer and to elucidate their interconnections. This
analysis will inform the creation of personalized
psychological intervention plans, aiming to improve
intervention efficacy, support recovery and survival quality,
and aid in clinical decision-making.

Methods

Design
An anonymous cross-sectional survey.

Participants
This study employed a cross-sectional survey method,
targeting lung cancer patients from the Department of
Thoracic Surgery at a tertiary hospital in Beijing between
January 2023 and December 2023. Inclusion criteria were as
follows: (1) non-small cell lung cancer confirmed by
postoperative pathology with a pathological stage of 1–2; (2)
age over 18 years; (3) awareness of their diagnosis; and (4)
clear consciousness and no communication barriers.
Exclusion criteria included: (1) serious cardiac, hepatic,
renal, or other functional disorders; (2) cognitive or
psychosomatic disorders; and (3) impaired hearing and
language expression, preventing study cooperation.
Participants provided informed consent and voluntarily
joined the study, which received ethical approval from the
Ethics Committee of the Cancer Hospital of the Chinese
Academy of Medical Sciences (Approval No. 23/179-3921).

For sample size determination, we used the PASS
software for a cross-sectional survey with continuous
variables, assuming a two-sided test, alpha of 0.05, Based on
previous studies a mean recurrence fear score of 31.98, a
standard deviation of 8.98 [17], and an allowable error of 1.
The calculated sample size was 310 cases, adjusted for a 20%
non-response rate, resulting in a required sample of 372
cases. To enhance scientific validity, this study ultimately
included 596 participants, exceeding the calculated sample
size requirement.

Survey instruments

General information collection form
We developed a bespoke general information questionnaire,
informed by relevant literature. This questionnaire gathered
socio-demographic details, including age, gender, education
level, and monthly income, as well as disease-related
information, such as pathological type, staging, family
history of cancer, comorbidities, and the receipt of
radiotherapy and chemotherapy.

Revised fear of progression scale (FoP-Q-SF)
The scale, developed by Mehnert et al. in Germany, builds on
the Fear of Progression Questionnaire (FoP-Q). Initially
crafted to measure anxiety and fear in patients with chronic
diseases requiring ongoing medication, such as
hypertension, it was later adapted for use among cancer
patients. The scale comprises two dimensions—physical
health and social/family life—each with six assessment
items, totaling 12 items. Patients self-report their responses
using a Likert scale ranging from 1 (‘never’) to 5 (‘always’),

leading to a possible total score between 12 and 60, where
higher scores indicate greater FCR. The scale’s reliability is
evidenced by a Cronbach’s alpha of 0.87, while in this study,
it achieved a Cronbach’s alpha of 0.913 [18].

Hope level scale
Hope levels were measured using the Herth Hope Inventory
(HHI), a scale comprising three dimensions: positive
attitudes toward reality and the future (4 items), positive
behavior adoption (4 items), and sustaining close
relationships (4 items), totaling 12 items. Responses are
scored on a 4-point scale, with higher scores indicating
greater hope. The HHI has demonstrated reliability, with a
Cronbach’s alpha of 0.767; in this study, it achieved a
Cronbach’s alpha of 0.807 [19].

Data collection
To facilitate data collection, we utilized ‘Questionnaire Star’ to
create an electronic questionnaire, generating a QR code
distributed via the research team’s WeChat. Patients were
invited to scan the code and complete the survey. The
questionnaire’s opening page provided a standard
introduction, outlining the study’s purpose and significance,
completion instructions, and assurances of anonymity,
voluntary participation, and data privacy. It was configured
to allow only one response per IP, with a flip-page question
format and mandatory answer requirements. After rigorous
verification, data were exported to an Excel sheet. The
survey, initiated on 04 January 2023, concluded on 08
December 2023, after gathering data from 596 participants.
Post-data cleansing, which involved removing 24 responses
due to excessively short completion times (under 180 s) and
21 for patterns indicating non-valid responses (like uniform
or contradictory answering), yielded 551 valid
questionnaires, representing a 92.44% response rate.

Data analysis
Statistical analyses of baseline characteristics were conducted
using SPSS 25.0. Categorical variables were presented as
frequency and percentage, while continuous variables were
described using mean ± standard deviation. Differences in
continuous variables across groups were evaluated using
one-way ANOVA, with Harman’s one-way test applied to
assess common method bias. A p-value of < 0.05 was
considered statistically significant. Network analyses were
conducted with JASP 0.18.3.0; individual fear network
analysis utilized the EBIC glasso method, and influence
factor network analysis employed the mgm method.
Centrality metrics, including Betweenness, Closeness, Degree
centrality, and Expected influence, were calculated to assess
the network’s properties.

Results

Baseline characteristics
A total of 596 questionnaires were distributed in this study,
and 551 postoperative patients with early-stage lung cancer
were formally included. Among them, 212 cases were male
and 339 cases were female, and the recurrence fear index of
male (28.0 ± 9.8) was significantly lower than that of female
(30.5 ± 8.7) (p = 0.002), as shown in Table 1.
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TABLE 1

Baseline characteristics

Variables Number Percentage Mean SD t/F p

Sex 9.809 0.002

Male 212 38% 28.03 9.82

Female 339 62% 30.53 8.65

Age 6.010 .015

≤44 109 20% 31.55 7.94

>44 442 80% 29.16 9.46

Number of episodes 1.602 0.206

Initial onset 527 96% 29.68 9.10

Recurrence 24 4% 27.25 10.93

Course classification 0.249 0.78

0–12 months 421 76% 29.42 9.14

13–36 months 92 17% 30.09 9.65

>36 months 38 7% 30.03 8.87

Number of lesions 1.184 0.277

A single 289 52% 29.17 9.60

Multiple 262 48% 30.02 8.72

Smoking 3.064 0.081

Yes 92 17% 28.04 10.95

No 459 83% 29.88 8.78

Ethnicity 2.235 0.136

Han nationality 510 93% 29.41 9.10

Ethnic minorities 41 7% 31.63 10.21

Religion 1.379 0.241

Yes 25 5% 31.68 11.75

No 526 95% 29.47 9.05

Occupation 1.958 0.083

Worker 43 8% 30.44 9.59

Technical personnel 38 7% 29.03 12.84

Farmer 33 6% 30.18 8.89

Businessmen or self-employed workers 108 20% 31.27 7.95

Administrative staff 91 17% 30.46 8.45

Health care workers 238 43% 28.31 9.18

Monthly income 3.119 0.026

<3000 88 16% 31.66 10.26

3000–5000 179 32% 30.22 9.17

5001–10,000 168 30% 28.41 8.74

>10,000 116 21% 28.66 8.76

Medical payment method 0.811 0.445

Own expense 31 6% 30.97 9.12

Public expense 48 9% 28.31 8.42

Medical insurance 472 86% 29.61 9.27

Type of pathology 0.135 0.873

Squamous cell carcinoma 27 5% 29.22 10.20

Adenocarcinoma 523 95% 29.58 9.15

Large cell carcinoma 1 0% 34.00 .

(Continued)
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Symptom network analysis of fear of recurrence in early stage
lung cancer patients
Network analysis results, depicted in Fig. 1A and detailed in
Tables S1 and S2, revealed significant connections within
the Fear of Recurrence Scale. Notably, the strongest linkage
was between item 1 (fear of progress) and item 2 (fear of
examination), and between item 7 (fear of relying on
strangers) and item 8 (fear of discontinuing hobbies), each
with a connection weight of 0.278 (Table S3). Centrality
analysis, shown in Fig. 1B, identified item 11 (fear of family
repercussions) as having the highest Expected Influence (EI)
index, indicating it as a central symptom with a strong
positive correlation to other symptoms. Additionally, item 4

(fear of affecting future work) exhibited the highest scores in
closeness and betweenness centrality, along with a high EI
index, underscoring its pivotal role in the symptom network.

Gender differences in the recurrence fear symptom network of
early stage lung cancer
Comparative analysis of the recurrence fear symptom
networks between genders revealed distinct patterns,
illustrated in Fig. 2A,B. In males, the strongest network
connection was between items 6 and 7 of the recurrence
fear scale (0.294), with the next highest between items 11
(worry about family) and 12 (worry about work continuity)
at 0.236. For females, the highest linkage weight was found

Table 1 (continued)

Variables Number Percentage Mean SD t/F p

T stage 0.809 0.446

1 488 89% 29.66 9.19

2 56 10% 29.30 9.14

3 7 1% 25.29 10.34

N stage 0.495 0.482

0 544 99% 29.60 9.19

1 7 1% 27.14 9.74

Preoperative tumor markers 3.275 0.071

Normal or unchecked 420 76% 29.97 8.95

Abnormal 131 24% 28.31 9.86

Family history 0.113 0.737

Yes 153 28% 29.78 9.59

No 398 72% 29.49 9.05

Marital status 0.954 0.386

Unmarried 19 3% 32.42 8.99

Married 505 92% 29.46 9.17

Divorced 27 5% 29.70 9.68

Whether you have children 3.004 0.084

Yes 523 95% 29.41 9.23

No 28 5% 32.50 8.15

Living alone 0.008 0.931

Yes 138 25% 29.63 9.50

No 413 75% 29.55 9.10

Combined with the underlying disease 2.054 0.152

Yes 188 34% 28.79 9.03

No 363 66% 29.98 9.26

Chemotherapy 5.688 0.017

Yes 29 5% 33.52 9.56

No 522 95% 29.35 9.13

Radiotherapy 3.102 0.079

Yes 13 2% 34.00 10.64

No 538 98% 29.46 9.14

Herth hope index 33.602 0

≤35 267 48% 31.85 8.99

>35 284 52% 27.43 8.88
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between items 7 (relying on strangers) and 8 (continuing
hobbies) at 0.462, with item 1 (fear of progress) and item 2
(fear of examination) also showing significant connectivity
at 0.315 (detailed in Table S4).

Centrality analysis, shown in Fig. 2C, identified item 12
(fear of not being able to continue working) as the central
symptom in the male network, exhibiting the highest
expected impact index, closeness, and betweenness
centrality. In females, item 11 (fear of affecting family)
emerged as the central symptom, with the highest values in
expected impact, closeness, and betweenness centrality.
These findings indicate that men primarily fear the loss of
work capability, whereas women are more concerned about
the disease’s impact on their families.

Age differences in recurrence fear symptom networks in early
stage lung cancer
Comparative analysis was conducted on the recurrence fear
symptom networks across different age groups, with
findings presented in Fig. 3A,B. For adolescents, the
strongest connection was between item 7 (fear of relying on
strangers) and item 8 (fear of discontinuing hobbies) with a
weight of 0.407, followed by item 3 (fear of pain) and item 4
(fear of impacting future work) at 0.313. In the middle-aged
and elderly group, the most significant links were between
item 1 (fear of disease progression) and item 2 (fear of
regular checkups) at 0.335, and between item 10 (fear of
treatment side effects) and item 11 (fear of family impact) at
0.28 (detailed in Table S5).

FIGURE 1. Fear of recurrence network analysis: overall characteristics and associations ((A): Results of the network analysis of the relapse fear
scale; (B): Results of centrality analysis).
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Centrality analysis, depicted in Fig. 3C, indicated that in
adolescents, items 4 (fear of affecting future work), 10 (fear of
treatment harming the body), and 11 (fear of family impact)
had the highest expected influence indices, identifying them
as central symptoms. Among middle-aged and elderly
patients, item 9 (fear of major treatments) emerged as the
central symptom, exhibiting the highest values in expected
influence, closeness, and betweenness centrality.

Network analysis of factors influencing recurrent fear
In the analysis, baseline characteristics significantly related to
recurrence fear were integrated with fear-related symptoms
using mgm network analysis, as shown in Fig. 4A. Age
emerged as a pivotal factor, with older individuals exhibiting
less fear of recurrence. Notably, the reduction in relapse fear
with increasing age was primarily mediated by a decrease in
item 12 (fear of not being able to continue working).

FIGURE 2. Fear of recurrence network analysis: the influence of the gender factor (This figure illustrates the fear of recurrence network among
different gender groups. The nodes represent various factors contributing to the fear of recurrence, and the edges represent the relationships
between these factors. (A): Network for male patients, highlighting the most salient connections and nodes. (B): Network for female patients,
with emphasis on distinct patterns compared to males. (C): Centrality analysis).
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Harman’s one-way ANOVA indicated that the first
factor accounted for 37.6% of the variance in relapse fear
and the hope index, which is below the 50% threshold,
suggesting minimal common method bias. The combined
symptom network analysis of relapse fear and the hope
index, depicted in Fig. 4B, revealed that item 6 from the
hope index (fear of the future) acts as a critical bridge.
Specifically, the amelioration of relapse fear due to an
increased hope index is predominantly achieved through the
alleviation of future-related fears (Table S6).

Discussion

Diverse network structures among patients underscore the
potential for personalized medicine, enabling healthcare
professionals to create individualized treatment plans and
symptom management strategies [20]. This study
investigated the network structure of recurrence fear in
early-stage lung cancer patients, where the edge weight in
the symptom network signifies the correlation strength
between different symptoms. Understanding these edge

FIGURE 3. Fear of recurrence network analysis: the influence of the age factor (This figure depicts the fear of recurrence network stratified by
age groups. It shows how factors influencing fear of recurrence vary across different age categories. (A): Network for adolescents patients. (B):
Network formiddle-aged and elderly; (C): Centrality analysis).
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weights assists clinical staff in comprehending the interactions
and influences among symptoms. This knowledge unveils
crucial symptom correlation patterns, thereby enabling more
precise diagnostic and treatment recommendations [21].
The study revealed that the strongest connections within the
network were between fear of disease progression and fear
of examination, and between fear of relying on strangers
and fear of losing the ability to continue hobbies, each with
a significant weight of 0.278. This observation aligns well
with the relapse fear model proposed by Lee-Jones et al.,
offering a robust explanation for these relationships [22],
Lee-Jones posited that internal and external cues are crucial
in triggering cognitive, emotional, and behavioral responses
associated with FCR. Patients with heightened FCR levels
tend to engage in behaviors like excessive self-examination,
frequent seeking of advice, and restricted future planning,
which temporarily alleviate anxiety and provide comfort. In
the network analysis, central symptoms included fear of
family impact and fear of hindering future work. Thus, it is
advisable that psychological interventions and health
guidance increasingly address the disease’s effects on social
roles and functions. Clinical practice guidelines suggest
integrating cognitive-behavioral therapy (CBT) and
mindfulness-based stress reduction (MBSR) to help patients
manage FCR effectively [23]. Additionally, supportive-
expressive group therapy has shown promise in alleviating
FCR by fostering a sense of community and shared
experience among patients [24]. These therapeutic
approaches can be tailored to address the specific fears
identified in the network analysis, providing targeted and
effective interventions.

Additionally, fears and hopes are often influenced by
social and cultural circumstances. The national health and

welfare system plays a pivotal role in the treatment process
over time. In our country, the health system provides
comprehensive coverage for cancer diagnosis and treatment,
which can alleviate some of the financial and logistical
burdens on patients. This support may reduce anxiety
related to treatment costs and accessibility, potentially
influencing the levels of FCR and overall psychological well-
being. Furthermore, cultural attitudes towards cancer and
health can shape patients’ experiences and expectations,
impacting their emotional responses and coping
mechanisms. Future research should explore the interplay
between these social, cultural, and systemic factors and their
effects on patient outcomes. Understanding these dynamics
can help tailor interventions that address both the medical
and psychosocial needs of cancer patients, leading to more
holistic and effective care.

In examining gender disparities in recurrence fear among
early-stage lung cancer patients, we noted significant
differences in the centrality rankings and local connectivity
of symptoms between genders. Males showed the highest
expected impact index for fear of work discontinuation,
making it central in their network. Females, conversely, had
the highest expected impact index for fear of affecting
family members, positioning it at the network’s core. These
findings likely reflect the varied social divisions of labor,
roles, cognitive schemas, and coping strategies between
genders [25]. Traditionally, societal expectations have
positioned women primarily in caregiving roles, involving
household and childcare responsibilities. Consequently,
women may express heightened concern over how illness
impairs their capacity to fulfill these roles. Additionally, as
key providers of emotional support within families, women
worry about the emotional and life impacts of their illness

FIGURE 4. FCR-factors co-network ((A): results of mgm network analysis of baseline characteristics and fear-related symptoms; (B):
Comprehensive symptom network analysis of relapse fear and the hope index, showing Item 6 of the hope index (fear of the future) as a
key bridge).
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on family members, heightening anxiety about family
dynamics. Moreover, following significant traumatic events,
women are more inclined to perceive the world as perilous,
self-blame, and form negative self-perceptions, leading to
feelings of failure and guilt [25]. Traditional societal roles
often cast men as the primary financial providers,
responsible for maintaining stable family income.
Consequently, men may harbor increased concerns about
how illness could impair their work performance and
financial stability, thereby heightening work-related anxiety
and worry. Furthermore, societal recognition and self-
esteem issues mean that men are often more aware of their
societal and workplace status, leading to fears that illness
might tarnish their image and standing among peers and
supervisors [26]. We recommend that individuals, during
illness, consider redistributing roles and responsibilities
within the family, allowing others to share tasks typically
undertaken by them. Setting realistic expectations and
accepting potential limitations in fulfilling usual
responsibilities, while maintaining a positive outlook and
seeking professional assistance, can help manage fear.
Medical professionals should promote symptom self-
reporting among patients to improve nurse-patient
communication. However, it is important to recognize the
variability in patient self-reporting. Patients, regardless of
gender, should be guided to accurately report their
symptoms, detailing their nature, severity, and frequency, to
enhance symptom management and the accuracy of nursing
decisions.

This study’s comparative network analysis across different
age groups revealed that in adolescents, fears related to work
impact, treatment side effects, and family concerns were
central in the recurrence fear network. Adolescents, who are
in a pivotal phase of identity and self-worth development,
may thus perceive illness as a threat to their body image and
self-esteem. In contrast, middle-aged and elderly patients
primarily feared the prospect of major treatments, indicating
a shift in concern towards health outcomes over time [27].
Adolescents may fear that illness will alter their appearance
and diminish their physical abilities, affecting their roles in
work and family life. Additionally, they face multiple
expectations and pressures from family, school, and society.
Illness can exacerbate concerns about failing to meet these
expectations, impacting their future career and family
dynamics [28]. Consequently, parents, physicians, and
mental health professionals should focus on and support the
post-treatment fears of adolescent lung cancer patients,
aiding them in understanding and managing these fears to
enhance their overall health and recovery. Moreover, this
study found that concerns about major treatments were
central in the symptom network of elderly patients, aligning
with findings from previous studies [29]. The analysis
suggests that physical and psychological adaptability may
wane with age, leading middle-aged and elderly patients to
be particularly concerned about the pain, discomfort, and
side effects of treatments. Additionally, they might fear the
treatments’ impact on their bodily functions and long-term
quality of life, including concerns about physical
rehabilitation and functional recovery [30]. Family members
and healthcare providers should offer information and

emotional support to assist older individuals in managing
their treatment-related fears, thereby fostering their physical
and mental well-being and recovery. Our network analysis
revealed that fear of recurrence decreases with age in early-
stage lung cancer patients. Specifically, reducing work-related
fears can alleviate overall recurrence fear, presenting a new
focus for future interventions. Notably, adolescents rank
tenth globally in cancer burden, highlighting the significance
of addressing this issue [31]. Adolescents, as a distinct
patient group within the cancer population, face unique
challenges. They are navigating critical stages of physical,
emotional, and psychosocial development, including career
progression, higher education, relationships, and
childbearing. They also face a higher risk of long-term and
late-stage quality of life deterioration. Additionally, this age
group has specific biological, social, familial, and economic
needs. Cancer in adolescents can lead to decreased
productivity and alter the social fabric, incurring significant
societal costs. It is crucial to focus more on the psychological
aspect of recurrence fear among young early-stage lung
cancer patients. Our findings indicate that an elevated hope
index can mitigate recurrence fear, primarily by diminishing
future-related fears. This insight offers a new direction for
research, suggesting that enhancing patients’ hope levels may
overall reduce their fear of recurrence. Increasing patients’
hope and confidence about the future can be achieved by
providing detailed information on the disease, treatment, and
recovery, bolstering social support, fostering psychological
resilience, and educating them about the disease’s
progression, treatment efficacy, and recovery prospects [32–
34]. Collaborating with patients to establish realistic and
attainable recovery goals can provide them with a clear
future direction and a sense of the value of their efforts,
enhancing their hope and reducing fear of the disease. This
approach can facilitate better disease and recovery process
management [6].

Our study has several limitations that should be
acknowledged. Firstly, the focus of our research was
exclusively on early-stage non-small cell lung cancer
(NSCLC) patients. While this allowed us to address the
specific needs and challenges faced by this group, it limits the
generalizability of our findings to patients at other stages of
lung cancer or those with different types of tumors. Future
studies should include a broader spectrum of patients,
encompassing various stages of lung cancer and other tumor
types, to enhance the effectiveness of treatment approaches
and provide more comprehensive educational insights for
young colleagues. Secondly, in our analysis, we found that
patients who received adjuvant chemotherapy exhibited
higher levels of fear of recurrence (FCR). Due to the small
number of these patients, conducting a separate network
analysis would not provide robust results or sufficient
statistical power. However, we adjusted the network diagram
in Fig. 4A for clinical baseline characteristics significantly
impacting FCR, showing that adjuvant chemotherapy
influences the FCR symptom network primarily through fear
of major treatment (fear9) and fear of pain (fear3). Future
studies should focus more on the adjuvant treatment group
with larger sample sizes to accurately delineate the symptom
network for this population, as this would provide more
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comprehensive insights and enhance the effectiveness of
treatment approaches.

Conclusions

In this study, extensive clinical data from early-stage lung
cancer patients were analyzed using machine learning and
deep learning techniques to quantitatively assess recurrence
fear symptoms, enhancing the study’s reliability and
applicability. Network analysis of these symptoms elucidated
their interrelations, offering clinicians valuable insights for
refining patient assessments, treatment plans, and
prognostic evaluations, thus facilitating personalized care
and risk management. Future research should aim to
develop and evaluate targeted psychological support and
intervention strategies, further investigating the mechanisms
and determinants of recurrence fear and its impacts
on quality of life and mental health. Given that this
study’s sample was confined to early-stage lung cancer
patients in China, future research could broaden its scope to
other countries or regions to enhance the study’s
generalizability.

Relevance to Clinical Practice

The investigation into symptom network analysis of
recurrence fear in lung cancer patients holds significant
importance, as it contributes to a more profound
understanding of the complexity and multidimensionality of
recurrence fear. Through analyzing the relationships among
various symptoms reported by patients, it unveils the
interactions and potential causal links between these
symptoms. This analysis not only aids healthcare
professionals in gaining a better insight into their patients’
psychological state but also furnishes crucial insights for
developing more effective interventions.

Furthermore, symptom network analysis holds far-
reaching implications for research in related fields. Firstly, it
offers novel methodologies and perspectives for research
within the realms of psychology, psychiatry, and clinical
psychology. By delving into the symptom networks
associated with patients’ relapse fears, researchers can attain
a more comprehensive understanding of the intricacies of
patients’ mental health and provide a theoretical
underpinning for devising more potent mental health
interventions.

Secondly, symptom network analysis provides valuable
insights for healthcare policymakers and clinical
practitioners. Understanding the symptom network of
recurrence fear in lung cancer patients enables healthcare
policymakers to better comprehend patients’ needs and
formulate appropriate policies to enhance patients’ mental
health. For clinical practitioners and nurses, such analyses
serve as guiding principles to more accurately assess and
manage patients’ mental health concerns, enabling the
provision of tailored treatment plans.

In conclusion, investigating the symptom network
analysis of fear of relapse in lung cancer patients is pivotal
for advancing mental health research and clinical practice. It
fosters a deeper understanding of the nature of fear of

relapse, provides guidance for developing more effective
interventions, and opens up new research avenues and
theoretical foundations for related fields.
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