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Background: Liver cancer represents a major global health burden, and targeted therapy combined with immune checkpoint
inhibitors (ICIs) has become an essential systemic treatment. However, treatment-related symptom clusters may markedly impair
quality of life (QOL). This study aimed to examine the longitudinal evolution of symptom clusters and their impact on QOL in
patients with malignant liver tumors across the first to fourth treatment phases.

Methods: A prospective cohort of 150 patients receiving combined targeted-ICI therapy was recruited at a tertiary hospital in
Qingyuan, China, between January and August 2025. The Chinese version of the Memorial Symptom Assessment Scale (MSAS-
C) and the Quality of Life-Liver Cancer (QOL-LC) V2.0 questionnaire were distributed and collected on Day 7 of each treatment
phase. The symptom-onset timeline was provided to patients at the initiation of therapy and retrieved on Day 7 of the first phase.
Factor analysis, Apriori association rule mining, repeated-measures analysis of variance (ANOVA), correlation analysis, and
stepwise multiple regression were applied to identify the dynamic structure of symptom clusters and their associations with QOL
outcomes.

Results: The final cohort comprised 150 patients with a mean age of 53.62 years; 67.33% were diagnosed with hepatocellular
carcinoma (HCC), and most were in advanced stages. Symptom burden increased progressively during treatment, with high-
frequency symptoms, such as fatigue, dry mouth, weight loss, and sleep disturbance, affecting more than 70% of patients by
Phase 4. Factor analysis identified 5, 4, 4, and 5 significant symptom clusters at T1-T4, respectively, while Apriori analysis
further revealed key antecedent symptoms such as nausea, pain, and nervousness. All five symptom clusters demonstrated
significant increases in severity over time (p < 0.001), especially those involving emotional-psychological and gastrointestinal
symptoms. QOL scores declined markedly during Phases 3 and 4, with significant impairments in physical, psychological, and
social functioning (all p < 0.01), and an overall score reduction exceeding 20 points (p < 0.001). Self-reported evaluations also
revealed a substantial decline. The symptom clusters exhibited moderate to strong negative correlations with QOL, with the
psychiatric symptom cluster showing a progressively stronger negative association with overall QOL scores from T1 to T4 (r =
—0.51 to —0.64). Regression analyses identified psychiatric and emotional-psychological clusters as the strongest predictors of
reduced QOL across all treatment stages (p < 0.001). In later phases, liver function-metabolic and gastrointestinal clusters also
emerged as significant contributors. Demographic variables, including gender and treatment phase, exerted additional effects.
The regression model demonstrated a good fit and stable residuals.

Conclusions: Combined targeted-ICI therapy is associated with a progressive increase in symptom cluster burden among patients
with liver cancer, leading to a significant decline in QOL. Emotional and psychological symptom clusters exert the most persistent
and profound effects, while liver function—metabolic and gastrointestinal symptom clusters become increasingly prominent in
later stages.
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Introduction

Hepatocellular carcinoma (HCC) is one of the most
prevalent and lethal malignancies worldwide. In 2020, liver
cancer ranked sixth in global cancer incidence and third
in cancer-related mortality, with an estimated 906,000 new
cases and 830,000 deaths annually. China alone accounts
for nearly half of these global figures, underscoring the sub-
stantial and rising national disease burden [1,2]. Despite
advances in early detection, the 5-year survival rate for Chi-
nese HCC patients remains below 13% [3]. Most patients
are diagnosed at intermediate or advanced stages, rendering
them ineligible for curative therapy and resulting in poor
prognosis [4].

In recent years, systemic therapies for HCC have
advanced considerably. Multi-target tyrosine kinase in-
hibitors (TKIs), such as sorafenib and lenvatinib, are now
widely applied in advanced-stage disease. However, their
efficacy as monotherapies is limited, with median over-
all survival ranging from 6 to 11 months [5]. The advent
of immune checkpoint inhibitors (ICIs) has reshaped the
therapeutic landscape, particularly with the atezolizumab-
bevacizumab combination, which demonstrated significant
improvements in overall and progression-free survival in
the IMbravel50 trial, thereby establishing it as a first-line
standard of care [3]. Ongoing clinical trials are investigat-
ing the synergistic potential of combining ICIs with TKIs
to further optimize clinical outcomes [6,7].

Despite these therapeutic advances, patients undergo-
ing combined targeted-ICI therapy often experience multi-
ple treatment-related symptoms that adversely affect their
quality of life (QOL). Previous studies report a high symp-
tom burden among patients with hepatocellular carcinoma
during therapy, commonly including fatigue, sleep dis-
turbance (insomnia), pain, and gastrointestinal symptoms;
symptom severity and composition often fluctuate across
treatment phases [8]. In a recent cross-sectional study by
Chen et al. (2024) [9], conducted at a tertiary hospital in
Shanghai, network analysis with the Memorial Symptom
Assessment Scale (MSAS) identified five symptom clus-
ters: oral, gastrointestinal, fatigue, body image, and pain-
sleep. Core symptoms such as pain, “feeling unlike one-
self”, and nausea, as well as bridging symptoms including
pruritus and abdominal distension, were found to play cen-
tral roles in cluster interactions [9]. These findings high-
light the clinical significance of identifying core and bridg-
ing symptoms to guide interventions, disrupt symptom cas-
cade pathways, and preserve QOL.

However, most existing studies have primarily em-
ployed cross-sectional designs or restricted assessment to
a single treatment phase, thereby lacking longitudinal in-
sights into the evolution of symptom clusters and their

relationship with QOL over time. To address this gap,
the present study prospectively enrolled patients receiv-
ing combined targeted-ICI therapy at a tertiary hospital
in Qingyuan, China. Comprehensive data on symptoms
and QOL were collected across four consecutive treat-
ment phases using the Chinese versions of MSAS and
QOL-LC V2.0. Factor analysis, association rule mining,
and multivariate regression were performed to identify key
symptom clusters and sentinel symptoms, evaluate their
dynamic evolution, and examine their cumulative effects
on QOL. The findings aim to inform precision symptom-
management strategies during combination immunotherapy
for liver cancer.

Methods

Study Design and Participants

This study was conducted as a prospective longitudi-
nal cohort investigation. Based on a preliminary literature
review and clinical observations, data were collected at four
predefined time points corresponding to Day 7 of each treat-
ment phase (Phase 1 through Phase 4), with Day 1 marking
the initiation of each targeted-immune combination therapy
phase. Eligible participants were consecutively recruited
between January and August 2025 at Qingyuan Affiliated
Hospital of Guangzhou Medical University, a tertiary care
center in southern China. Written informed consent was ob-
tained from all participants. The study was approved by the
institutional ethics committee (IRB No. IRB-2025-025),
and was conducted following the guidelines outlined in the
Declaration of Helsinki.

Inclusion Criteria

(1) Histologically or cytologically confirmed diagno-
sis of primary malignant liver tumor;

(2) Age >18 years;

(3) Willingness to participate and provide written in-
formed consent;

(4) Receiving a treatment regimen including both tar-
geted therapy and immune checkpoint inhibitors.

Exclusion Criteria

(1) History of psychiatric illness or consciousness dis-
turbance;

(2) Communication or cognitive impairment that pre-
cluded valid questionnaire completion;

(3) Diagnosis of another concurrent malignancy;

(4) Presence of other severe life-threatening comor-
bidities.
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Sample Size Estimation

Sample size was estimated primarily for exploratory
factor analysis, following commonly used recommenda-
tions of 5-10 participants per item. In this study, a total
of 23 variables were included in the analysis, yielding a re-
quired sample size of 115-230 participants. Considering
an anticipated attrition rate of 10%—15% during follow-up,
a minimum of 127 participants was necessary. To ensure
sufficient statistical power and allow for attrition, a total of
150 patients were targeted for enrollment.

Study Measures and Data Collection
Demographic and Clinical Characteristics

A structured questionnaire was used to collect base-
line demographic and clinical data. Demographic variables
included age, sex, place of residence (rural, town, or ur-
ban), marital status (married, unmarried, widowed), edu-
cation level (primary or below, junior high school, senior
high school/vocational, college or above), parental status
(with/without children), employment status (employed, re-
tired/unemployed), type of medical coverage (insured, self-
paying), and monthly household income (<3000 RMB,
3000-5000 RMB, >5000 RMB; Exchange rate: 1 USD ~
7.12 RMB). Clinical variables included tumor histology (in-
trahepatic cholangiocarcinoma, hepatocellular carcinoma,
or mixed type), tumor staging (Ia, Ib, Ila, IIb, IIIa, IIIb, IV),
and current treatment phase (Phase 1-4).

Chinese Version of the Memorial Symptom Assessment
Scale (MSAS-C)

Symptom burden was assessed using the validated
Chinese version of the Memorial Symptom Assessment
Scale (MSAS), originally developed by Memorial Sloan
Kettering Cancer Center [10,11]. The scale measures 32
common cancer-related symptoms experienced over the
past week across three dimensions: frequency, severity,
and distress. For the first 24 symptoms, all three dimen-
sions were rated on a Likert scale (4 or 5 points), and a
composite score was calculated as their mean. For the re-
maining 8 symptoms, only severity and distress were as-
sessed. MSAS-C generates scores across four subscales:
physical symptoms, psychological symptoms, global dis-
tress index, and total symptom burden. The Chinese ver-
sion has demonstrated strong psychometric properties, with
a content validity index of 0.94 and Cronbach’s « ranging
from 0.79 to 0.89. The questionnaire was administered on
Day 7 of each treatment phase and completed by the patient,
or, when necessary, with assistance from a trained investi-
gator using standardized, non-leading prompts.

Symptom Onset Log

A custom-designed “Symptom Onset Log” was used
to record the initial appearance of each of the 32 MSAS
symptoms. Patients were asked to report the number of
hours from initiation of combination therapy to first recog-

nition of each symptom. This log was distributed prior to
each treatment phase and collected on Day 7. Data were
primarily self-reported, or, when required, collected with
interviewer assistance either in person or via telephone.

Quality of Life Assessment: QOL-LC V2.0

Health-related quality of life (HRQOL) was evaluated
using the QOL-LC V2.0 scale, specifically developed for
patients with primary liver cancer by Wan et al. [12] and
Zhu et al. [13]. The instrument comprises 22 items across
four domains: physical function, psychological function,
treatment-related symptoms and side effects, and social
function. The total score ranges from 0 to 220, with higher
scores indicating better perceived quality of life. An addi-
tional single-item self-evaluation scale (0—100) is included
but not incorporated in the overall score. Each item is rated
on a 0—10 numerical scale. The QOL-LC V2.0 has demon-
strated good cultural adaptability and psychometric reliabil-
ity in Chinese populations, with Cronbach’s o ranging from
0.68 to 0.81. The scale was administered on Day 7 of each
treatment phase and completed by patients independently
or, when necessary, with assistance from a trained inter-
viewer. Notably, higher scores in the “symptom/adverse ef-
fects” domain reflect more severe treatment-related symp-
toms.

Quality Control Procedures

Prior to data collection, all participants received a
standardized explanation of the study objectives, signifi-
cance, and confidentiality measures. Rapport was estab-
lished to enhance compliance and minimize attrition. After
informed consent was obtained, trained personnel delivered
standardized and non-suggestive instructions for question-
naire completion. Surveys were completed independently
by patients whenever possible; in cases of illiteracy or phys-
ical impairment, neutral assistance was offered by qualified
investigators. All questionnaires were reviewed immedi-
ately upon submission to check for completeness, and any
missing responses were clarified on site.

For telephone-administered surveys, audio recordings
were monitored in real time to prevent protocol deviations,
such as skipped questions or proxy responses. A subset of
participants was randomly selected for follow-up verifica-
tion to confirm data integrity. To further ensure accuracy,
all data were double-entered independently by two trained
research assistants, with discrepancies reconciled through
cross-checking.

Statistical Analysis

All statistical analyses were conducted using SPSS
Statistics version 22.0 (IBM Corp., Armonk, NY, USA)
and SPSS Modeler version 18.0 (IBM Corp., Armonk, NY,
USA). Categorical variables were summarized using fre-
quencies and proportions. Normality of continuous vari-
ables was assessed using the Shapiro-Wilk test. Normally
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distributed data were reported as means with standard devi-
ations, while non-normally distributed data were presented
as medians with interquartile ranges (M [P25, P75]).

1. Exploratory factor analysis (EFA) was applied to iden-
tify symptom clusters based on severity scores. Symptoms
with prevalence >15% were included. Principal compo-
nent extraction with varimax rotation was employed. As-
sociation rule mining using the Apriori algorithm was em-
ployed to identify leading (sentinel) symptoms within each
symptom cluster, using data from the Symptom Onset Log.
Sentinel symptoms appeared earliest in a cluster and met
thresholds of support >40%, confidence >60%, and lift
>1.0.

2. Longitudinal trends in symptom prevalence and
symptom-related distress across four time points were
analyzed using Cochran’s Q test for categorical variables
and the Friedman test for ordinal or non-parametric data.
3. Repeated measures analysis of variance (RM-ANOVA)
was used to examine changes in symptom cluster sever-
ity scores and QOL-LC domain scores across phases.
Where significant effects were observed, post-hoc pairwise
comparisons were performed using Bonferroni correction.
Symptom cluster severity was calculated as the mean sever-
ity score of all symptoms within a cluster, following estab-
lished methods from longitudinal oncology symptom re-
search. Spearman’s rank correlation was used to assess
associations between symptom clusters and quality-of-life
domains. Finally, stepwise multiple linear regression was
employed to determine the influence of demographic vari-
ables and symptom cluster severity on overall quality of
life in patients undergoing targeted plus immune therapy
for liver cancer.

Results

Baseline Characteristics of the Study Sample

A total of 150 patients with primary liver cancer re-
ceiving combined targeted and immune therapy were en-
rolled. The mean age was 53.62 years. The sex distribution
was relatively balanced, with a slightly higher proportion
of female patients (54.67%). The majority resided in ur-
ban or suburban areas (41.33%), while 30.00% and 28.67%
lived in cities and rural regions, respectively. Most partici-
pants were married (65.33%), and 60.00% had completed
junior high school or below. Notably, 27.33% had only
primary education or less. A majority (84.67%) reported
having children. In terms of employment status, 52.67%
were actively employed, while the remainder were retired
or unemployed. Medical insurance was the primary means
of healthcare coverage for 79.33% of patients, whereas
20.67% paid entirely out of pocket. Monthly household
income most frequently ranged between 3000-5000 RMB
(38.00%).
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In terms of pathological subtype, hepatocellular car-
cinoma (HCC) was the most prevalent diagnosis (67.33%),
followed by intrahepatic cholangiocarcinoma (19.33%) and
mixed-type liver cancer (13.33%). Patients were relatively
evenly distributed across treatment phases, with the largest
proportions in phase 1 (25.33%) and phase 2 (30.67%), fol-
lowed by phase 4 (24.67%) and phase 3 (19.33%). Accord-
ing to tumor stage, the majority were classified as stage [Ila
or IIIb (combined 55.34%), while 16.00% were stage IV
(Table 1).

Symptom Prevalence and Severity Across Treatment
Periods

Several symptoms, including fatigue, dry mouth,
weight loss, and altered taste perception, were consistently
prevalent across all four treatment phases (Table 2). Fatigue
increased from 60.00% at T1 to 80.67% at T4; dry mouth
rose from 56.67% to 80.00%. Taste alterations escalated
from 44.00% at T1 to 80.67% at T4, and weight loss in-
creased from 52.67% to 74.00%. Sleep- and mood-related
symptoms also demonstrated progressive upward trends:
insomnia rose progressively, reaching 76.67% at T4; som-
nolence and anxiety increased from 55.33% and 49.33% at
T1 to 78.67% and 79.33% at T4, respectively. Emotional
symptoms such as sadness and irritability showed similar
late-phase intensification, with anxiety demonstrating the
most pronounced increase.

Pain prevalence increased from 43.33% at T1 to
69.33% at T4. Nausea rose from 37.33% to 70.00%, and
dizziness from 35.33% to 60.67%. Other physical symp-
toms, such as alopecia and limb swelling, also rose sub-
stantially, from 16.00% and 37.33% at T1 to 58.00% and
54.67% at T4, respectively. In contrast, specific symptoms
remained consistently infrequent (<10%) throughout treat-
ment, including sexual dysfunction, dysuria, and dyspha-
gia. Other symptoms, such as oral ulcers, cough, vomiting,
and dyspnea, remained relatively uncommon (<15%).

Symptom severity fluctuated across treatment phases.
Fatigue presented a median severity score of 1 (IQR: 0, 3)
at T1, increasing to 2 (1, 3) from T2 through T4. Dry mouth
rose from 1 (0, 2) at T1 to 2 (1, 3) thereafter. Similar tra-
jectories were observed for taste alteration and weight loss,
with median scores stabilizing at 2 (1, 3) by T3 and T4. In-
somnia increased from 0 (0, 2) at baseline to 2 (1, 3) at T4.
Anxiety severity rose from 0 (0, 2.75) at T1 to 2 (1, 3) at
T4, indicating a notable progression of mood and sleep dis-
turbances. Nausea worsened from 0 (0, 2) to 2 (0, 3) by
T4.

Pain was mild in early phases (T1 median = 0 [0, 2])
but increased significantly after T2, reaching 2 (0, 3) at T4.
Somnolence maintained a consistent median of 2 (1, 3) dur-
ing T3 and T4. Abdominal distension peaked at T2 and T3
(2 [1, 3]) but declined slightly at T4 (1 [0, 3]). Mild in-
creases were also observed for dizziness and nausea in late
stages. Symptoms such as cough, dyspnea, vomiting, sex-
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Table 1. Demographic and clinical characteristics of patients
with primary hepatic malignancies receiving combination

targeted and immune therapy (n = 150).

Variables Total (n = 150)
Age, Mean £+ SD 53.62 £9.47
Sex, n (%)
Male 68 (45.33)
Female 82 (54.67)
Place of residence, n (%)
Urban 45 (30.00)
Town 62 (41.33)
Rural 43 (28.67)
Marital status, n (%)
Unmarried 29 (19.33)
Married 98 (65.33)
Widowed 23 (15.33)
Educational level, n (%)
Primary school or below 41 (27.33)
Middle school 49 (32.67)
High school/vocational school 37 (24.67)
College or above 23 (15.33)
Children, n (%)
No 23 (15.33)
Yes 127 (84.67)
Employment status, n (%)
Unemployed/retired 71 (47.33)
Employed 79 (52.67)
Medical payment method, n (%)
Medical insurance 119 (79.33)
Self-pay 31 (20.67)
Monthly household income, n (%)
<3000 RMB 49 (32.67)
3000-5000 RMB 57 (38.00)
>5000 RMB 44 (29.33)
Pathological type, n (%)
Intrahepatic cholangiocarcinoma 29 (19.33)
Hepatocellular carcinoma 101 (67.33)
Cvombir?ed hepatocellular-cholan- 20 (13.33)
giocarcinoma
Treatment phase, n (%)
Phase 1 38(25.33)
Phase 2 46 (30.67)
Phase 3 29 (19.33)
Phase 4 37 (24.67)
Tumor stage, n (%)
Stage Ia 6 (4.00)
Stage Ib 9 (6.00)
Stage Ila 12 (8.00)
Stage IIb 16 (10.67)
Stage Illa 43 (28.67)
Stage IIIb 40 (26.67)
Stage IV 24 (16.00)

SD, Standard deviation. 1 USD = 7.12 RMB.

ual dysfunction, dysuria, dysphagia, oral ulcers, and sweat-
ing demonstrated negligible severity throughout (all medi-
ans = 0 [0, 0]). Emotional symptoms, including nervous-
ness, sadness, and irritability, exhibited minor fluctuation
in severity over time (Table 2).

Symptom Cluster Structure

Across the four observation points, the dominant
symptoms and factor loadings exhibited dynamic changes,
reflecting the stage-specific characteristics of patients’
symptom profiles during combination targeted and immune
therapy (Table 3). The neurocognitive cluster included in-
somnia, fatigue, dizziness, and difficulty concentrating. At
T1 and T2, insomnia was the dominant symptom with the
highest factor loadings (0.79 and 0.88, respectively). At
T3, dizziness became predominant (loading = 0.76), while
fatigue was dominant at T4 (loading = 0.87). This cluster
remained structurally stable across time, with strong con-
sistency among core symptoms.

The hepatic-metabolic cluster consistently included
pain, dry mouth, and abdominal distension, with changes
in taste food, loss of appetite, and weight loss emerging at
specific time points. Pain was dominant at T1 (loading =
0.79), dry mouth at T2 (0.87), and pain again at T3 and T4
(0.77 and 0.76, respectively).

The emotional-psychological cluster comprised irri-
tability, sadness, anxiety, and nervousness. This clus-
ter remained stable across phases, with irritability consis-
tently demonstrating the highest loading, peaking at T4
(0.80). The gastrointestinal cluster was primarily defined
by nausea, anorexia, and taste alteration. These core symp-
toms demonstrated strong loadings at T1, T2, and T4, with
anorexia reaching a loading of 0.83 at T2. Other digestive
symptoms, including vomiting, constipation, and diarrhea,
appeared intermittently with lower loadings, suggesting pe-
ripheral contributions to the cluster. The dermatologic—
peripheral neuropathy cluster comprised limb swelling, ex-
tremity numbness/tingling, and alopecia. Limb swelling re-
mained the central symptom at T1, T3, and T4, with the
highest loading observed at T4 (0.65). Notably, alopecia
and peripheral neuropathy symptoms gained prominence in
later stages.

Sentinel Symptoms in Symptom Clusters

Using the Apriori association rule algorithm, incor-
porating the timing of symptom onset, sentinel symptoms
within each symptom cluster were identified across treat-
ment stages. At T1, nausea emerged as the primary sen-
tinel symptom within the gastrointestinal symptom cluster.
It demonstrated a moderate association with altered taste
perception (support = 52.00%, confidence = 66.67%, lift =
1.06). Loss of appetite and vomiting also showed substan-
tial co-occurrence with altered taste (support = 60.00% and
62.67%, respectively). In the liver function-metabolic clus-
ter, dry mouth and abdominal distension were frequently
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Table 2. Symptom prevalence (%) and severity [median (P25, P75)] across treatment phases (n = 150).

T1 T2 T3 T4

Symptoms

Occurrence, n (%) Severity Occurrence, n (%) Severity Occurrence, n (%)  Severity  Occurrence, n (%)  Severity
Difficulty concentrating 83 (55.33%) 1(0,2) 71 (47.33%) 0 (0, 2.75) 100 (66.67%) 2(0,3) 84 (56.00%) 1(0, 3)
Pain 65 (43.33%) 0(0,2) 97 (64.67%) 2(0,3) 94 (62.67%) 1.5 (0, 3) 104 (69.33%) 2(0,3)
Fatigue 90 (60.00%) 1 (0, 3) 116 (77.33%) 2(1,3) 118 (78.67%) 2(1,3) 121 (80.67%) 2(1,3)
Cough 15 (10.00%) 0(0,0) 16 (10.67%) 0(0,0) 12 (8.00%) 0(0,0) 13 (8.67%) 0(0,0)
Feeling nervous 51 (34.00%) 0(0,1) 52 (34.67%) 0(0,2) 68 (45.33%) 0(0,2) 52 (34.67%) 0(0,2)
Dry mouth 85 (56.67%) 1(0,2) 115 (76.67%) 2(1,3) 116 (77.33%) 2(1,3) 120 (80.00%) 2(1,3)
Nausea 56 (37.33%) 0(0,2) 79 (52.67%) 1(0,3) 85 (56.67%) 1(0,3) 105 (70.00%) 2(0,3)
Drowsiness 83 (55.33%) 1(0,3) 95 (63.33%) 2(0,3) 117 (78.00%) 2(1,3) 118 (78.67%) 2(1,3)
Extremity numbness or tingling 29 (19.33%) 0(0,0) 28 (18.67%) 0(0,0) 34 (22.67%) 0(0,0) 29 (19.33%) 0(0,0)
Restless sleep 67 (44.67%) 0(0,2) 72 (48.00%) 0(0, 3) 90 (60.00%) 2(0,3) 115 (76.67%) 2(1,3)
Abdominal distension 81 (54.00%) 1(0, 3) 116 (77.33%) 2(1,3) 115 (76.67%) 2(1,3) 88 (58.67%) 1(0, 3)
Difficulty urinating 3 (2.00%) 0(0,0) 2 (1.33%) 0(0,0) 6 (4.00%) 0(0,0) 0 (0.00%) 0(0,0)
Vomiting 14 (9.33%) 0(0,0) 16 (10.67%) 0(0,0) 19 (12.67%) 0(0,0) 13 (8.67%) 0(0,0)
Shortness of breath 17 (11.33%) 0 (0, 0) 15 (10.00%) 0 (0, 0) 16 (10.67%) 0(0,0) 20 (13.33%) 0 (0, 0)
Diarrhea 24 (16.00%) 0 (0, 0) 29 (19.33%) 0(0,0) 77 (51.33%) 1(0,3) 59 (39.33%) 0(0,2)
Feeling sad 66 (44.00%) 0(0,2) 63 (42.00%) 0(0,2) 77 (51.33%) 1(0,3) 68 (45.33%) 0(0,2)
Sweating 10 (6.67%) 0(0,0) 17 (11.33%) 0(0,0) 8 (5.33%) 0(0,0) 4 (2.67%) 0(0,0)
Feeling anxious 74 (49.33%) 0(0,2.75) 99 (66.00%) 2(0,3) 110 (73.33%) 2(0,3) 119 (79.33%) 2(1,3)
Difficulty with sexual activity 5(3.33%) 0(0,0) 10 (6.67%) 0(0,0) 3 (2.00%) 0(0,0) 4 (2.67%) 0(0,0)
Itchy skin 22 (14.67%) 0(0,0) 34 (22.67%) 0(0,0) 50 (33.33%) 0(0,2) 31 (20.67%) 0(0,0)
Loss of appetite 87 (58.00%) 1 (0, 3) 106 (70.67%) 2(0, 3) 110 (73.33%) 2(0,3) 98 (65.33%) 1 (0, 3)
Dizziness 53 (35.33%) 0(0,2) 77 (51.33%) 1 (0, 3) 94 (62.67%) 1 (0, 3) 91 (60.67%) 1(0,2)
Difficulty swallowing 2 (1.33%) 0 (0, 0) 2 (1.33%) 0 (0, 0) 0(0.00%) 0(0,0) 1 (0.67%) 0(0,0)
Irritability 53 (35.33%) 0(0,2) 68 (45.33%) 0(0,2) 68 (45.33%) 0(0,2) 74 (49.33%) 0(0,2)
Oral ulcers 4 (2.67%) 0 (0, 0) 22 (14.67%) 0 (0, 0) 14 (9.33%) 0(0,0) 5(3.33%) 0(0,0)
Changes in food taste 66 (44.00%) 0(0,2) 97 (64.67%) 2(0,3) 115 (76.67%) 2(1,3) 121 (80.67%) 2(1,3)
Weight loss 79 (52.67%) 1(0,3) 111 (74.00%) 2(0,3) 113 (75.33%) 2(1,3) 111 (74.00%) 2(0,3)
Hair loss 24 (16.00%) 0(0,0) 38 (25.33%) 0 (0, 0.75) 83 (55.33%) 1(0,3) 87 (58.00%) 1(0, 3)
Constipation 27 (18.00%) 0(0,0) 21 (14.00%) 0(0,0) 24 (16.00%) 0(0,0) 35(23.33%) 0 (0, 0)
Limb swelling 56 (37.33%) 0(0,2) 77 (51.33%) 1 (0, 3) 97 (64.67%) 2(0,3) 82 (54.67%) 1(0,2)
Feeling unlike oneself 22 (14.67%) 0(0,0) 20 (13.33%) 0(0,0) 19 (12.67%) 0(0,0) 24 (16.00%) 0(0,0)
Changes in skin 64 (42.67%) 0(0,2) 74 (49.33%) 0 (0, 3) 57 (38.00%) 0(0,2) 55 (36.67%) 0(0,2)

Note: Prevalence: %; Severity: median (25th percentile, 75th percentile). T1-T4: assessments conducted on Day 7 of treatment Cycles 1-4.
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Table 3. Composition of symptom clusters across treatment phases (T1-T4) in patients receiving combination targeted and immune therapy.

Symptom cluster T1 symptom Factor T2 symptom Factor T3 symptom Factor T4 symptom Factor
loading loading loading loading
(T1) (T2) (T3) (T4)
Psychiatric Cluster Restless sleep 0.79 Restless sleep 0.88 Dizziness 0.76 Fatigue 0.87
Fatigue 0.73 Drowsiness 0.74 Restless sleep 0.76 Drowsiness 0.76
Dizziness 0.67 Dizziness 0.74 Drowsiness 0.63 Dizziness 0.69
Impaired concentration 0.59 Impaired concentration 0.50 Impaired concentration 0.42 Restless sleep 0.57
Hepatic—Metabolic Cluster Pain 0.79 Dry mouth 0.87 Pain 0.77 Pain 0.76
Dry mouth 0.74 Abdominal distension 0.77 Dry mouth 0.77 Abdominal distension 0.68
Abdominal distension 0.70 Pain 0.72 Changes in taste food 0.73 Dry mouth 0.55
— - - - Loss of appetite 0.72 Weight loss 0.50
- - - - Weight loss 0.50 - -
Emotional-Psychological Irritability 0.75 Irritability 0.75 Feeling sad 0.68 Irritability 0.80
Cluster
Feeling sad 0.72 Feeling nervous 0.64 Irritability 0.63 Feeling nervous 0.62
Feeling anxious 0.65 Feeling anxious 0.61 Feeling nervous 0.62 Feeling anxious 0.56
Feeling nervous 0.44 Feeling sad 0.54 Feeling anxious 0.52 - -
Gastrointestinal Cluster Nausea 0.74 Loss of appetite 0.83 - - Nausea 0.73
Changes in taste of food 0.63 Nausea 0.69 - - Changes in food taste 0.69
Loss of appetite 0.53 Vomiting 0.53 - - Loss of appetite 0.55
Vomiting 0.42 Constipation 0.46 - - Constipation 0.47
Dermatologic—Peripheral Limb swelling 0.58 - - Limb swelling 0.59 Limb swelling 0.65
Neurological Cluster
Extremity numbness or tingling 0.45 - - Hair loss 0.41 Hair loss 0.54

Extremity numbness or tingling 0.41

Extremity numbness or tingling 0.42
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Table 4. Intra-cluster symptom associations at T1 in patients receiving combination targeted and immune therapy.

Symptom cluster Antecedent symptom Consequent symptom Support (%)  Confidence (%)  Lift
Gastrointestinal Cluster Nausea Changes in taste of food 52.00 66.67 1.06
Loss of appetite Changes in taste of food 60.00 65.56 1.05

Vomiting Changes in taste of food 62.67 62.77 1.05

Changes in taste of food Nausea 60.00 60.00 1.04

Hepatic—Metabolic Cluster Dry mouth Abdominal distension 67.33 68.32 1.00
Abdominal distension Dry mouth 68.00 67.65 1.00

Pain Dry mouth 61.33 65.22 0.97

Pain Abdominal distension 61.33 65.22 0.96

Emotional-Psychological Cluster Feeling sad Feeling nervous 54.67 68.29 1.06
Irritability Feeling nervous 61.33 67.39 1.04

Feeling nervous Irritability 64.67 63.92 1.04

Feeling anxious Irritability 56.67 63.53 1.04

Psychiatric Cluster Restless sleep Dizziness 61.33 65.22 1.03
Fatigue Dizziness 56.67 64.71 1.02

Dizziness Restless sleep 63.33 63.16 1.03

co-reported (support = 67.33%, confidence = 68.32%).
Pain also showed high confidence levels (>65.00%) with
both symptoms, underscoring its central bridging role in
this cluster. In the emotional-psychological cluster, sad-
ness was identified as a sentinel symptom, strongly asso-
ciated with psychological tension (support = 54.67%, con-
fidence = 68.29%). In the psychological—-cognitive clus-
ter, dizziness was the predominant early indicator, closely
linked with sleep disturbance (support = 61.33%, confi-
dence = 65.22%) (Table 4).

At T2, nausea emerged as the dominant sentinel symp-
tom within the gastrointestinal cluster. It was associated
with loss of appetite (support = 65.33%, confidence =
70.41%, lift=1.09) and showed sequential progression pat-
terns with vomiting and constipation. In the psychological—
cognitive cluster, dizziness and impaired concentration ap-
peared as early indicators. Dizziness showed a strong as-
sociation with sleep disturbance (confidence = 76.92%, lift
= 1.17), while impaired concentration was linked to sleep
disturbance (support = 63.33%, confidence = 73.68%, lift
= 1.12). Within the emotional-psychological cluster, ir-
ritability emerged as an early and frequent symptom, as-
sociated with sadness and psychological tension (support
>58.00%, confidence >65.00%). In the liver function—
metabolic cluster, pain was the sentinel symptom, associ-
ated with abdominal distension (support = 55.33%, confi-
dence = 63.86%) and dry mouth (support = 58.00%, confi-
dence = 60.92%) (Table 5).

At T3, the strongest symptom pair in the
psychological-cognitive cluster was impaired concen-
tration and dizziness (support = 63.33%, confidence
= 69.47%), indicating early neurocognitive disruption.
Fatigue and sleep disturbance also demonstrated moderate
associations. In the emotional cluster, psychological
tension was the sentinel symptom, reciprocally linked to
anxiety (support ~60.00%, confidence >64.00%). In the

liver function—metabolic cluster, dry mouth emerged as
the sentinel symptom, associated with pain and abdominal
distension (support = 62.67% and 61.33%, respectively).
Abdominal distension was further correlated with weight
loss (Table 6).

At T4, loss of appetite became the dominant sentinel
symptom in the gastrointestinal cluster, with strong asso-
ciations with nausea and constipation (support = 60.67%
and 52.67%, confidence >65.00%). In the psychological—
cognitive cluster, sleep disturbance was the early indica-
tor, closely associated with fatigue (support = 61.33%, con-
fidence = 64.13%). Within the emotional-psychological
cluster, psychological tension and irritability demonstrated
a bidirectional association (support = 62.00%, confidence =
64.52%). In the liver function-metabolic cluster, pain again
served as the sentinel symptom, with the highest stage-
specific confidence in its association with weight loss (sup-
port = 54.67%, confidence = 73.17%). Dry mouth was also
associated with weight loss (support = 55.33%, confidence
= 65.06%) (Table 7).

Longitudinal Trends in Symptom Cluster Severity and
Quality of Life Scores Across Four Treatment Phases

All five symptom clusters exhibited a statistically sig-
nificant increase in severity scores from T1 to T4, indi-
cating a pronounced time effect. For the gastrointestinal
symptom cluster, severity scores remained relatively sta-
ble between T1 and T2, followed by a marked escalation
at T4, reaching 3.02 £+ 0.50 (F = 52.19, p < 0.001). The
hepatic—metabolic cluster showed a progressive increase
from 1.63 4+ 0.51 at T1 to 2.57 4+ 0.52 at T4 (F = 68.24,
p < 0.001), with T3 and T4 significantly higher than T1
and T2 (all p < 0.001). The emotional-psychological clus-
ter increased from 1.85 £ 0.50 at T1 to 2.77 £ 0.51 at T4 (F
=96.61, p < 0.001), with significant differences observed
across all timepoints (p < 0.001). The psychiatric symp-
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Table S. Intra-cluster symptom associations at T2 in patients receiving combination targeted and immune therapy.

Symptom cluster Antecedent symptom Consequent symptom  Support (%)  Confidence (%)  Lift
Gastrointestinal Cluster Nausea Loss of appetite 65.33 70.41 1.09
Constipation Nausea 58.00 63.22 1.05

Loss of appetite Nausea 58.00 62.07 1.07

Nausea Vomiting 58.00 62.07 1.07

Psychiatric Cluster Dizziness Restless sleep 52.00 76.92 1.17
Impaired concentration Restless sleep 63.33 73.68 1.12

Dizziness Impaired concentration 52.00 71.79 1.13

Restless sleep Impaired concentration 66.00 70.71 1.12

Dizziness Drowsiness 52.00 65.38 1.05

Emotional-Psychological Cluster Irritability Feeling sad 61.33 67.39 1.01
Feeling nervous Irritability 58.67 65.91 1.07

Irritability Feeling nervous 61.33 63.04 1.07

Hepatic—Metabolic Cluster Pain Abdominal distension 55.33 63.86 1.05
Dry mouth Pain 58.00 60.92 1.00

Table 6. Intra-cluster symptom associations at T3 in patients receiving combination targeted and immune therapy.

Symptom cluster Antecedent symptom Consequent Symptom  Support (%)  Confidence (%)  Lift
Psychiatric Cluster Difficulty concentrating Dizziness 63.33 69.47 1.05
Drowsiness Dizziness 56.67 69.41 1.05

Restless sleep Dizziness 58.00 67.82 1.03

Dizziness Impaired concentration 66.00 66.67 1.05

Emotional-Psychological Cluster Feeling nervous Feeling anxious 59.33 66.29 1.09
Feeling anxious Feeling nervous 60.67 64.84 1.09

Hepatic—Metabolic Cluster Dry mouth Pain 62.67 62.77 1.04
Abdominal distension Weight loss 62.67 62.77 1.03

Pain Dry mouth 63.33 62.11 1.04

Dry mouth Abdominal distension 61.33 63.04 1.00

Changes in taste of food Loss of appetite 53.33 66.25 1.16

tom cluster increased gradually from 1.95 £ 0.50 at T1 to
2.54 + 0.47 at T4, indicating a clear time effect (F =41.98,
p < 0.001), with all inter-timepoint comparisons statisti-
cally significant (p < 0.05). A similar upward trend was
observed for the cutaneous—peripheral nervous cluster (F =
37.82, p < 0.001) (Table 8).

In parallel, QOLscores across all domains declined to
varying degrees. The physical functioning domain showed
an overall reduction (F = 10.63), with the lowest score ob-
served at T3 (41.54 &+ 14.08). Although a slight rebound
occurred at T4 (43.24 + 10.20), it remained significantly
lower than T1 (47.84 4+ 10.25; p < 0.001). Psychological
functioning scores declined progressively (F = 6.76), with
significant reductions at T3 and T4 relative to T1 (p < 0.01
and p < 0.001, respectively), suggesting an increasing emo-
tional burden. Social functioning scores decreased consis-
tently (F = 7.68), reaching the lowest point at T3 (33.71 £
11.33), with T4 scores remaining significantly lower than
T1 (p < 0.001). In contrast, side effect scores increased
steadily over the treatment course, from 34.65 + 9.97 at T1
to 43.35 £ 6.58 at T4 (F = 20.05), with significant differ-
ences evident from T2 onward. The total QOL score de-
clined markedly with treatment progression (F = 34.66),

reaching its lowest value at T4 (157.64 £ 23.10), signifi-
cantly lower than T1 (178.96 4 18.87) and all intermediate
timepoints (p < 0.001). Self-evaluation scores followed a
similar downward trajectory (F = 9.57), with T4 (58.91 +
16.73) significantly lower than T1 through T3 (all p < 0.05)
(Table 9).

Correlations Between Symptom Clusters and Quality
of Life

At baseline (T1), the psychiatric symptom cluster ex-
hibited moderate negative correlations with most QOL do-
mains, with the strongest associations observed for over-
all QOL (r = —0.51), psychological functioning (r = —
0.48), physical functioning (r =—0.47), and self-evaluation
(r = —-0.46), all statistically significant (p < 0.01). The
emotional-psychological symptom cluster showed strong
inverse correlations with psychological functioning (r =
—0.46) and self-evaluation (r = —0.47). The hepatic—
metabolic symptom cluster was primarily associated with
self-evaluation (r = —0.47). The gastrointestinal symptom
cluster demonstrated moderate negative correlations with
physical functioning (r = —0.37) and self-evaluation (r = —
0.47). In contrast, the cutaneous—peripheral nervous symp-
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Table 7. Intra-cluster symptom associations at T4 in patients receiving combination targeted and immune therapy.

Symptom cluster Antecedent symptom  Consequent symptom  Support (%)  Confidence (%)  Lift
Gastrointestinal Cluster Loss of appetite Nausea 60.67 67.03 1.03
Loss of appetite Constipation 52.67 65.82 1.01

Constipation Loss of appetite 54.00 65.43 1.00

Psychiatric Cluster Restless sleep Fatigue 61.33 64.13 1.05
Fatigue Restless sleep 61.33 64.13 1.05

Dizziness Drowsiness 5533 63.86 1.04

Dizziness Fatigue 55.33 62.65 1.02

Emotional-Psychological Cluster Feeling nervous Irritability 62.00 64.52 1.03
Irritability Feeling nervous 62.67 63.83 1.03

Feeling anxious Feeling nervous 56.67 61.18 0.99

Feeling anxious Irritability 56.67 60.00 0.96

Hepatic—Metabolic Cluster Pain Weight loss 54.67 73.17 1.11
Dry mouth Weight loss 55.33 65.06 1.03

Weight loss Pain 66.00 60.61 1.10

Table 8. Longitudinal changes in the severity of individual symptom clusters across four treatment phases.

Symptom cluster T1 (Mean + SD) T2 (Mean + SD) T3 (Mean + SD) T4 (Mean + SD) F p-value
Psychiatric cluster 1.95 +0.50 2.16 + 0.50 *** 2,40 4 0.48 ***/# 254 + 0.47 ***/###/~ 4198  <0.001
Liver function- 1.63 4+ 0.51 2.22 +0.50 *** 2,50 £ 0.49 ***/i 2.57 £ 0.52 ***/t# 68.24  <0.001
metabolic cluster

Emotional— 1.85 £ 0.50 228 +0.48 **¥* 258 4+ 0.51 ***/##t 2,77 £ 0.51 ***/###/~ 96.61  <0.001
psychological

cluster

Gastrointestinal 1.99 £+ 0.49 2.07 £0.53 - 3.02 £ 0.50 ***/## 52.19  <0.001
cluster

Cutaneous— 1.75 £ 045 - 2.34 £ 0.49 *** 2.45 4 0.48 ***/n 37.82 <0.001
peripheral neu-

ropathy cluster

Notes: ***p < 0.001 vs. T1; #¥p < 0.001 vs. T2; "p < 0.05, p < 0.01 vs. T3.

tom cluster displayed overall weak correlations, most of
which were not significant. For the side-effect domain, all
symptom clusters were positively correlated, particularly
the psychiatric (r = 0.49) and hepatic—metabolic clusters (r
=0.44) (Fig. 1A).

At T2, correlations strengthened. The psychiatric
cluster showed the strongest inverse associations with over-
all QOL (r = —0.55), physical functioning (r = —0.54),
and self-evaluation (r = —0.51), all highly significant (p <
0.001). The emotional-psychological cluster maintained
moderate-to-strong negative correlations with social func-
tioning (r = —0.51), psychological functioning (r = —0.48),
and self-evaluation (r = —0.51). Notably, the hepatic—
metabolic cluster showed an increased positive correlation
with the side-effect domain (r = 0.51). Meanwhile, the
gastrointestinal cluster continued to display moderate neg-
ative correlations with overall QOL (r = —0.41) and self-
evaluation (r =—-0.46) (Fig. 1B).

By T3, the strength of associations further inten-
sified. The psychiatric cluster showed the most pro-
nounced inverse correlations, particularly with psycholog-
ical functioning (r = —0.63), overall QOL (r = —0.62), and

self-evaluation (r = —0.57). The emotional-psychological
cluster maintained moderate-to-strong negative correla-
tions with psychological functioning (r = —0.60) and self-
evaluation (r = —0.56). The hepatic—metabolic cluster
demonstrated stronger negative associations, most notably
with physical functioning (r = —0.53), overall QOL (r = —
0.55), while showing a positive correlation with side effects
(r = 0.60). The cutaneous—peripheral nervous cluster re-
mained weakly correlated (Fig. 2A).

At T4, correlation coefficients reached their peak. The
psychiatric symptom cluster showed significant negative
associations across all QOL domains, including psycho-
logical functioning (r = —0.65), overall QOL (r = —0.64),
physical functioning (r = —0.59), and self-evaluation (r = —
0.60), all at p < 0.001. The hepatic—metabolic cluster also
demonstrated strong associations, especially with physi-
cal functioning (r = —0.60), side effects (r = 0.60), overall
QOL (r =-0.63), and self-evaluation (r = —0.63). The gas-
trointestinal cluster exhibited stronger correlations at this
stage, particularly with self-evaluation (r = —0.64), psycho-
logical functioning (r = —0.58), and physical functioning
(r =-0.58). The cutaneous—peripheral nervous cluster re-
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Table 9. Longitudinal changes in quality-of-life (QOL) dimension scores across four treatment phases.

QOL Domain T1 (Mean + SD) T2 (Mean + SD)
Physical domain 47.84 +£10.25 45.57 £ 8.69 *
Psychological domain ~ 48.87 4 9.20 47.18 £ 9.54
Social domain 38.99 +£7.21 36.70 £+ 10.59 *
Side-effect domain 34.65 £9.97 38.37 £ 8.16 ***
Overall QOL score 178.96 + 18.87  169.13 + 18.87 ***
Self-evaluation 69.39 + 14.92 65.31 £ 18.23 *

T3 (Mean + SD) T4 (Mean + SD) F  p-value
41.54 4= 14.08 ***/## 43.24 4-10.20 ***/# 10.63  <0.001
45.95 4 8.82 ** 4431 4 9.88 ***/# 6.76  <0.001
33.71 4 11.33 ##*/# 35.52 + 8.86 *** 7.68 <0.001
39.79 £ 9.5] #** 43.35 + 6.58 ***/#H/MN 0 20.05  <0.001
159.51 4+ 24.10 ***/##H#  157.64 £ 23.10 ***/### 34,66 <0.001
63.03 £+ 19.38 ** 58.91 £ 16.73 ***/###/~  9.57  <0.001

Notes: *p < 0.05, **p < 0.01, ***p < 0.001 vs. T1; #p < 0.05, #ip < 0.01, ##p < 0.001 vs. T2; "p < 0.05, "p < 0.001 vs. T3.

mained the least correlated, with consistently weak coeffi-
cients across most QOL domains (Fig. 2B).

Collectively, the psychiatric and emotional—
psychological clusters emerged as the primary determinants
of QOL across all four treatment phases, with their negative
associations becoming progressively stronger over time.
The influence of hepatic—metabolic and gastrointestinal
clusters was more pronounced at T3 and T4, particularly
for side effects, physical functioning, and self-evaluation.
In contrast, the influence of the cutaneous—peripheral
nervous cluster remained minimal throughout the study
period.

Multivariate Regression Analysis

To examine the impact of demographic characteris-
tics and symptom clusters on QOL in patients with hepato-
cellular carcinoma receiving combination targeted and im-
munotherapy, stepwise multivariate linear regression anal-
yses were performed at each treatment time point.

At baseline (T1), the psychiatric symptom cluster (3
=-16.13, p < 0.001) and emotional-psychological clus-
ter (8 =-12.76, p < 0.001) were significant negative pre-
dictors of overall QOL. Male sex was positively associated
with QOL (8 = 9.25, p = 0.012), suggesting greater self-
reported well-being among male patients. Although other
symptom clusters (hepatic—-metabolic, gastrointestinal, and
cutaneous—peripheral nervous) did not reach statistical sig-
nificance (p > 0.05), the negative direction of their coeffi-
cients suggested a consistent adverse trend across domains
(Fig. 3A).

At T2, the psychiatric cluster (8 = -23.01, p <
0.001), emotional—psychological cluster (3 = -11.69, p =
0.0019), and gastrointestinal cluster (3 =-9.93, p =0.016)
remained significant negative predictors. The hepatic—
metabolic cluster and parental status showed marginal sig-
nificance (p = 0.051), but both contributed consistently to
the model. Educational attainment was not significantly as-
sociated with QOL (Fig. 3B).

By T3, the psychiatric (8 = —17.63, p < 0.001),
emotional-psychological (8 = —13.32, p < 0.001), and
hepatic—-metabolic (5 = —7.66, p = 0.022) all exerted sig-
nificant adverse effects on QOL (Fig. 3C).

At T4, this pattern persisted. The psychiatric cluster
(B =-15.74, p < 0.001), emotional-psychological cluster

(B =-15.95, p < 0.001), hepatic—metabolic cluster (5 =—
15.49, p < 0.001), and gastrointestinal cluster (3 =-8.95, p
= 0.022) were independently associated with poorer QOL.
Additionally, treatment duration emerged as a significant
predictor (8=-5.26, p =0.0044), reflecting cumulative bur-
den. Although marital status and tumor histology did not
achieve statistical significance, both variables approached
the threshold, suggesting potential explanatory relevance
(Fig. 3D).

Model diagnostics using residual plots confirmed the
adequacy of the linear regression assumptions. Across all
four time points, residuals were symmetrically distributed
around zero and exhibited random scatter without evidence
of heteroscedasticity or systematic deviation, indicating ro-
bust model fit and compliance with linear regression as-
sumptions (Fig. 4).

Subgroup Multivariate Regression Analyses by
Pathological Type

To further elucidate the associations between symp-
tom clusters and overall QOL across pathological subtypes,
subgroup multivariate regression analyses were conducted
for T1-T4 (Supplementary Figs. 1-4). At T1, the psy-
chiatric cluster emerged as a significant negative predic-
tor for both ICC (6 =-31.33, p = 0.031) and CHC (5 =
-38.43, p = 0.019). Additionally, the hepatic—metabolic
cluster exhibited adverse effects in HCC (Supplementary
Fig. 1). At T2, the psychiatric cluster remained signifi-
cant in ICC (5 = —43.86, p = 0.023), while the gastroin-
testinal cluster demonstrated a borderline effect. In con-
trast, HCC was characterized by a positive association of
the hepatic—metabolic cluster with QOL (5 = 20.21, p =
0.036). For CHC, the emotional-psychological cluster was
the primary driver of reduced QOL (8 =-37.54, p = 0.01)
(Supplementary Fig. 2).

At T3, the effect of the psychiatric cluster weak-
ened in ICC (8 = -11.71, p = 0.05), while the emotional—
psychological cluster demonstrated a positive association
(8 =31.23,p=0.041). In HCC, both the hepatic—metabolic
(B =-14.90, p = 0.03) and emotional—psychological clus-
ters (8 =—18.01, p = 0.025) exerted adverse predictive ef-
fects (Supplementary Fig. 3). At T4, the psychiatric clus-
ter again exerted strong negative effects across all patho-
logical subtypes: ICC (5 =-39.91, p = 0.0022), HCC (8
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Fig. 1. Heatmaps of correlations between symptom clusters and quality of life (QOL) domains at T1 (A) and T2 (B). Each matrix

cell is divided into two triangles: the upper-left displays Spearman correlation coefficients (r), while the lower-right triangle shows
statistical significance as —logio(p). Significance thresholds are defined as —logi(p) >1.3 (=p < 0.05), >2 (=p < 0.01), >3 (=p <

0.001).
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Fig. 3. Stepwise multivariate linear regression models predicting overall QOL scores from symptom clusters and demographic
covariates across four treatment stages (T1-T4). Panels (A-D) correspond to T1 through T4, respectively. The x-axis shows fitted
standardized regression coefficients (/3), indicating the direction and magnitude of impact for each variable on QOL. The y-axis lists the
predictor variables, including five symptom clusters and relevant demographic covariates. Red dots denote 5 estimates, and horizontal
lines indicate 95% confidence intervals. Values in parentheses report 3, degrees of freedom, #-statistics, and p-values.

=-17.55, p = 0.016), and CHC (8 = —59.44, p = 0.024) Discussion
(Supplementary Fig. 4). Concurrently, the hepatic—
metabolic cluster remained a consistent negative predictor

i This study systematically evaluated symptom preva-
in ICC (8 =-14.45, p = 0.02) and HCC (8 =-12.59, p =

lence, symptom cluster structures, and their impact on

0.038). Collectively, these findings indicate that the psy-
chiatric cluster consistently represents a universal negative
driver of QOL across pathological subtypes and treatment
phases. In contrast, the hepatic—-metabolic and emotional—
psychological clusters exhibited more subtype-specific ef-
fects, with stronger influences observed in HCC and CHC
patients.

QOL across four treatment phases in patients with primary
liver malignancies undergoing combined targeted therapy
and immune checkpoint inhibition. Systemic symptoms
such as fatigue, appetite loss, and weight loss were fre-
quently reported [14] and progressively worsened, consis-
tent with the established adverse effects of targeted agents
and disease progression. Agents such as lenvatinib are
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Fig. 4. Residual plots for multivariate linear regression models predicting QOL across T1-T4 (A-D). Each plot displays stan-

dardized residuals plotted against predicted QOL scores to evaluate model validity. Symmetrical, pattern-free distributions confirm that

regression assumptions were satisfied.

frequently associated with anorexia and weight loss [15],
which may explain the increased prevalence of xerostomia,
dysgeusia, and weight loss observed in our cohort. The
frequent co-occurrence of xerostomia and taste alterations
suggests mucosal or salivary gland involvement, consis-
tent with previously reported strong associations between
“taste alteration—dry mouth” clusters in patients receiving
combined immunotherapy [9]. The high prevalence of
emotional tension and anxiety likely reflects the substan-
tial psychological burden experienced by patients with ad-
vanced hepatocellular carcinoma (HCC). A previous study
has shown that 64—65% of advanced HCC patients present
with anxiety or depression, with significant adverse effects

on QOL [16]. In our study, the prevalence of anxiety
symptoms approached 80% at later treatment stages. One
previous study identified a high-risk subgroup of patients
whose quality of life progressively deteriorated during im-
munotherapy, particularly with respect to fatigue and emo-
tional functioning, findings consistent with the adverse in-
fluence of psychiatric and emotional-psychological symp-
tom clusters observed in our cohort [17]. The progressive
increase in sleep disturbances may reflect a bidirectional
interaction with pain and anxiety, contributing to a self-
perpetuating phase of insomnia, fatigue, and cognitive de-
cline. These findings are consistent with previous symptom
cluster analyses in HCC populations, including the high-
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frequency clusters described by Ryu et al. [18], such as
“pain—appetite loss”, “fatigue-related”, and “gastrointesti-
nal” clusters. While combination therapy has significantly
extended survival, it also imposes cumulative toxicities that
intensify symptom burden during prolonged treatment.

The types and compositions of symptom clusters iden-
tified at each treatment phase differed, indicating stage-
dependent structural variations, with dominant symptoms
dynamically evolving as treatment progressed. For exam-
ple, in the hepatic—metabolic cluster, pain served as the
central symptom, frequently co-occurring with xerostomia
and abdominal bloating. This pattern resembles the “pain—
bloating” bridging cluster reported by Chen et al. [9] in
patients receiving immune-based therapy. Symptom com-
plexes such as xerostomia, anorexia, abdominal distension,
and cachexia are recognized features of HCC-related syn-
dromes [8]. Furthermore, a study has demonstrated that
patients treated with sorafenib often experience appetite
loss and malnutrition, occasionally requiring dose reduction
or discontinuation [19]. Therefore, the hepatic—metabolic
cluster may serve as a clinical surrogate for hepatic decom-
pensation and systemic catabolism. Early recognition of xe-
rostomia, abdominal distension, or unexplained weight loss
should prompt timely liver function reassessment and initi-
ation of anti-inflammatory and nutritional support to delay
organ failure and mitigate symptom burden.

Gastrointestinal toxicity, including anorexia and diar-
rhea, is frequently reported with tyrosine kinase inhibitors
used in liver cancer [20]. Similarly, immune-related ad-
verse events (irAEs) involving the gastrointestinal tract,
such as anorexia, nausea, vomiting, diarrhea, and constipa-
tion, are commonly observed in patients receiving immune
checkpoint blockade [21]. In our study, early treatment
phases (T1-T2) identified nausea as the sentinel symptom
within the gastrointestinal cluster, possibly reflecting the
acute effects of inflammation and treatment-related toxic-
ity. By T4, anorexia became the primary complaint. These
findings suggest that sentinel gastrointestinal symptoms re-
flect the cumulative effects of tumor burden, hepatic in-
sufficiency, and therapy-induced toxicity, underscoring the
need for early, targeted symptom management, especially
for nausea and appetite loss.

The emotional-psychological cluster was character-
ized by symptoms including sadness, psychological ten-
sion, anxiety, and irritability, which are common manifes-
tations of depressive and anxious states. In the psychiatric
cluster, sleep disturbance predominated during the early
phases, whereas dizziness and fatigue became more promi-
nent at T3—T4, reflecting a progressive decline in cognitive
and physical functioning. Epidemiological evidence indi-
cates that approximately 25% of patients with HCC expe-
rience depressive symptoms, and about 22% report anxiety
[22], highlighting the clinical significance of mood disor-
ders in this population. Emotional symptoms such as sad-
ness and anxiety frequently appear in early disease stages
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and may exacerbate physical complaints such as fatigue as
the disease advances [8,22]. Therefore, routine psycholog-
ical screening should be incorporated into HCC care path-
ways, with early intervention for patients exhibiting signs of
emotional distress, as this may help reduce overall symptom
burden and improve clinical outcomes.

Symptom severity scores increased significantly over
time across all clusters, indicating a progressive escalation
in symptom burden. Gastrointestinal symptoms remained
relatively stable during the first two treatment phases but
exhibited marked exacerbation by the fourth phase. In con-
trast, the hepatic—metabolic and emotional symptom clus-
ters demonstrated a continuous upward trajectory. Previous
studies have consistently shown that higher symptom bur-
den is associated with poorer QOL [16,18], a finding cor-
roborated by our results. Patients with elevated symptom
burden exhibited substantially worse functional status and
QOL. Notably, in a comparative study of immunotherapy
plus VEGF inhibition (atezolizumab plus bevacizumab)
versus sorafenib, although dual therapy conferred superior
survival benefits, patient-reported outcomes also demon-
strated more clinically meaningful improvements in QOL,
functional status, and symptom control [23]. These obser-
vations underscore the significance of symptom manage-
ment even within the context of more effective combination
regimens. In our study, increasing side effect scores, cou-
pled with significantly reduced global QOL scores by the
fourth phase, suggest a clear deterioration in patients’ sub-
jective well-being across functional and symptomatic di-
mensions. Collectively, these findings emphasize the criti-
cal role of comprehensive symptom-targeted interventions
in preserving QOL during treatment.

Our analysis revealed that a constellation of co-
occurring symptoms exerts a pronounced negative impact
on QOL in patients with advanced liver cancer receiving
targeted immunotherapy. Among these, psychiatric symp-
toms, including fatigue, cognitive dysfunction, and sleep
disturbance, together with mood-related symptoms such as
anxiety and depression, emerged as principal drivers of
diminished QOL. These symptom clusters exhibited ro-
bust inverse associations with both global and psycholog-
ical QOL domains across all treatment phases, with this
negative correlation intensifying over time. Previous lit-
erature has demonstrated significant associations between
pain, fatigue, and reduced health-related QOL in hepato-
cellular carcinoma, suggesting that both physical discom-
fort and psychological distress compromise the lived ex-
perience of patients. Furthermore, fatigue is a frequently
reported irAE associated with checkpoint inhibitors [24],
potentially exacerbating psychiatric and emotional symp-
tomatology. These findings highlight the need for proactive
monitoring and management of psychiatric and emotional
symptoms throughout the course of targeted immunother-
apy to mitigate their cumulative impact on QOL.
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The adverse effects of hepatic—metabolic and gas-
trointestinal symptom clusters became increasingly evident
during later stages of treatment. Although these clusters
demonstrated relatively weak associations with QOL dur-
ing early phases (T1-T2), their negative correlations with
global scores, self-perceived health status, and physical and
treatment-related domains intensified markedly in phases
T3 and T4, peaking in the final phase. This trajectory
likely reflects cumulative treatment toxicity in conjunc-
tion with advancing disease. For example, an IMbravel50
trial and related study reported that approximately 20% of
patients receiving atezolizumab—bevacizumab therapy de-
veloped elevated liver enzymes and hepatic dysfunction,
while 17-18% experienced gastrointestinal toxicities such
as diarrhea and anorexia [25]. These adverse events not
only indicate organ impairment but also directly compro-
mise the physical functioning and subjective well-being of
patients, thereby lowering both physiological and overall
QOL scores. Hepatotoxicity (e.g., elevations in AST/ALT)
and persistent gastrointestinal disturbances have been rec-
ognized as frequent and potentially long-lasting immune-
related toxicities [26]. In our regression models, coef-
ficients for hepatic—-metabolic and gastrointestinal symp-
tom clusters increased progressively over time, suggesting
that their predictive value for QOL deterioration strength-
ened during later treatment phases. These findings high-
light the importance of early and continuous monitoring of
liver function and nutritional status, with timely manage-
ment of metabolic disturbances, anorexia, and gastrointesti-
nal symptoms, to preserve QOL throughout therapy.

Multivariate regression analyses further quantified the
independent predictive contributions of each symptom clus-
ter to QOL. Across all timepoints, psychiatric symptoms
consistently exhibited the strongest negative regression co-
efficients, underscoring their role as robust predictors of
QOL decline, even after adjusting for other covariates.
Emotional-psychological symptoms also emerged as sig-
nificant negative predictors across all treatment stages.
Conversely, hepatic—metabolic and gastrointestinal clusters
entered the regression models only during later treatment
phases (T3 and T4), suggesting that their influence on QOL
becomes more pronounced as cumulative toxicity develops.
Male sex was associated with better QOL at baseline (T1),
potentially reflecting sex-related differences in physiolog-
ical or psychological resilience. However, this effect was
not sustained in subsequent phases, likely due to the over-
riding influence of accumulating symptom burden. No-
tably, treatment duration emerged as a significant negative
predictor at T4, implying that extended treatment is associ-
ated with progressive QOL decline, most likely reflecting
cumulative toxicity and disease progression. Overall, the
multivariate findings were consistent with univariate corre-
lations, reinforcing the central role of psychiatric and emo-
tional symptom clusters in determining QOL outcomes.
Consistent with these observations, Chen et al. [9] demon-

strated that interventions targeting core and “bridge” symp-
toms can disrupt symptom cluster dynamics and improve
patient-reported outcomes. The quantitative evidence from
our study provides a rationale for precision-targeted inter-
ventions. Previous research has similarly identified fatigue,
emotional distress, and impaired social functioning as the
most prevalent and disruptive determinants of QOL in HCC
patients, aligning with our findings that psychiatric and
emotional-psychological symptom clusters exert a predom-
inant negative influence [27].

The present study is among the first to apply a symp-
tom cluster analytical framework to patients with hepatocel-
lular carcinoma (HCC) undergoing combined targeted and
immune-based therapies. It systematically evaluated the
temporal and multidimensional dynamics between symp-
tom clusters and QOL. Several limitations warrant consid-
eration. First, the study was conducted in a single tertiary
hospital, which may limit the generalizability of the find-
ings. Multicenter investigations with larger and more di-
verse cohorts are warranted to validate these results. Sec-
ond, symptom assessment relied exclusively on patient-
reported outcomes, which, while effectively capturing sub-
jective experiences, are inherently susceptible to recall bias
and underreporting. Incorporating objective biomarkers
such as liver function indices, cytokine profiles, or imag-
ing parameters in future studies could enhance the biolog-
ical validity of symptom cluster identification. Third, the
follow-up period was restricted to four treatment phases,
precluding assessment of delayed immune-related toxici-
ties and long-term quality-of-life trajectories. Extending
follow-up to at least 6-12 months in future studies would
allow a more comprehensive evaluation of symptom evolu-
tion and cumulative therapeutic burden.

Conclusions

This study provides a comprehensive assessment of
longitudinal changes in QOL, symptom cluster structures,
and sentinel symptom characteristics in patients with liver
cancer receiving targeted immunotherapy. We observed
that overall QOL progressively declined throughout the
treatment course, particularly during phases T3 and T4, re-
flecting the cumulative impact of treatment-related toxici-
ties and hepatic impairment on physical, psychological, and
social functioning. Gastrointestinal, psychiatric, emotional,
and metabolic clusters demonstrated stable co-occurrence
patterns across treatment stages, suggesting strong interde-
pendence and dynamic co-evolution. Sentinel symptoms
identified via the Apriori algorithm, such as nausea, dizzi-
ness, tension, and pain, demonstrated distinct temporal pro-
gression and strong co-associations with other symptoms,
highlighting their pivotal role in the formation and amplifi-
cation of symptom clusters. These findings underscore the
need for stage-specific, coordinated symptom management
strategies in clinical practice. Targeting sentinel symptoms
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may facilitate personalized, anticipatory care models. Fur-
thermore, dynamic monitoring tools should be integrated
into routine care to facilitate longitudinal assessment and
remote management of QOL during systemic treatment.
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