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Background: Sleep disturbance is common in patients with cancer and may reflect host immune, inflammatory, and symptom states
relevant to treatment response. In hepatocellular carcinoma (HCC), whether baseline sleep quality is associated with objective
response among patients receiving transarterial chemoembolization (TACE) combined with lenvatinib and PD-1 inhibitors remains
uncertain.

Methods: We conducted a secondary analysis of a prospectively registered observational HCC cohort in the Chinese Clinical Trial
Registry. Consecutive patients in the cohort who were treated with TACE plus lenvatinib and PD-1 inhibitors were screened; 129
patients with available baseline Pittsburgh Sleep Quality Index (PSQI), Hospital Anxiety and Depression Scale (HADS), and response
data were included. Objective response rate (ORR) was assessed using modified Response Evaluation Criteria in Solid Tumors
(mRECIST). Multivariable logistic regression adjusted for age, sex, ECOG performance status, ALBI grade, maximum tumor
diameter, tumor number, and portal vein tumor thrombosis. Unstabilized inverse-probability complete-case weighting and multiple
imputation were used as sensitivity analyses.

Results: The mean age was 60.9 years, 94 patients (72.9%) were male, and 64 of 129 patients (49.6%) achieved ORR. Responders
had better baseline sleep quality than non-responders (mean PSQI 4.14 vs 7.94; p<0.001). After adjustment, each 1-point increase in
PSQI was associated with lower odds of ORR (OR 0.62, 95% CI 0.48-0.75; p<0.001). The association was similar after inverse-
probability weighting (OR 0.63, 95% CI 0.52-0.75; p<0.001) and multiple imputation (OR 0.66, 95% CI 0.55-0.79; p<0.001).
Baseline HADS-Anxiety and HADS-Depression scores were not independently associated with ORR.

Conclusion: Poorer baseline sleep quality was independently associated with a lower probability of objective response in HCC
patients treated with TACE plus lenvatinib and PD-1 inhibitors. PSQI may be a feasible baseline risk-stratification tool in this setting,
but causal inference is limited and prospective validation is required before sleep-directed interventions can be expected to improve
tumor response.
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Introduction

Hepatocellular carcinoma (HCC) remains a leading cause of cancer-related mortality worldwide." For patients who are
not candidates for curative therapy, combination strategies integrating TACE, tyrosine kinase inhibitors such as
lenvatinib, and PD-1 inhibitors have become increasingly important, with clinical studies reporting meaningful response
and survival benefits.>* However, objective response remains heterogeneous even among patients with similar tumor
burden, liver function, and performance status. Recent studies also continue to identify molecular, clinicopathologic, and
immune-related determinants of HCC behavior, underscoring the need to explore additional factors associated with
treatment response.5 -8

Sleep disturbance is highly prevalent among patients with cancer and has been associated with impaired quality of life
and adverse outcomes.”'’ Anxiety and depressive symptoms often co-occur with sleep problems,'' but sleep quality and
psychological distress are not interchangeable constructs. Sleep and circadian regulation can affect immune signaling,
inflammatory pathways, neuroendocrine function, and immune checkpoint activity, all of which may be relevant to
immunotherapy efficacy and cancer-treatment outcomes.'* "

Evidence specific to HCC patients receiving contemporary TACE plus lenvatinib plus PD-1 inhibitor therapy is
limited. Most previous work has emphasized survival endpoints or general symptom burden rather than objective tumor
response, and few studies have evaluated sleep quality, anxiety, and depression within the same cohort. We therefore
examined whether baseline sleep quality, measured using PSQI, was associated with ORR in this treatment setting. We
also examined HADS-Anxiety and HADS-Depression scores, tested sleep-distress interaction, and assessed robustness
using DCR and sensitivity analyses.

Methods
Study Design and Participants

The parent observational cohort was prospectively registered in the Chinese Clinical Trial Registry
(ChiCTR2200056326). The present study was designed as a secondary analysis of available baseline questionnaire,
clinical, laboratory, and first post-treatment imaging response data recorded in this cohort. Consecutive patients with
HCC who received TACE plus lenvatinib and PD-1 inhibitors were screened. Patients were eligible if they had HCC
diagnosed according to accepted clinical or pathological criteria, received the combination regimen, had baseline PSQI
and HADS assessments before or at treatment initiation, and had evaluable radiologic response data. Patients were
excluded if response data, baseline sleep/psychological assessments, or key analysis variables were unavailable. The
selection process is shown in Figure 1.

Data Collection

Demographic variables, clinical characteristics, liver function indices, tumor burden, portal vein tumor thrombosis
(PVTT), laboratory values, baseline PSQI/HADS scores, and treatment response were extracted from institutional
clinical records and research datasets. Data were checked for consistency before analysis. Independent pain scores and
detailed concomitant analgesic, sedative, or hypnotic medication records were not available in the analytic dataset. The
PSQI sleep-medication component was available but was not treated as a substitute for a formal concomitant medication
record.

Exposure Assessment

Baseline sleep quality was measured using the Pittsburgh Sleep Quality Index (PSQI), a widely used instrument for
assessing sleep quality.”’ PSQI was analyzed continuously per 1-point increase and categorically using PSQI >5 to
indicate poor sleep quality, consistent with the conventional cutoff used to identify poor sleepers. Anxiety and depression
were assessed using HADS.*' HADS-Anxiety and HADS-Depression were analyzed continuously and using a cutoff of
>8. Although HADS can also be reported as <8, 8-10, and >11, the >8 cutoff was selected a priori to capture borderline
or clinically relevant symptoms while preserving statistical power in this cohort. We additionally reported three-category
HADS distributions descriptively.
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Screened patients treated with
TACE + lenvatinib + PD-1 inhibitors
(n=223)

\ Excluded from complete-case analysis

> (n=94)
Missing radiologic outcome or incomplete
baseline PSQI/HADS assessment

Included in primary complete-case analysis
(n=129)

Figure | Flowchart of patient enrollment and selection. A total of 223 patients treated with TACE plus lenvatinib and PD-1 inhibitors were screened. Ninety-four were
excluded because radiologic response data or baseline PSQI/Hads assessment data were unavailable, leaving 129 patients for the primary complete-case analysis.

Outcome Assessment

The primary endpoint was ORR, defined as complete response or partial response according to mRECIST.** Response
was assessed at the first post-treatment radiologic assessment per institutional practice using contrast-enhanced CT or
MRI when available in the clinical record. The source dataset did not contain uniform treatment-initiation and
confirmatory imaging dates that would support a reliable X-to-Y-week assessment window; therefore, no unsupported
standardized confirmatory time point was added. Patients without adequate measurable disease or evaluable post-
treatment response data were excluded from the primary complete-case analysis. DCR, defined as complete response,
partial response, or stable disease versus progressive disease, was evaluated as a secondary endpoint.

Covariates

Prespecified covariates were selected based on clinical relevance and included age, sex, ECOG performance status, ALBI
grade, maximum tumor diameter, tumor number, and PVTT. These variables reflect major determinants of HCC
treatment response, including liver function, tumor burden, vascular invasion, and general functional status.

Statistical Analysis

Baseline characteristics are summarized as mean (SD), median (IQR), or n (%) as appropriate and were stratified by ORR
status. Standardized mean differences (SMDs) were calculated to quantify between-group differences. Associations of
PSQI, HADS-Anxiety, and HADS-Depression with ORR were examined using logistic regression. The primary multi-
variable model included all three psychosocial measures and the prespecified clinical covariates. A predicted probability
curve was generated from the multivariable model to visualize the adjusted association between PSQI and ORR.

Sensitivity Analyses

To evaluate the potential influence of complete-case selection, unstabilized inverse-probability complete-case weights
were estimated using logistic regression for the probability of complete-case inclusion among screened records. The
weight model included age, sex, ECOG performance status, ALBI grade, Child-Pugh class, maximum tumor diameter,
tumor number, PVTT, extrahepatic metastasis, platelet count, albumin, and total bilirubin. Weights were calculated as 1
divided by the predicted probability of complete-case inclusion and truncated at the Ist and 99th percentiles. The
complete-case weight model was inspected using the predicted probability distribution, C statistic, Brier score,
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calibration intercept and slope, Hosmer-Lemeshow decile calibration, and post-weighting covariate balance; it was not
used as a causal exposure propensity-score model. The weighted ORR model used robust HCO standard errors. Balance
was assessed using SMDs and effective sample size. Multiple imputation by chained equations with 20 imputed datasets
and 20 iterations was also performed as a sensitivity analysis using ORR, PSQI, HADS-A, HADS-D, age, sex, ECOG
performance status, ALBI grade, maximum tumor diameter, tumor number, and PVTT. Because 94 screened patients
lacked outcome and baseline sleep/psychological assessment data simultaneously, imputation results were interpreted as
sensitivity evidence rather than replacing the complete-case primary analysis.

Software and Ethics

All analyses were performed using R version 4.5.2 (R Foundation for Statistical Computing, Vienna, Austria). Two-sided
p values <0.05 were considered statistically significant. The study was approved by the Institutional Review Board of
Cancer Hospital, Chinese Academy of Medical Sciences (identifier: 21/402-3073). Informed consent was waived because
of the observational design and use of existing clinical data. Patient confidentiality was protected during data extraction
and analysis, and the study was conducted in accordance with the Declaration of Helsinki. Data are available from the
corresponding author upon reasonable request.

Results

Patient Selection

A total of 223 screened records were identified, and 129 patients with complete baseline PSQI, HADS, and response data
were included in the primary analysis (Figure 1). Ninety-four screened records were excluded because radiologic
response data or baseline sleep/psychological assessment data were unavailable.

Baseline Characteristics

The mean age of the included patients was 60.90 years (SD 10.27), and 94 patients (72.9%) were male. Baseline
characteristics stratified by ORR status are shown in Table 1. Patients who achieved ORR had markedly better baseline
sleep quality than those who did not achieve ORR, with mean PSQI scores of 4.14 (SD 2.25) versus 7.94 (SD 4.71),
respectively (p<0.001; SMD 1.030). HADS-Anxiety and HADS-Depression scores were numerically lower among
responders but did not differ significantly.

Using established thresholds, 76 patients (58.9%) had PSQI >5. Clinically relevant anxiety (HADS-Anxiety >8) was
present in 16 patients (12.4%), and clinically relevant depression (HADS-Depression >8) in 15 patients (11.6%). When
HADS was described using three categories, only 7 patients (5.4%) had HADS-Anxiety >11 and 5 patients (3.9%) had
HADS-Depression >11, supporting the use of the >8 cutoff for the primary categorical analyses.

Primary ORR Analysis

Associations between PSQI, HADS-Anxiety, HADS-Depression and ORR are shown in Table 2. In unadjusted analysis,
each 1-point increase in PSQI was associated with lower odds of ORR (OR 0.73, 95% CI 0.62—0.83). After adjustment
for clinical covariates, PSQI remained independently associated with ORR (OR 0.62, 95% CI 0.48-0.75; p<0.001).
HADS-Anxiety (OR 1.06, 95% CI 0.87-1.30; p=0.536) and HADS-Depression (OR 1.06, 95% CI 0.89-1.27; p=0.537)
were not independently associated with ORR. A forest plot and PSQI probability curve are shown in Figure 2, and the
full complete-case multivariable model is provided in Supplementary Table S1.

Sensitivity Analyses

The inverse-probability complete-case weighted analysis yielded similar results. PSQI remained significantly associated with
ORR (OR 0.63, 95% CI 0.52-0.75; p<0.001), whereas HADS-Anxiety and HADS-Depression remained non-significant.
Full weighted model estimates are shown in Supplementary Table S2. The complete-case probability model used 206

screened records, and 124 complete-case records had estimated weights. Model inspection showed a C statistic of 0.794,
Brier score of 0.179, calibration intercept of —0.000, calibration slope of 1.000, and Hosmer-Lemeshow p value of 0.101.
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Table | Baseline Characteristics of the Study Population Overall and Stratified by ORR

Variable Level Overall No ORR (n=65) ORR (n=64) P value SMD
Age, years, mean (SD) 60.90 (10.27) 60.88 (10.41) 60.92 (10.20) 0.980 0.004
ECOG performance status, mean (SD) 0.36 (0.48) 0.40 (0.49) 0.31 (0.47) 0.303 0.182
Maximum tumor diameter, cm, mean (SD) 6.34 (3.63) 6.95 (3.47) 574 3.71) 0.062 0.337
Platelet count, x|079/L, mean (SD) 156.23 (75.23) 163.19 (85.35) 149.16 (63.24) 0.298 0.187
Albumin, g/L, mean (SD) 39.76 (7.68) 38.30 (6.06) 41.25 (8.84) 0.032 0.388
Total bilirubin, umol/L, median (IQR) 19.40 (14.00-26.40) 22.40 (16.50-34.15) 16.30 (13.00-21.35) 0.002 0.221
AST, U/L, median (IQR) 43.70 (32.00-69.70) 53.30 (35.05-97.30) 40.30 (30.72-53.67) 0.020 0.379
PSQI total score, mean (SD) 6.05 (4.15) 7.94 (4.71) 4.14 (2.25) <0.001 1.03
HADS-Anxiety score, mean (SD) 4.26 (3.38) 4.75 (3.67) 3.77 (3.00) 0.097 0.295
HADS-Depression score, mean (SD) 3.67 (3.38) 4.00 (3.50) 3.34 (3.25) 0.271 0.195
Sex, n (%) Female 35 (27.1) 20 (30.8) 15 (23.4) 0.429 0.166
Male 94 (72.9) 45 (69.2) 49 (76.6)
PSQI category, n (%) PSQI <5 53 (41.1) 17 (26.2) 36 (56.2) <0.001 0.642
PSQI =5 76 (58.9) 48 (73.8) 28 (43.8)
HADS-Anxiety 28, n (%) HADS-A <8 113 (87.6) 52 (80.0) 61 (95.3) 0.014 0.479
HADS-A 28 16 (12.4) 13 (20.0) 3(47)
HADS-Depression 28, n (%) HADS-D <8 114 (88.4) 55 (84.6) 59 (92.2) 0.272 0.238
HADS-D 28 15 (11.6) 10 (15.4) 5(7.8)
HADS-Anxiety 211, n (%) HADS-A <11 122 (94.6) 59 (90.8) 63 (98.4) 0.115 0.344
HADS-A 211 7 (54) 6(9.2) 1 (1.6)
HADS-Depression 211, n (%) HADS-D <11 124 (96.1) 62 (95.4) 62 (96.9) 1.000 0.077
HADS-D 211 5@3.9) 3 (4.6) 2 3.0)
HADS-Anxiety three-category, n (%) <8 113 (87.6) 52 (80.0) 61 (95.3) 0.031 0.344
8-10 9 (7.0) 7 (10.8) 2 (3.1)
=1 7 (5.4) 6 (9.2) 1 (1.6)
HADS-Depression three-category, n (%) <8 114 (88.4) 55 (84.6) 59 (92.2) 0.453 0.077
8-10 10 (7.8) 7 (10.8) 3(47)
211 539 3 (4.6) 2 (3.1)

Note: No bold table text is used.

Abbreviations: SMD, standardized mean difference; ORR, objective response rate; PSQI, Pittsburgh Sleep Quality Index; HADS, Hospital Anxiety and Depression Scale.

Table 2 Associations of PSQI and HADS Scores with Objective Response Rate

Variable

Model |

Model 2

Model 3_IPTW

PSQI total score (per I-point increase)

0.73 (0.62-0.83)

0.62 (0.48-0.75)

0.63 (0.52-0.75)

HADS-Anxiety score

0.99 (0.84-1.17)

1.06 (0.87—1.30)

1.10 (0.90—1.34)

HADS-Depression score

1.03 (0.89-1.21)

1.06 (0.89-1.27)

1.01 (0.81-1.25)

Journal of Hepatocellular Carcinoma 2026:13

https:



Tian et al

0%

A B
1
X 100%
PSQI total score —e—A1 !
'
1
1
1
HADS-Anxiety score |—:.—‘
1
1 75%
1
1 [+
1 ['4
HADS-Depression score —e— o
! s
! >
=
. a8
©
Age 2 2l Qo 50%
1 [
=
1 Q
! °
1 ]
-
! .
Male se; I * { °
X r ! d 1 E
1 o
1
25%
1
ECOG performance status I ® : {
1
1
1
Maximum tumor diameter I—.—{ :
1
1
'

0.3 3.0 5

1.0 10
Adjusted odds ratio (log scale) PSQl total score

Figure 2 Multivariable-adjusted associations between psychosocial measures and ORR. (A) shows adjusted odds ratios and 95% confidence intervals for selected variables
in the multivariable logistic regression model. (B) shows the modeled relationship between PSQI total score and predicted probability of ORR, with other covariates fixed at
representative values.

After 1st/99th percentile truncation, the effective sample size was 100.8. Most weighted SMDs improved compared with
unweighted SMDs, although some residual imbalance remained for sex and tumor number (Supplementary Table S3).

Multiple imputation also supported the primary finding. In the pooled imputed analysis, PSQI remained associated
with lower odds of ORR (OR 0.66, 95% CI 0.55-0.79; p<0.001), while HADS-Anxiety (OR 1.05, 95% CI 0.88-1.25;
p=0.590) and HADS-Depression (OR 1.04, 95% CI 0.87-1.25; p=0.631) were not significant (Supplementary Table S4).

Interaction Analysis

The interaction model evaluating poor sleep and psychological distress is shown in Table 3. Poor sleep was associated
with lower odds of ORR (OR 0.31, 95% CI 0.14-0.68; p=0.004). Psychological distress alone was not significantly
associated with ORR (OR 0.44, 95% CI 0.05-3.96; p=0.434), and the interaction term was not significant (p=0.944).
Figure 3 displays the joint exposure estimates.

DCR Analysis

For DCR, PSQI showed the same general direction of association. In the multivariable DCR model using continuous
psychosocial scores, higher PSQI was associated with lower odds of DCR (OR 0.60, 95% CI 0.47-0.77; p<0.001). In the
separate threshold-based DCR model, PSQI >5 was also associated with lower odds of DCR (OR 0.13, 95% CI 0.02—

Table 3 Interaction Analysis of Poor Sleep Quality and Psychological Distress
in Relation to ORR

Variable OR_CI p.value

Poor sleep (PSQI 25) 031 (0.14-0.68) | 0.004

Psychological distress (HADS-A 28 or HADS-D 28) | 0.44 (0.05-3.96) 0.434

Interaction term 0.92 (0.07-10.86) | 0.944
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Figure 3 Joint exposure analysis evaluating poor sleep quality (PSQI 25), psychological distress (Hads-Anxiety 28 or HADS-Depression 28), and their interaction in relation
to ORR.

0.73; p=0.020), whereas HADS threshold estimates remained non-significant (Supplementary Tables S5 and S6). These

secondary analyses should be interpreted as supportive but exploratory.
Exploratory biomarker comparisons by sleep quality and psychological distress categories are shown in
Supplementary Figure S1. These exploratory comparisons are presented for hypothesis generation and were not used

for primary inference.

Discussion

In this cohort of HCC patients treated with TACE plus lenvatinib and PD-1 inhibitors, poorer baseline sleep quality was
consistently associated with a lower probability of objective response. The association persisted after adjustment for
major HCC prognostic factors, after inverse-probability complete-case weighting, and in multiple-imputation sensitivity
analysis. In contrast, baseline anxiety and depression were not independently associated with ORR after adjustment.

The stability of the PSQI association suggests that baseline sleep quality may capture a clinically relevant host state
not fully represented by tumor burden, liver function, or performance status. Sleep disturbance may reflect symptom
burden, inflammatory activation, circadian disruption, or immune-metabolic vulnerability. These pathways are biologi-
cally plausible in the setting of PD-1 blockade, where antitumor efficacy depends on immune activation and sustained
effector function.

The lack of independent HADS associations requires careful interpretation. Clinically relevant anxiety and depression
were uncommon in this cohort, and high HADS scores were particularly rare: HADS-Anxiety >11 occurred in 7 patients
and HADS-Depression >11 in 5 patients. This limited statistical power for categorical HADS analyses and may explain
why crude subgroup differences did not persist after clinical adjustment. Sleep quality and psychological distress are
related but distinct; PSQI may be more proximal to physiologic processes involved in treatment response than baseline
anxiety or depression scores alone.

Our findings should also be interpreted in the context of mixed and still-developing evidence across cancer types.
Circadian and sleep disruption have been linked to immune function and immunotherapy outcomes in some studies, but
available evidence is heterogeneous and often indirect. Therefore, the present results should be viewed as hypothesis-
generating rather than proof that modifying sleep will improve tumor response.

Clinically, PSQI is brief, low-cost, and feasible to administer before combination therapy. If validated, it could help
identify patients who may require closer monitoring or supportive care. However, sleep improvement has established
value for quality of life and symptom control; it remains unproven that sleep-directed interventions improve ORR. We
have revised the interpretation accordingly to avoid causal overstatement.
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This study has limitations. First, the single-center design and secondary-analysis approach may limit generalizability.
Second, 94 screened records lacked response and baseline sleep/psychological assessment data, and complete-case
selection may introduce bias. We addressed this with inverse-probability complete-case weighting and multiple imputa-
tion, but residual bias cannot be excluded. Third, independent pain scores and detailed concomitant analgesic, sedative,
or hypnotic medication records were unavailable, leaving potential unmeasured confounding. Fourth, ORR was assessed
at the first post-treatment radiologic assessment per institutional practice, and the available dataset did not include
uniform confirmatory assessment time points or sufficient date fields to calculate a consistent X-to-Y-week imaging
window. Fifth, PSQI and HADS were self-reported baseline measures, and longitudinal changes were not assessed.
Finally, DCR and biomarker analyses were exploratory and should not be overinterpreted.

Future multicenter prospective studies should validate whether PSQI adds predictive value beyond standard HCC
clinical factors, collect serial sleep and psychological assessments, standardize radiologic assessment timing, and include
pain, medication, and adherence data. Interventional trials would be needed to determine whether sleep optimization can
improve tumor response or other oncologic outcomes.

Conclusions

Poorer baseline sleep quality was independently associated with reduced odds of objective response in HCC patients
treated with TACE plus lenvatinib and PD-1 inhibitors, whereas baseline anxiety and depression were not independently
associated with ORR. PSQI may be a feasible baseline risk-stratification tool in this population, but causality cannot be
inferred from these observational data. Prospective studies are needed to validate these findings and determine whether
sleep-targeted supportive care can influence treatment outcomes.
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