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Background: Network analysis can identify the core symptoms reported by patients at each time point, providing a basis to develop
precise symptom strategies for treatment. However, few studies have established symptom networks for breast cancer patients at
various treatment stages.

Objective: The purpose of this study was to identify core symptoms that may be targeted for intervention in different chemotherapy
phases for breast cancer patients.

Methods: A multicenter prospective longitudinal survey design was employed in this study. 467 breast cancer patients were recruited
in the Breast Surgery Ward from November 2022 and October 2023. The Symptoms Assessment Scale for Breast Cancer Patients
Receiving Chemotherapy was used to assess breast cancer patients’ symptoms before chemotherapy (T0), after the first chemotherapy
(T1), after three chemotherapy treatments (T2), and after the sixth chemotherapy treatment (T3). Symptom networks and node
properties were explored using network analysis.

Results: At TO, difficulty sleeping was a symptom with the highest strength (:=2.43) and closeness (r.=1.51). Depression was a symptom
with the highest betweenness (7,=2.47). At T1, decreased appetite was the symptom with the highest strength centrality (»,=2.22). Pain was
the symptom with the highest closeness centrality (r.=1.48). Headache was a symptom with the highest betweenness centrality (7,=1.68).
Fatigue was the symptom with the highest strength, closeness, and betweenness at T2 and T3 (T2: r=1.67; r=2.11; 1,=2.30. T3: r=1.96; r.,
=2.68; r,=2.15). Except for betweenness centrality at T1, all other centrality measures showed CS coefficients above 0.25, indicating that the
symptom networks were substantially stable.

Conclusion: The core symptoms that need to be targeted for intervention in various chemotherapy stages of breast cancer patients
differ. Difficulty sleeping and depression should be addressed at TO; decreased appetite and pain were the core symptoms at T1; and
fatigue was the most central symptom at T2 and T3 and should be controlled as a priority.

Plain Language Summary: Breast cancer patients usually have many symptoms at the same time throughout the chemotherapy
phase, resulting in a significant symptom burden. To better identify and manage these symptoms, we applied a technique called
“network analysis” to construct “symptom networks” for breast cancer patients at different chemotherapy stages. Similar to social
networks where influential individuals can affect many others, symptom networks contain core symptoms that influence other
connected symptoms. By prioritizing interventions targeting these core symptoms, related symptoms may lose their “anchor points”,
thereby alleviating the overall symptom burden. Our study found that the core symptoms in breast cancer patients change as
chemotherapy progresses. This means that the focus of symptom management should also shift according to the treatment stage.
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Introduction

Breast cancer is the most common malignant tumor in women, and the most recent global cancer statistics report released
by the International Agency for Research on Cancer (IARC) shows that the incidence of breast cancer in women is
the second highest in the world, with approximately 2.3 million new cases worldwide, accounting for 11.6% of all new
cancer cases." The prevalence of breast cancer is increasing year after year, causing significant alarm among medical
professionals. Chemotherapy is one of the most prevalent therapies for breast cancer patients, as it efficiently treats the
disease and extends patients’ living times. However, the majority of chemotherapy medications used by breast cancer
patients cause adverse effects that have an adverse effect on their health and psychology.? Patients may experience
a variety of symptoms during the chemotherapy period.” ® These symptoms interact with one another, inflicting
a significant burden on patients,” and in some cases, leading to early cessation of chemotherapy, affecting the course
of treatment and seriously endangering patients’ lives.® As a result, it’s critical to recognize symptoms early on in breast
cancer chemotherapy patients’ treatment and to effectively manage them.

Numerous studies have been conducted on the management of symptoms in patients undergoing chemotherapy for
breast cancer. These studies primarily used cross-sectional studies to investigate the current state of and factors
influencing a single symptom or cluster of symptoms™'® or longitudinal studies to investigate changes in symptoms or
clusters of symptoms over time.'' Patients receiving chemotherapy for breast cancer frequently have multiple symptoms,
and assessing a single symptom in isolation fails to explain the patient’s problems in a holistic and comprehensive
manner, ignoring the patient’s overall symptom burden. In contrast to single symptoms, investigations of symptom
clusters account for the co-occurrence of several symptoms in patients and enable the management of multiple symptoms
with the goal of symptom alleviation.'? However, in-depth investigations of symptom management in recent years have
revealed that the interrelationships between symptoms are not simple linear interactions, but rather intricate
interconnections.® Traditional techniques for investigating symptom clusters have tended to reduce interrelationships
between symptoms by category or dimensionality reduction, ignoring the complexity of inter-symptom interactions.'*
And in the previous nursing process for a single symptom or symptom clusters, symptoms were not prioritized, and
patients with multiple symptoms needed multiple related interventions, which made symptom management less
efficient.’”> As a result, based on previous studies focusing on the changes of symptom clusters in patients with breast
cancer during different chemotherapy periods, it is of great practical significance to further elaborate the complex
relationship between symptoms of patients, identify core symptoms, and change the focus of symptom management from
simultaneous intervention of multiple symptoms to management of only core symptoms for optimizing.

Network analysis offers a novel perspective on symptom science research in today’s society. The network structure,
nodes, and network metrics connecting several symptoms can all be statistically explained by network analysis.'® The
primary symptoms that need to be managed can be found via network analysis. Interventions for symptom management
that concentrate on the “core symptom” can deprive other symptoms of their “target point” and spread the intervention
effect to the peripheral symptoms of the core symptom, thereby alleviating or eliminating other symptoms.'”'® Currently,
network analysis has been widely applied in various cancer populations to help in the identification of core symptoms.
For example, Wang et al used a symptom network to pinpoint distress as a core symptom for immediate management in
digestive cancers.'® Meanwhile, Zhang et al’s network analysis highlighted that the core symptoms among lung cancer
survivors varied significantly before and after radiotherapy.”® These applications in diverse tumor research disciplines
thoroughly demonstrate that network analysis can find information beyond incidence and severity, highlighting the core
symptoms now experienced by patients. This permits targeted interventions to achieve the best management outcomes.
The application of this unique research methodology to the study of symptoms during chemotherapy in breast cancer
patients has enormous potential. However, there have been fewer studies applying symptom network analysis specifically
to breast cancer patients undergoing chemotherapy. In a study by Cai,?' fatigue was identified as the symptom with the
highest centrality of intensity and the best association with other symptoms in the network structure. Liang®* also
discovered the importance of fatigue in the symptom network in a survey of 468 individuals undergoing chemotherapy
for breast cancer. Although the findings are significant, all studies used cross-sectional designs, which do not reflect the
dynamic evolution of symptom networks. Given the cyclical nature of chemotherapy and the time-varying nature of
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patients’ symptoms, this study proposes the following hypothesis: Breast cancer patients’ symptom networks evolve
dynamically throughout chemotherapy, with core symptoms varying depending on treatment phase.

Therefore, this study constructed a symptom network of breast cancer patients in different chemotherapy periods with
the aim of identifying the core symptoms that need intervention at different time points and providing a reference basis
for clinical healthcare professionals to give patients efficient and precise symptom management.

Methods
Design, Setting, and Participants

We conducted a multicenter prospective longitudinal study. Breast cancer patients who met the inclusion and exclusion criteria
at four tertiary institutions in Chengdu, Sichuan Province, were chosen using convenience sampling. Participants in this trial
were female, aged >18, undergoing chemotherapy, expected to finish >6 courses, volunteered, and signed an informed consent
form. Patients that struggled to communicate were excluded. According to the pairwise Markov random field (PMRF) model,
the parameters required for a network include both threshold and pairwise association parameters.> With 25 symptoms in the
current study, this results in 25 threshold parameters and 300 (25%(25-1)/2=300) pairwise association parameters, totaling 325
parameters to be estimated. To reliably estimate this number of parameters, the sample size must exceed this count.
Accounting for a 20% loss-to-follow-up rate, this study requires a minimum sample size of 390. The study initially enrolled
512 breast cancer patients. During follow-up, participants were excluded if they discontinued chemotherapy, were lost to
follow-up, or voluntarily withdrew. Ultimately, 467 patients completed the entire follow-up period. The final sample size
exceeds the minimum requirement of 390, thus providing sufficient statistical power. Furthermore, the multicenter design
across four tertiary hospitals improves representativeness. Following similar longitudinal studies that employed network

. 20,24
analysis,””

this study analyzed data only from patients who completed the full follow-up protocol.

Data Collection

Patients with breast cancer scheduled for chemotherapy between November 2022 and October 2023 were recruited for
this study. Specialist nurses conducted the recruitment and assessment at baseline. Before chemotherapy (TO0), after the
first cycle of chemotherapy (T1), after the third cycle of chemotherapy (T2), and after the sixth cycle of chemotherapy
(T3), the subjects were asked to record their symptom experiences. Most study participants were surveyed in-person
while they were there, and a small percentage of patients who found it difficult to come back to the hospital to finish the
follow-up survey were polled online using a web-based questionnaire. For questionnaires completed on-site, the
researchers performed immediate checks and organized the data promptly after collection. To ensure the completeness
and validity of the online survey, the following quality control measures were implemented: a unique follow-up link was
sent to each patient to prevent duplicate submissions; the platform was configured to require responses to all items in
order to eliminate missing data; and timestamp analysis was employed to identify and review responses with anom-
alously short or long completion times. To guarantee data accuracy, two researchers independently performed double data
entry using EpiData software (version 3.1), strictly adhering to a unified protocol.

Measures

Socio-Demographic and Clinical Characteristics

We employed a general information questionnaire to collect socio-demographic and clinical data from patients, including
age, ethnicity, place of residence, education, marital status, disease diagnosis, molecular staging of cancer, surgical
statuses, chemotherapeutic regimen, and cancer stage.

Symptoms

Breast cancer patients’ symptoms were investigated using the Symptoms Assessment Scale for Breast Cancer Patients
Receiving Chemotherapy. Chinese scholar Wen®® developed the scale after reviewing pertinent literature and cancer
symptom assessment instruments. The scale contains the following 25 symptom entries: nausea, taste alteration, oral
ulceration, skin changes (eg, peeling, allergies, nail discoloration, dryness), vomiting, depression, fatigue, decreased
appetite, hair loss, constipation, numbness of fingers/toes, difficulty sleeping, pain, decreased interest in sexuality, cough,
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dysfunctional menstruation, photophobia of eyes, diarrhea, loss of weight, memory deterioration, lack of concentration,
fever, headache, sore throat, bleeding (eg from gums, nose, stool, etc). Each symptom was graded based on its severity,
with “none” as 0, “mild” as 1, “moderate” as 2, “severe” as 3, and “very severe” as 4. The Cronbach’s alpha coefficient
for this scale was 0.818.

Statistical Analysis

Network analysis was performed using R 4.3.1 software. The graph package was used to construct a symptom network
graph based on EBICglasso. Symptoms were the network’s nodes, and the lines connecting them were the network’s
edges; the thicker the edges, the stronger the association between the two symptoms. At the same time, three centrality
indicators were calculated: strength, closeness, and betweenness. Strength indicates a symptom’s ability to impact other
symptoms, whereas closeness centrality indicates a symptom’s central location in the network and betweenness centrality
indicates a symptom’s bridging role in the network. A symptom with a high centrality is considered a core symptom in
the symptom network. The bootnet package detects the stability in the centrality indicators after reducing the sample size
in the network and calculates the Correlation Stability Coefficient (CS Coefficient), which should be at least 0.25 and
preferably larger than 0.5.%

Ethical Approval

This study was approved by the Ethics Committee of the Chengdu Jinniu District People’s Hospital (QY'YLL-2022-010)
and adhered to the principles of the Declaration of Helsinki. All study participants willingly signed informed consent.
During the follow-up period, individuals may withdraw at any time without repercussions.

Results

Characteristics of Breast Cancer Patients
The study included 467 female breast cancer patients, with an average age of 49.97+9.41 years. Table 1 shows the
baseline characteristics of the patients.

Table | Patient Characteristics (N= 467)

Variable Categorization Number of Cases | Percentage (%)
Age <30 12 2.57
30-39 43 9.21
4049 159 34.05
50-59 192 4111
260 6l 13.06
Ethnicity Han 442 94.65
Others 25 5.35
Place of residence Cities 186 37.04
Township/County 108 23.13
Rural 173 39.83
Education level College or above 83 17.77
High school 95 20.34
Junior high school 161 34.48
Primary School or below 128 2741
Marital status Unmarried 14 3.00
Married 393 84.15
Divorced/Separated 48 10.28
Widowed 12 2.57
Disease diagnosis Invasive carcinoma of no specific nature 436 93.36
Others 31 6.64

(Continued)
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Table | (Continued).

Variable Categorization Number of Cases | Percentage (%)
Molecular staging of cancer Luminal A 46 9.85
Luminal B (HER-2 negative) 214 45.82
HER-2 positive 145 31.05
Triple-negative 62 13.28
Surgical statuses Lumpectomy 55 11.78
Mastectomy 214 45.82
Other surgeries 18 3.85
No surgery 180 38.54
Chemotherapeutic regimen | Anthracyclines + Paclitaxel + Cyclophosphamide 307 65.74
Anthracycline+Cyclophosphamide I 2.36
Paclitaxel + Cyclophosphamide 104 22.27
Paclitaxel + Platinum 38 8.14
Others 7 1.50
Disease stage | 80 17.13
I 252 53.96
1] 98 20.99
v 37 7.92

Symptom Networks at Different Phases for Breast Cancer Patients

At TO, all symptoms in the network were linked to one another, either directly or indirectly. The symptoms with the
highest correlation were depression and difficulty sleeping (+=0.55) and depression and decreased appetite (r=0.50). After
the beginning of chemotherapy, nausea and vomiting were the most closely related symptoms (T1: »=0.68; T2: r=0.65;
T3: r=0.71). Figure 1 demonstrates the network of symptoms at several time points in breast cancer patients.

Centrality Indices

At TO, difficulty sleeping was the symptom with the highest strength (=2.43) and closeness (r.=1.51). Depression was
the symptom with the highest betweenness (7,=2.47). At T1, decreased appetite have the highest strength (r,=2.22), pain
was the symptom with the highest closeness (r.=1.48), and pain was the symptom with the highest betweenness (r,
=1.68). Fatigue have the highest strength, closeness, and betweenness centrality at T2 (r=1.67; r.=2.11; r,=2.30) and T3
(r=1.96, r.=2.68, r,=2.15). Figure 2 demonstrates the centrality indices of symptoms at each time point.

Stability of Symptom Networks

The stability of the centrality indices was estimated using the subset bootstrap approach, and the results are shown in
Figure 3. Meanwhile, we estimated the centrality stability coefficient (CS-coefficient), refer to Table 2. The CS-
coefficient for betweenness centrality at T1 was 0.206, suggesting insufficient stability for interpreting its node ranking.
This lower stability is methodologically expected because betweenness centrality is a global measure that depends on
shortest paths, making it inherently sensitive to structural perturbations. This property results in its lower stability relative
to local metrics like strength and closeness.”® When the node ranking stability of a centrality measure is insufficient, its
specific order should be interpreted with caution.”® Therefore, our subsequent interpretation of core symptoms at each
time point prioritizes findings from indices with robust stability (CS-coefficient > 0.25).

Discussion

The present study aimed to construct a symptom network of breast cancer patients undergoing various stages of
chemotherapy and to identify the core symptoms that require focus for intervention at various phases. Centrality
indicators are quantitative metrics that determine the significance of nodes in a network structure.”’” The symptoms
with the highest centrality index are core symptoms in the symptom network and serve as significant targets for
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TO

S1: Nausea S11: Numbness of fingers/toes S$21: Lack of concentration

S2: Taste alteration S12: Difficulty sleeping S22: Fever

S3: Oral ulceration S$13: Pain S$23: Headache

S4: Skin changes S14: Decreased interest in sexuality S24: Sore throat

S5: Vomiting S$15: Cough S25: Bleeding

S6: Depression S$16: Dysfunctional menstruation

S7: Fatigue S17: Photophobia of eyes ® TO: Before chemotherapy

S8: Decreased appetite S18: Diarrhea ® T1: After the first cycle of chemotherapy

S9: Hair loss S19: Loss of weight ® T2: After the third cycle of chemotherapy
S10: Constipation S20: Memory deterioration ® Ta3: After the sixth cycle of chemotherapy

Figure | Symptom networks at several time points in breast cancer patients.

intervention.”® Our study discovered that the core symptoms of breast cancer patients vary between chemotherapy stages.
Difficulty sleeping and depression were the core symptoms at T0, decreased appetite and pain were the core symptoms at
T1, and fatigue was the most central symptom at T2 and T3, which should be emphasized for intervention.
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Strength Closeness Betweenness

S25 -
S24 4
S23 -
S22 4
S21 -
S20
S19 -
S18 4
S17 -
S16 4
S15 1
S14 4
S13 1
S$12 -
S11 ~
S10 -
S9 -
S8 4
S7 4
S6
S5 -
S4 4
S3 -
S2 4
S1 -

type

- TO
- T1
- T2
- T3

S1: Nausea S11: Numbness of fingers/toes S21: Lack of concentration

S2: Taste alteration S12: Difficulty sleeping S22: Fever

S3: Oral ulceration S$13: Pain S23: Headache

S4: Skin changes S14: Decreased interest in sexuality S24: Sore throat

S5: Vomiting S$15: Cough S25: Bleeding

S6: Depression $16: Dysfunctional menstruation

S7: Fatigue S17: Photophobia of eyes ® TO: Before chemotherapy

S8: Decreased appetite S18: Diarrhea ©® T1: After the first cycle of chemotherapy
S9: Hair loss S19: Loss of weight T2: After the third cycle of chemotherapy
S10: Constipation $20: Memory deterioration © T3: After the sixth cycle of chemotherapy

Figure 2 The centrality indices of symptoms.
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== Betweenness =®= Closeness =@= Strength
TO T

0.54

0.0

Average correlation with original sample
Average correlation with original sample

-0.54

90% 80% 70% 60% 50% 40% 30% 90% 80% 70% 60% 50% 40% 30%
Sampled cases Sampled cases

T2 T3

T T

0.5

0.0

Average correlation with original sample
Average correlation with original sample

-0.54

90% 80% 70% 60% 50% 40% 30% 90% 80% 70% 60% 50% 40% 30%
Sampled cases Sampled cases

© TO: Before chemotherapy @ T1: After the first cycle of chemotherapy ® T2: After the third cycle of chemotherapy
® T3: After the sixth cycle of chemotherapy

Figure 3 Stability of symptom networks.

Before Chemotherapy (T0), Difficulty Sleeping and Depression Were the Core
Symptoms

The results in this study showed that difficulty sleeping in breast cancer chemotherapy patients at TO was the symptom
with the highest both strength centrality and closeness centrality in the symptom network, and the betweenness centrality
was also high, with strong correlations with symptoms such as depression, lack of concentration, and fatigue. At this
stage, difficulty sleeping may originate from the acute psychogenic stress induced by the cancer diagnosis and impending

8 https: Patient Preference and Adherence 2026:20



He et al

Table 2 The Centrality Indices’ CS Coefficient at
Various Time Points

Time | Strength | Closeness | Betweenness

TO 0.439 0.439 0.283
Tl 0.749 0.672 0.206
T2 0.749 0.749 0.439
T3 0.595 0.516 0516

Notes: TO is before chemotherapy. T1 is after the first cycle of
chemotherapy. T2 is after the third cycle of chemotherapy. T3 is
after the sixth cycle of chemotherapy.

treatment. Intense fear, uncertainty can trigger disruptions in the sleep-wake circadian rhythm and neuroendocrine
alterations, directly compromising sleep homeostasis.”’® These early physiological changes enable difficulty sleeping
to form tight connections with multiple symptoms such as depression and fatigue even before chemotherapy initiation,
thereby establishing its central position within the symptom network. Previous research has also shown that poor sleep
quality in breast cancer patients receiving chemotherapy is closely correlated with a number of symptoms, including
fatigue, sadness, and memory deterioration,®' and improving sleep quality may help relieve other related symptoms.*
Thus, difficulty sleeping is one of the symptoms that should be addressed during the TO phase, and intervening on it may
assist to mitigate the intensity of other symptoms in the network. Difficulty sleeping in patients at this time may be linked

33.34 a5 well as discomfort associated with the

to psychological stress connected with cancer diagnosis and therapy,
disease and treatment.®® Sleep problems can have substantial consequences for patients’ cognitive function,*® immuno-
logical function,” and quality of life.*® However, most patients believe that all of the side effects of chemotherapy are
caused by the medications themselves and neglect sleep issues.>® This suggests that healthcare practitioners ought to
remind patients about the hazards of sleep problems and encourage them to actively seek help when they arise.
Furthermore, the assessment of sleep quality in breast cancer patients should be strengthened, and individualized and
precise intervention programs should be developed to address the degree and causes of difficulty sleeping in order to
weaken the impact of it in the symptom network, reduce the severity of the symptom, and improve the precision and
efficiency of managing patients’ overall symptom burden.

Depression was the most important bridging symptom in the symptom network, with the highest betweenness centrality,
high strength centrality, and closeness centrality, as well as strong relationships with symptoms including difficulty sleeping
and decreased appetite. The significant degree of negative emotions experienced by breast cancer patients before treatment has
been corroborated by previous studies.*® Similar findings were made by researchers Kalantari,*' who confirmed the high
strength centrality of depression and anxious feelings in cancer patients prior to chemotherapy as an issue that needed to be
assessed and managed. This might be attributed to the fact that, currently, the patients have not commenced chemotherapy and
were uncertain about the potential impact of the treatment on their condition. Perhaps they were more concerned with the
prognosis of their illness and the side effects of chemotherapy, which showed up as feeling down. Depression is not only
directly associated with potential dysregulation of the neuroendocrine axis due to psychological stress but also forms a tight
bidirectional vicious cycle with sleep disturbance.* Furthermore, the neuroinflammatory state potentially induced by the
tumor may provide a shared biological basis for depression and multiple other symptoms such as inattention and fatigue,
naturally rendering it a core bridging symptom that connects others within the network.*>** The link between depression and
other symptoms has long been recognized. According to Colagiuri’s research, sleep issues may be caused by increasing
depression, and difficulty sleeping may also result in increased depression in patients.*> Many studies have also founded that
patients’ psychological difficulties are directly tied to their appetite, with negative emotions having a significant impact on
patients’ appetite.***” Due to the centrality of depression in the symptom network, managing depression symptoms directly in
breast cancer chemotherapy patients at TO may alleviate other related symptoms, lessen or eliminate their propagating
influence on the symptom network, and reduce or break off links between other symptoms. Medical personnel should
concentrate on the psychological status of breast chemotherapeutic cancer patients at TO, identify the causes of depression,
encourage patients to actively seek professional aid, and give tailored psychological care to patients.
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After the First Cycle of Chemotherapy (T 1), Decreased Appetite and Pain Were the

Core Symptoms

The symptom network analysis revealed that decreased appetite have the highest strength centrality at T1 and was closely
associated with nausea, taste alteration, and vomiting, making it the most central symptom in the symptom network at
this point. This differs slightly from the results of Zhu et al,*® whose network analysis of 1065 patients after initial
treatment found that decreased appetite, while high in strength centrality (second to distress and sadness), was not the
most central symptom. The reasons for different findings could be attributed to the heterogeneity of the included patients,
changes in evaluation time points, and other factors, but there is enough evidence to conclude that decreased appetite is
important in the symptom network of cancer patients. Furthermore, nausea and vomiting have high strength in the
symptom network. Reduced appetite, along with nausea and vomiting, comprise a cluster of gastrointestinal symptoms
that interact with one another.*>>* Symptoms such as nausea, vomiting, and altered taste sense diminish patients’ food
intake by altering their appetite, resulting in the development of other symptoms such as weight loss, fatigue, and
depression.”’”? In addition to conventional drug prophylaxis, non-pharmacological treatments such as dietary

* auricular acupuncture interventions,>® and oral cryotherapy™ can be used to control gastrointestinal

interventions,’
symptoms, particularly decreased appetite, in patients undergoing chemotherapy for breast cancer, which enabled patients
to ensure their basic energy intake in order to better cope with the disease and the treatment’s adverse effects. This may
help to decrease the occurrence of additional symptoms.

Pain is a real or potentially unpleasant emotional experience or sensation caused by tissue injury.’® The findings of
this study showed that pain has the highest closeness centrality in the symptom network, as well as high strength and
betweenness centrality, indicating that it plays a critical role in the symptom network at this stage of the process and that
it is a core symptom that should be targeted for intervention. The mechanisms by which pain occurs in individuals
undergoing chemotherapy for breast cancer are complex, and their genesis is not entirely understood.”’ Post-
chemotherapy pain may be associated with paclitaxel-based chemotherapy.®® Paclitaxel-based medication regimens are
crucial for improving survival in patients with early-stage invasive breast cancer,” and the majority of the patients in our
study received chemotherapy that contained paclitaxel-based medicines. Pain in breast cancer patients does not occur in
isolation but is closely intertwined with multiple distressing symptoms. It can exacerbate fatigue by interfering with
sleep.®™°! Furthermore, abnormal inflammatory responses related to cancer and its treatment may promote a bidirectional
vicious cycle between pain and symptoms like fatigue and depression through several interrelated pathways.®* These
interactions collectively render pain a core symptom connecting physical and psychological symptom domains. As
a result, active pain assessment and intervention are critical for reducing total symptom burden and increasing patients’
quality of life. In addition to medication, non-pharmacological therapies such as music therapy,®® relaxation therapy,®*
and acupuncture® can be used to intervene in order to alleviate the patient’s pain symptom while weakening the link
between pain and other symptoms in the network, as well as to improve symptom management efficiency.

After the third and sixth cycles of chemotherapy (T2 and T3), fatigue was the most

core symptom in breast cancer patients, and should be prioritized for management

Fatigue is a subjective, continuous feeling of exhaustion that does not correspond to the quantity of recent activity
done.®® The results of the present study showed that the strength, closeness, and betweenness centrality of fatigue were
highest at T2 and T3, indicating the central role of it at these two time points. Berger®” observed 219 individuals
receiving chemotherapy for breast cancer and discovered that fatigue was a core symptom in the cluster of treatment-
related symptoms following the patient’s last chemotherapy cycle. Cai’s network analysis”' also revealed that fatigue was
a core symptom in the community of female breast cancer patients undergoing chemotherapy. Previous research has
shown that feeling fatigued can occur at any stage of cancer therapy, with prevalence rates ranging from 43% to 85%,°%¢°
and that fatigue is more severe in breast cancer patients than in other cancers.”’ The important significance of fatigue
throughout the T2 and T3 phases of chemotherapy in breast cancer patients may be attributed to the cumulative
physiological dysregulation caused by multi-cycle chemotherapeutic drugs, as well as the intricate interplay within the

symptoms network. As therapy progresses, the buildup of drug toxicity and side effects might trigger the release of pro-
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inflammatory cytokines, resulting in dysregulation of central regulatory functions and severe and persistent fatigue.”'-’

Concurrently, gastrointestinal issues such as nausea, vomiting, and decreased appetite after chemotherapy may impair
caloric intake and exercise tolerance, increasing fatigue.*’®> Moreover, fatigue is often tightly interwoven with other
symptoms like sleep disturbance, depression, and pain, creating a mutually reinforcing vicious cycle that is difficult to
break.”* Within this intricate symptom network, fatigue appears to serve a dual role: it is both a critical outcome of
multiple converging pathophysiological mechanisms and a key driver that exacerbates other symptoms and amplifies the
overall symptom burden.

Since fatigue was so central to the symptom network, making it a key focus in the symptom management of breast
cancer patients at T2 and T3 may help to reduce its transmissive role in the symptom network, alleviate fatigue while
improving other symptoms related to it, and improve symptom management efficiency. As a result, assessing and
intervening for this symptom in patients is critical. Healthcare professionals should recognize the critical role of fatigue
in the symptom network of breast cancer chemotherapy patients, encourage patients to actively report their symptoms,

75,76 .77
"% and music,

and educate them to manage fatigue through exercise as well as provide timely feedback on the
effectiveness of symptom management. Furthermore, relevant studies should be performed to investigate the major role
of fatigue in the symptom experience of breast cancer chemotherapy patients, the mechanisms of fatigue, and possible

ways to improve the accuracy and effectiveness of symptom management.

Strengths and Limitations

To the best of our knowledge, this is the first study to apply a network analytic approach to uncover changes in core
symptoms in breast cancer patients during chemotherapy sessions. In this study, symptom networks of patients were created
at various time points, and the robustness of the symptom networks and centrality indicators were investigated to confirm
the findings’ reliability. Although our study has many strengths, there are a few limitations that must be addressed. To begin
with, this study only sampled breast cancer patients from four tertiary hospitals in Chengdu City, Sichuan Province, for
survey follow-up via convenience sampling, so extrapolating the study findings to breast cancer patients in other regions
and hospitals requires further verification. Second, due to human, material, and time restrictions, only three follow-up visits
were done in this investigation, potentially missing changes in symptoms at more closely spaced time periods. Third, we
excluded individuals with significant comorbidities and cognitive deficiencies who were unable to complete the scale
assessment, thus the intensity and centrality of symptoms may have been underestimated. Finally, the findings of this
investigation revealed that the CS coefficient of betweenness centrality at T1 was just 0.206, suggesting restricted
interpretability.”> As a result, we neglected the symptoms of high betweenness centrality at this stage. Future research
could increase the sample size to improve the stability of the symptom network’s betweenness centrality.

Impact on Practice and Research

The study has significant implications for practice and research. First and foremost, the symptom experience of breast
cancer patients will change dynamically with the various cycles of chemotherapy, and dynamic monitoring of patients’
symptoms during the chemotherapy period should be carried out, which can not only monitor the patients’ conditions, but
also understand the pattern of change of the patients’ symptoms and manage them with timely and effective interventions,
thereby reducing the burden of the patients’ symptoms. Second, this study discovered that the core symptoms of breast
cancer patients vary depending on the cycle of chemotherapy they receive. This recommends that medical personnel
should have a better grasp of symptom genesis, evolution throughout time, and interaction mechanisms, as well as focus
effective care of core symptoms at various time periods to improve patient symptom management efficiency.
Furthermore, the concept of symptom networks has promising implications for both study and practice in symptom
management science. The symptom network’s main purpose is to determine the network’s core symptoms and explore
the mechanism by which various symptoms are associated. By fulfilling these aims, healthcare providers will have
a better understanding of how symptoms develop and interact, allowing them to develop more specific and effective
interventions. It is important to note that while network analysis can identify core symptoms in patients, the accuracy of
its results requires further verification. Currently, some researchers have begun to use symptom networks to explore the
influence of biomarkers on symptom development.”®”® A promising direction for future work is to integrate symptoms
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and biomarkers within a network analytic framework. Such an integrated approach could enable a systematic examina-
tion of whether core symptoms are significantly associated with specific biological pathways, providing mechanistic
validation for network analysis and possibly revealing potential shared pathobiological mechanisms within complex
symptom networks.

Conclusions

We conducted the first dynamic analysis of core symptoms in breast cancer patients across different chemotherapy
phases. Our findings revealed that the core symptoms requiring prioritized management differ between chemotherapy
cycles. Difficulty sleeping and depression were the core symptoms to manage in the network of pre-chemotherapy
symptoms in breast cancer patients; decreased appetite and pain were the core symptoms to focus on after the first
chemotherapy treatment; and fatigue is the most central symptom to prioritize for intervention at the T2 and T3 time
points. These findings suggest that symptom management for breast cancer patients undergoing chemotherapy should
follow a “stage-specific and prioritized” paradigm, with specific interventions targeting the distinct core symptoms at
different time periods. Interventions that target these crucial nodes in the symptom network may have a synergistic
regulatory effect on other closely related symptoms, thereby facilitating the relief of the entire symptom clusters. The
ultimate integrated goals are to reduce patients’ symptom burden and enhance their quality of life. Future research should
further validate these conclusions in larger, more diverse patient cohorts and investigate the interplay between core and
peripheral symptoms in more detail. Furthermore, the actual effectiveness of intervention strategies targeting core
symptoms in improving patients’ overall health outcomes should be scientifically evaluated through relevant research.
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