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Individuals diagnosed with advanced cancer often experience stress and depression, factors linked 
to worse survival. Curability belief—defined as the hope and expectation of cure through treatment, 
based on affective forecasting—may differ from the patient’s actual life expectancy (i.e., likelihood 
estimation) and has shown variable associations with cancer survival. In this study, multivariate Cox 
regression analyses were used to examine the effect of curability belief and depression on 1-year 
survival after adjustment for physical factors. Additionally, regularized partial correlations among 
physical and psychological factors were assessed using mixed graphical models to elucidate their 
roles in mediating the relationship between curability belief and 1-year survival. This multi-center 
cohort study, conducted across 13 tertiary hospitals (including four ranked among the ‘World’s Best 
Specialized Hospitals 2025’ in oncology), involved 382 adults with stage IV advanced cancer and an 
oncologist-estimated survival of more than 6 months. Baseline data included demographics, primary 
tumor site, number of metastatic sites, symptom burdens (EORTC QLQ-C15-PAL), performance 
status (ECOG-PS), depression levels (PHQ-9), anti-cancer treatment type, patient’s life expectancy 
estimation, and curability belief. Follow-up data included 1-year survival and end-of-life care (place 
of death) for deceased patients. Multivariate Cox proportional hazards models were used to assess 
adjusted hazard ratios (aHRs) for curability belief, depression, and their interaction on 1-year 
survival, adjusting for significant demographic and clinical factors from univariate Cox regressions. 
The Kaplan–Meier method was used to plot survival probability by curability belief and depression 
interaction. Mixed graphical models estimated regularized partial correlations among 1-year survival, 
curability belief, patient’s life expectancy, depression, primary tumor site, anti-cancer treatment 
type, performance status, and symptom burden. In terms of healthcare utilization, patients with 
curability belief were more likely to receive standard or advanced anti-cancer therapy, while those 
without curability belief tended to suspend or discontinue therapy (P < 0.001). Among patients who 
did not survive the 1-year follow-up (N = 161), end-of-life care settings differed significantly between 
those with curability belief (predominantly nursing homes and home settings) and those without 
(primarily hospice and tertiary/secondary hospitals; P = 0.036). In multivariate Cox regression, 
curability belief (P = 0.003), depression (PHQ-9 score ≥ 10; P = 0.003), and their interaction (P = 0.040) 
were significantly associated with 1-year survival, after adjusting for sex, residential area, primary 
tumor site, performance status, anti-cancer treatment type, and symptom burdens (fatigue and 
appetite loss). The relationship between curability belief and 1-year survival was significant only 
in patients without depression [PHQ-9 score < 10; aHR (95% CI) = 2.20 (1.31–3.70); P = 0.003]. In 
the mixed graphical model, node predictability values for curability belief, depression, and 1-year 
survival were 0.68, 0.50, and 0.70, respectively, with curability belief showing partial correlations 
with depression (r = 0.30) and patients’ life expectancy (r = 0.20); depression correlated with fatigue 
(r = 0.53), anorexia (r = 0.16), life expectancy (r = 0.24), performance status (r = 0.23), and curability 
belief; and 1-year survival correlated with suspended/stopped anti-cancer treatment (r = 0.45), primary 
tumor site (r = 0.24), and performance status (r = 0.15). Partial correlations of performance status 
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with depression and discontinued treatment mediated the association between curability belief 
and 1-year survival. Curability belief among stage IV advanced cancer patients with an oncologist-
estimated survival of over 6 months was associated with depression levels and patients’ perceived life 
expectancy estimations. Performance status, depression, and anti-cancer treatment status mediate 
the relationship between curability belief and improved 1-year survival in patients without depression. 
Further research using longitudinal modeling of depression, performance status, and healthcare 
utilization, with curability belief and primary tumor site as covariates, is warranted.

Trial registration: Clinical Trial Number (ClinicalTrials.gov): NCT03222258; Study Registration Dates 
(First submitted: 2017-06-05; First submitted following the QC criteria: 2017-07-16; First posted: 2017-
07-19).

Keywords Advanced cancer, Curability belief, Depression, 1-year survival, Cox proportional hazard 
regression model, Mixed graphical model
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Curability belief in advanced cancer does not always align with patients’ life expectancy
Prognostic awareness refers to a patient’s recognition of their shortened and limited life expectancy in 
advanced cancer1. This awareness generally persists throughout the course of the illness2,3. However, a patient’s 
curability belief—defined as the hope or expectation that they “will be cured” or “may be cured if treatment 
is successful,” rooted in affective forecasting—does not always match their perceived life expectancy estimate, 
which is a likelihood assessment based on information received. Curability beliefs of patients with advanced 
cancer frequently differ not only from their life expectancy estimates but also from the prognosis provided by 
their physicians or the explicit goals of their treatment. In fact, only 49.1% of advanced cancer patients report 
alignment between their personal prognostic beliefs and those of their physicians4. Interestingly, prognostic 
accuracy tends to be lower among patients with stage IV gastrointestinal cancer compared to those with stage 
I–III, and is also reduced in those with unresectable cancers compared to resectable ones3. Generally, patients 
who have recently been informed by their healthcare providers of the incurable nature of their illness have 
more realistic expectations about their prognosis5. Additionally, advanced care planning and discussions around 
end-of-life care play critical roles in shaping patients’ prognostic beliefs6. Conversely, a subgroup of patients 
with metastatic cancer has been shown to maintain a personal goal of cure, even when their oncologists have 
communicated that the objective of treatment is not to achieve disease cure7.

Curability belief, physical functioning, healthcare utilization, and survival in advanced cancer 
patients
The potential association between curability beliefs and patient survival may be partly mediated by patterns 
of healthcare utilization and physical functioning in daily life. First, prognostic awareness can affect treatment 
adherence and healthcare utilization. For instance, patients with advanced cancer who participate in clinical 
trials, including phase I trials, exhibit more optimism regarding their survival, curability, and treatment outcomes, 
have a preference for life-extending therapies, and are less likely to have a do-not-resuscitate order8. Conversely, 
patients who are aware of the incurable nature of their disease do not prefer life-prolonging treatment5, are 
more likely to use home hospice care3, and are less likely to be hospitalized in the last 30 days of life3. Second, a 
lower quality of life in the physical domain is associated with awareness of disease incurability9. Better physical 
functioning predicts longer survival; for instance, among patients who underwent metastatic spine tumor 
surgery, preserved physical functioning enabling ambulation and self-care was related to a higher probability 
of survival for up to 90 days without an unplanned hospital readmission10. Patients with advanced cancer may 
consider a fair level of physical functioning predictive of longer survival, even during hospice residency11. Third, 
decreased levels of self-efficacy and motivation, hopelessness, and anxious preoccupation in cancer patients with 
comorbid depression12 can weaken the “agency thinking components” of curability beliefs, which represents the 
mental energy required to initiate and maintain goal-oriented behaviors even during health-related distress13. A 
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subgroup of patients with advanced cancer who possess energy and motivation and are able to engage in goal-
orientated behaviors have longer survival than those who experience hopelessness14,15.

Association of prognostic awareness and depressive symptoms in advanced cancer patients
Prognostic awareness can be a significant source of distress in patients with advanced cancer6. Firstly, patients, 
along with their families and clinicians, often face considerable uncertainty regarding treatment outcomes and 
survival duration. Among patients with stage IV solid tumors, those who are aware of or uncertain about their 
prognosis tend to experience heightened anxiety and depression, greater symptom burden, reduced quality of 
life, and diminished spiritual well-being compared to those who believe their cancer is curable16. Conversely, 
patients with a limited life expectancy (median: < 12  months) and their caregivers encounter numerous 
challenges, including severe physical symptoms, disability, uncertainty around survival, and decreased self-
efficacy3. Furthermore, while more conservative prognostic awareness in caregivers can enhance the quality 
of life and mood of patients with advanced cancer, it may lead to a decrease in the quality of life and mood 
for the caregivers themselves17. Consequently, disclosing the incurable nature of the disease to patients with 
advanced cancer should be accompanied by appropriate psychological support. Moreover, patients are often 
required to make personal and healthcare decisions based on their prognostic awareness, engaging in prognosis-
based decision-making8. Since beliefs about survival or curability can profoundly influence feelings of hope or 
hopelessness and impact health-related behaviors in advanced cancer patients18–20, investigating the relationship 
between curability beliefs and survival in this patient population is essential.

Study aim and hypothesis
In unresectable or metastatic advanced cancers, physical factors influencing survival—such as primary and 
metastatic tumor sites, treatment type, and physical capability—are not modifiable21. This study aimed to 
analyze possible associations between curability beliefs and healthcare utilization, physical functioning in daily 
life, comorbid depression, and length of survival in patients with advanced cancer. Multivariate Cox regression 
analyses were utilized to examine the effect of the interaction between curability belief and depression on 
1-year survival after adjustment for physical factors. Furthermore, mixed graphical models (MGMs) were used 
to estimate partial correlations among physical and psychological factors that may mediate the association 
of curability belief with 1-year survival. We hypothesized that curability beliefs serve as a protective factor 
promoting survival in advanced cancer patients, depending on the presence or absence of comorbid depression.

Materials and methods
Study design and participants
In the current study, we performed a secondary analysis of data from a prospective multicenter cohort study of 
patients with advanced cancer [Clinical Trial Registry (ClinicalTrials.gov); Clinical Trial Number: NCT03222258; 
Study Registration Dates (First submitted: 2017-06-05; First submitted following the QC criteria: 2017-07-16; 
First Posted: 2017-07-19)]. The study examined the potential associations among survival, curability beliefs, 
and depressive symptoms in patients with advanced cancer. Some of the results of the prospective cohort study 
related to the effect of prognostic awareness on quality of life in patients with advanced cancer were published 
recently22. The current study recruited participants who were aware of their cancer diagnosis from 13 tertiary 
hospitals in the Republic of Korea between 17 December 2016 and 17 August 2018. Four of the 13 hospitals 
in this study were ranked among the “World’s Best Specialized Hospitals, 2025” in oncology: Asan Medical 
Center (3rd), Seoul National University Hospital (8th), Seoul National University-Bundang Hospital (57th), and 
Chonnam National University-Hwasun Hospital (116th)  (   h t t p  s : / / r .  s t a t i s  t a . c o m  / e n / h e a l t h c a r e / w o r l d s - b e s t - s p e c 
i a l i z e d - h o s p i t a l s - 2 0 2 5 / r a n k i n g /     ) .  

The inclusion criteria were as follows: (1) age ≥ 19 years; (2) diagnosis of stage IV advanced breast, colon, 
gastric, pancreatobiliary, lung, or liver cancer, or malignant hematologic neoplasm; (3) anti-cancer treatment 
that included ongoing standard chemotherapy, interrupted standard chemotherapy, ongoing advanced anti-
cancer treatment (such as immunotherapy or clinical trials) following standard chemotherapy, or cessation 
of all anti-cancer therapy; and (4) oncologist-estimated survival of > 6 months at baseline. Patients with poor 
cognitive capacity, an inability to read or understand Korean, or an inability to complete the survey due to 
poor physical condition were excluded. All oncologists participating in this study as attending physicians are 
active members of the Korean Society of Medical Oncology (KSMO; http://eng.ksmo.or.kr/main.html) and 
have comparable levels of clinical expertise. The study protocol was approved by the Institutional Review Board 
of Seoul National University College of Medicine and Hospital (approval no.: 1602-142-745). The study was 
performed in accordance with the 1975 Declaration of Helsinki and its 2013 amendment. Informed consent was 
obtained from all participants.

Measures: sociodemographic and physical health status
At baseline, demographic factors (age, sex, marital status, religion, and place of residence), socioeconomic 
status (monthly household income and educational achievement), physical health (primary tumor site, 
physical performance, type of cancer treatment, and number of metastatic sites), and mental health (depressive 
symptoms) were evaluated using self-administered questionnaires during face-to-face interviews at an outpatient 
or inpatient facility.

With regard to cancer-related physical health status, physical functioning in daily life was assessed using the 
Eastern Cooperative Oncology Group performance status (ECOG-PS) scale23. This scale categorizes functioning 
in daily life into six classes: fully active and able to carry out all pre-disease activities without restriction (0), 
restricted in physically strenuous activities but ambulatory and able to carry out light or sedentary work, such 
as light house work or office work (1), ambulatory and capable of all self-care but unable to carry out any work 

Scientific Reports |        (2024) 14:29098 3| https://doi.org/10.1038/s41598-024-80687-6

www.nature.com/scientificreports/

https://r.statista.com/en/healthcare/worlds-best-specialized-hospitals-2025/ranking/
https://r.statista.com/en/healthcare/worlds-best-specialized-hospitals-2025/ranking/
http://eng.ksmo.or.kr/main.html
http://www.nature.com/scientificreports


activities, with the patient spending > 50% of waking hours “up and about” (2), capable of only limited self-care, 
confined to bed or chair for > 50% of waking hours (3), completely disabled, unable to perform self-care, and 
totally confined to bed or chair (4), and death (5).

Cancer-related symptom burden was assessed using the European Organization for Research and Treatment 
of Cancer Quality of Life Questionnaire Core 15 Palliative (EORTC QLQ-C15-PAL) scores24–26. The EORTC 
QLQ-C15-PAL includes 15 items covering seven symptom domains—fatigue, pain, dyspnea, insomnia, appetite 
loss, constipation, and nausea/vomiting—as well as three functional scales assessing quality of life, physical 
functioning, and emotional functioning26. Most items are rated on a 4-point Likert scale (1 = “not at all,” 2 = “a 
little,” 3 = “quite a bit,” 4 = “very much”), while overall quality of life is evaluated on a scale from 1 (very poor) to 
7 (excellent)26. Ten sub-scores are calculated and linearly transformed to a 0–100 scale26,27. Higher scores on the 
symptom scales indicate greater symptom severity, whereas higher scores on the functional and overall quality 
of life scales reflect better health-related quality of life26,27.

Measures: curability belief, patient’s perceived life expectancy, and depression
Curability belief was assessed by asking patients, “Do you think your illness will be cured?”22,28 Response options 
included: (1) “my cancer will be cured,” (2) “my cancer may be cured if the treatment is successful,” (3) “my 
cancer cannot be cured but treatment will control it,” (4) “my cancer cannot be cured and additional treatment 
is unsuitable,” and (5) “not sure28.” Curability belief was indicated by responses 1 or 2 only.

Patient life expectancy was evaluated with the item, “How much longer do you think you might live?”28 
Participants selected one of the following options: (1) “similar to a healthy person of my age,” (2) “more than a 
few years,” (3) “more than a few months,” (4) “within a few months,” or (5) “not sure.” For comparisons between 
groups (Table 1) and MGM analysis (Fig. 2), responses were reclassified into two categories: “ ≥ several years” 
(options 1 and 2) and “ ≤ several months” (options 3–5).

Depressive symptoms at baseline were measured using the Patient Health Questionnaire-9 (PHQ-9)29,30, a 
nine-item tool where total scores indicate depression severity: 0–4 (none), 5–9 (mild), 10–19 (moderate), and 
20–27 (severe)29. In this study, comorbid depression was defined as a baseline PHQ-9 score of ≥ 1031.

Measures: patient survival at 1-year follow-up and end-of-life care metrics
Patient survival at 1  year from study enrollment and baseline measures were assessed through information 
collected from participants, families, and physicians. Follow-up was conducted by research assistants at 3, 6, and 
12 months in inpatient or outpatient settings. For patients who did not survive the 1-year follow-up, end-of-life 
data, including place of death, was obtained from caregivers. If participants could not be reached, physicians 
were consulted to confirm survival status. Those unreachable were categorized as “unable to contact.”

Statistical analyses: survival analyses
Demographic, socioeconomic, physical health, and mental health parameters were compared between the 
subgroups with curability beliefs (n = 239) and without curability beliefs (n = 143) using t-test for continuous 
variables and the chi-square test for categorical variables (Table 1). Univariate Cox proportional hazards regression 
analyses were conducted to examine the associations between 1-year survival of patients with advanced cancer 
and factors such as demographics, socioeconomic status, primary tumor site, number of metastatic sites, type 
of cancer treatment, performance status, symptom burden, and depression (Table 2). Furthermore, multivariate 
Cox proportional hazards regression models of 1-year survival were used to examine associations between 1-year 
survival and curability beliefs, with adjustment for demographic and clinical variables that posed significant 
risks to 1-year survival, as identified in the univariate analyses (Fig. 1). Post hoc multivariate Cox proportional 
hazards regression models were utilized to compare the association between survival and curability beliefs in 
subgroups without (PHQ-9 total score < 10) and with (PHQ-9 total score ≥ 10) comorbid depression at baseline, 
after adjustment for demographic and clinical variables associated with significant risks to 1-year survival in the 
univariate analyses (Fig. 1). Kaplan–Meier survival curves for the curability beliefs-by-depression interaction in 
patients with advanced cancer (Fig. 1) were generated using the MatSurv function32 implemented in MATLAB 
software version R2022a (http://www.mathworks.com). Fitting of the Cox proportional hazards regression 
models, along with calculation of hazard ratios (HRs) and 95% confidence intervals (CIs), was performed using 
the coxph function included in the R package survival  (   h    t t  p  s : /  / c  r  a n . r  - p r o   j e c  t . o r g / w e b / p a c k a g e s / s u r v i v a l / i n d e x . h 
t m l     ) . P-values < 0.05 were considered statistically significant.

Statistical analyses: MGM
To investigate associations among key clinical variables, we employed a MGM, focusing on 1-year survival 
(yes/no), curability belief (with/without), patient’s life expectancy (≥ years/ ≤ months), depression (PHQ-9 
score ≥ 10/ < 10), primary tumor site (gastrointestinal-hepato-biliary-pancreatic/others), ongoing advanced 
anti-cancer treatment (including immunotherapy and clinical trials; yes/no), discontinued anti-cancer therapy 
(yes/no), performance status (ECOG-PS; 0–4), and symptom burdens of fatigue and appetite loss (EORTC 
QLQ-C15-PAL scores) in advanced cancer patients (Fig. 2). The MGM involved ten categorical, ordinal, and 
continuous variables33, where each variable was represented as a “node” and edges between nodes indicated 
undirected conditional dependencies or regularized partial correlations34–36. Two variables (i.e., nodes) were 
considered independent if they were not connected when conditioned on other variables37. To address potential 
spurious associations, we applied the least absolute shrinkage and selection operator (LASSO) method, which 
adjusted edge weights, setting smaller weights to zero, thereby reducing unnecessary connections38. For the 
MGM network derivation, we optimized edge weights through LASSO regularization (controlled by parameter 
λ) using a pairwise interaction model (k = 2) and the extended Bayesian information criterion (γ = 0)36. The 
strength of each association was represented by the thickness of the edges, with thicker edges signifying stronger 
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associations39. To identify key nodes in the MGM network, we calculated betweenness centrality, which indicated 
the proportion of shortest paths passing through a given node, highlighting its importance in the network40. 
Additionally, “node predictability values” (displayed as pie charts41) provided insight into how well a node’s 
value can be predicted by the other connected nodes, comparable to R2 in regression analysis36,41,42. The MGM 
network was generated using the R package mgm43 and visualized through the Fruchterman-Reingold algorithm 
in the qgraph package39.

Results
Sociodemographic and clinical features in patients with/without curability belief
Of the 393 eligible patients with advanced cancer, 382 participated in this study. Eight patients were excluded 
due to health conditions (e.g., feeling unwell) or inconvenience of the study, and three were excluded due 
to ECOG-PS grade 5 (death). Table 1 presents the demographics, socioeconomic status, and physical and 
psychological clinical features of patients with and without curability belief. Compared to those without 
curability beliefs (N = 239), patients with curability beliefs (N = 143) were more likely to have better physical 
performance (indicated by a ECOG-PS grade of 0–2), exhibit fewer cancer-related symptoms (as shown by 
EORTC QLQ-C15-PAL sub-scores), receive either standard chemotherapy or advanced anti-cancer treatments 
(e.g., immunotherapy or participation in clinical trials), report no or mild depressive symptoms (defined as 
PHQ-9 total score < 10), and perceive their life expectancy as similar to that of a healthy person of the same age 
or more than a few years (all P < 0.001). Moreover, patients with curability belief had a higher 1-year survival rate 
(99/143; 69.2%) than those without curability belief (119/239; 49.8%) (P = 0.01). End-of-life care location (place 

Variable Category
Crude HR
(95% CI) P-value

Age (years)
 < 65 1

0.38
 ≥ 65 0.87 (0.63–1.19)

Sex
Female 1

0.047
Male 1.38 (1.00–1.91)

Monthly income (USD)
 ≥ 3,000 1

0.91
 < 3,000 1.02 (0.72–1.45)

Educational achievement
 ≥ High school 1

0.73
 < High school 1.06 (0.77–1.46)

Place of residence
Metropolitan area 1

0.004
Rural/Suburban 1.60 (1.16–2.22)

Marital status
Married 1

1
Unmarried 1.00 (0.69–1.45)

Religious practice
Yes 1

0.13
No 0.78 (0.57–1.08)

Primary tumor site
Breast/lung/hematologic 1

 < 0.0001*
Stomach/colon/liver/biliary-pancreatic 2.31 (1.67–3.20)

Number of metastatic sites
 < 3 1

0.20
 ≥ 3 1.55 (0.79–3.04)

Cancer treatment
Standard chemotherapy ongoing 1

 < 0.0001*Standard chemotherapy suspended/advanced cancer treatment (including immunotherapy and clinical trials)/all 
anti-cancer treatment stopped 3.03 (2.03–4.50)

Performance status 
(ECOG-PS)

0 (Fully active and can carry out all pre-disease activities without restriction)/1 (Restricted in physically strenuous 
activities, but remains ambulatory and able to carry out work of a light or sedentary nature)/2 (ambulatory and 
capable of all self-care, but unable to carry out any work activities; “up and about” > 50% of waking hours)

1
 < 0.0001*

3 (capable of only limited self-care; confined to bed or chair > 50% of waking hours)/4 (completely disabled; cannot 
carry out any self-care; totally confined to bed or chair) 3.03 (2.21–4.15)

Symptom burden (EORTC 
QLQ-C15-PAL)

Fatigue (≥ 33.3 compared to < 33.3; median) 1.94 (1.41–2.67) 0.0003*

Appetite loss (≥ 33.3 compared to < 33.3; median) 2.01 (1.46–2.78) 0.0001*

Dyspnea (≥ 33.3 compared to < 33.3; median) 1.67 (1.22–2.27) 0.0014

Insomnia (≥ 33.3 compared to < 33.3; median) 1.54 (1.13–2.12) 0.0095

Pain (≥ 33.3 compared to < 33.3; median) 1.68 (1.23–2.29) 0.0011

Depression (PHQ-9 total 
score)

No (0–4)/mild (5–9) 1
 < 0.0001*

Moderate (10–14)/moderately severe (15–19)/severe (20–27) 2.51 (1.83–3.43)

Table 2. Univariate Cox regression analyses: 1-year survival, sociodemographic factors, and clinical 
characteristics at baseline. *P < 0.001. HR, hazard ratio; CI, confidence interval; GI, gastrointestinal; ECOG-PS, 
Eastern Cooperative Oncology Group performance status; EORTC QLQ-C15-PAL, European Organization for 
Research and Treatment of Cancer Quality of Life Questionnaire Core 15 Palliative scores; USD, United States 
dollar; PHQ-9, Patient Health Questionnaire-9.
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of death) in patients who did not survive the 1-year follow-up (N = 161) also differed: patients with curability 
belief more often were located in nursing hospitals or at home, whereas those without curability belief were more 
frequently located in hospices or tertiary/secondary hospitals (P = 0.036). Conversely, educational achievement, 
monthly household income, marital status, religion, primary tumor site, and number of metastatic sites were 
similar between these two subgroups (all P > 0.05).

Univariate Cox regression: sociodemographic and clinical features and 1-year survival
In the univariate Cox regression survival model for patients with stage IV advanced cancer (Table 2), a higher 
risk of not surviving the 1-year follow-up was associated with reduced performance status or inability to perform 
self-care [ECOG-PS grade 3–4; unadjusted hazard ratio (HR) = 3.03], anti-cancer treatment status of suspended 
standard chemotherapy, ongoing advanced anti-cancer treatment, or cessation of all anti-cancer treatments 
(HR = 3.03), comorbid depression (PHQ-9 total score ≥ 10; HR = 2.51), primary tumor site in the stomach, colon, 
liver, or pancreatobiliary tract (HR = 2.31), and higher cancer-related symptom burden [EORTC QLQ-C15-PAL 
sub-scores; appetite loss (HR = 2.01) and fatigue (HR = 1.94)] (all P < 0.001). Consequently, performance status, 
types of anti-cancer treatment, primary tumor site, symptom burdens of fatigue and appetite loss, as well as male 
sex (HR = 1.38; P = 0.047) and residential area in rural/suburban regions (HR = 1.60; P = 0.004), were included 
as covariates in the multivariate Cox proportional hazards regression model for 1-year survival (Fig. 1).

Multivariate Cox regression: interactions among curability belief, depression, and 1-year 
survival
A multivariate Cox proportional hazards regression model (Fig. 1) was used to evaluate the adjusted hazard ratio 
(aHR) of curability belief, depression, and their interaction for not surviving to the 1-year follow-up in patients 
with stage IV advanced cancer. The model was adjusted for significant sociodemographic and physical health 

Fig. 1. Interaction between curability beliefs and depression in survival probability. Upper panel shows 
survival probability plotted using Kaplan–Meier estimation. Lower panel displays the adjusted hazard ratio 
of not surviving 1 year, calculated through multivariate Cox proportional hazards regression. The model is 
adjusted for sex, place of residence, primary tumor site, performance status (ECOG-PS), cancer treatment 
type, and symptom burdens (EORTC QLQ-C15-PAL) of fatigue and appetite loss in patients diagnosed with 
advanced cancer. CI, confidence interval; ECOG-PS, Eastern Cooperative Oncology Group-Performance 
Status; HR, hazard ratio; PHQ-9, Patient Health Questionnaire-9.
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factors identified in the univariate Cox regression models (Table 2). After adjusting for sex, place of residence, 
primary tumor site, performance status, cancer treatment type, and symptom burdens of fatigue and appetite 
loss, curability beliefs (P = 0.003), depression (P = 0.003), and their interaction (P = 0.040) showed statistically 
significant associations with 1-year survival in advanced cancer patients. Post hoc multivariate Cox proportional 
hazards regression analysis (Table within Fig.  1) demonstrated that: (1) in the subgroup without depression 
(N = 216), patients without curability belief had a 120% higher risk of not surviving to the 1-year follow-up 
[aHR (95% confidence interval (CI)) = 2.20 (1.31–3.70)] than those with curability belief; (2) in the subgroup 
with depression (PHQ-9 total score ≥ 10; N = 162), the risk of not surviving to the 1-year follow-up was similar 
between patients with and without curability belief [aHR (95% CI) = 1.01 (0.59–1.72)].

MGM
The MGM was used to estimate the regularized partial correlations among 1-year survival, curability belief, 
patient’s life expectancy, depression, primary tumor site, anti-cancer treatment type, performance status, 
and symptom burdens in advanced cancer patients. This model allowed for the identification of conditional 
dependencies, highlighting the relationships between variables in the network (Fig. 2).The node predictability 
values, indicating how well each node’s value could be inferred from its connected nodes, were 0.68, 0.50, 
and 0.70 for curability belief, depression, and 1-year survival, respectively. Curability Belief was associated 

Fig. 2. Mixed graphical model. Conditional joint probability distributions or regularized partial correlations 
of 1-year survival (Y/N), curability belief (“will be cured” or “may be cured if treatment is successful”: 
Y/N), patient’s perceived life expectancy (≥ years/ ≤ months), depression (PHQ-9; Y/N), cancer diagnosis 
(gastrointestinal-hepato-biliary-pancreatic/others), cancer treatment status [ongoing advanced anti-cancer 
therapy (Y/N), discontinued anti-cancer therapy (Y/N)], performance status (ECOG-PS; 0/1/2/3/4), and 
symptom burdens of fatigue and appetite loss (EORTC QLQ-C15-PAL) in patients with advanced cancer.
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with depression (r = 0.30), patient’s perceived life expectancy (r = 0.20), and performance status (r = 0.07). 
Depression was associated with symptom burdens of fatigue (r = 0.53) and anorexia (r = 0.16), curability 
belief, patient’s life expectancy (r = 0.24), performance status (r = 0.23), and 1-year survival (r = 0.07). One-
year survival was associated with suspended or stopped anti-cancer treatment (r = 0.45), primary tumor site 
(r = 0.24), performance status (r = 0.15), and depression (r = 0.07). Performance status, depression, and stopped 
anti-cancer treatment emerged as the three nodes with the highest betweenness centrality, frequently forming 
shortcuts between different nodes and connecting curability belief with 1-year survival. These central nodes 
facilitated indirect pathways between variables, highlighting their role as intermediaries within the network 
(Fig. 2A, leftward graph).

Discussion
Curability belief lowers the risk of 1-year mortality by 45.5% in the absence of depression
The current study demonstrated that curability belief (“my cancer will be cured” or “may be cured if treatment 
is successful”) at baseline lowered the risk of 1-year mortality by 45.5% after adjustments for performance 
status, cancer-related fatigue and appetite loss, type of cancer treatment, primary tumor site, residential area, 
and sex, compared to those without curability belief (Fig.  1). Our results were in agreement with those of 
previous studies, which demonstrated positive effects of curability beliefs or hope on the survival of advanced 
cancer patients14,44. Prognostic awareness is important for the estimation of one’s life expectancy and making 
decisions regarding further cancer treatment45. Moreover, patient beliefs about outcomes affect their behavior, 
including health-related behavior and treatment adherence18–20. The current findings also support the results 
of other studies, which showed that comorbid depression is associated with significantly lower survival in 
patients with advanced cancer46. Alleviation of depressive symptoms through palliative care47 and manual-based 
psychotherapeutic intervention48 may reduce the negative impact of comorbid depression on survival in these 
patients. Intriguingly, a recent phase II trial demonstrated that intranasal racemic ketamine, administered three 
times over a 1-week period, reduced depressive symptoms by ≥ 50% in 70% of patients with advanced cancer and 
comorbid depression (n = 20)49. Therefore, clinicians should screen for depressive symptoms in patients with 
advanced cancer by asking, “How often have you experienced diminished interest or pleasure in doing things or 
felt down, depressed, or hopeless over the past 2 weeks?” or by using self-administered questionnaires. Patients 
who develop comorbid depressive symptoms should be provided with psychiatric consultation to ensure timely 
care for depressive symptoms and related functional impairment in daily life. Once the comorbid depressive 
symptoms improve, motivational interviewing or discussions between patients and clinicians can be used to 
cultivate meaning in life, regardless of its remaining duration, based on curability beliefs and values in life, 
among other factors.

Healthcare utilization and end-of-life metrics varied with curability belief
In this study, patients with stage IV advanced cancer who exhibited curability belief were more likely to undergo 
either standard chemotherapy or advanced anti-cancer therapy at baseline, whereas those without curability 
belief were more likely to have either suspended or stopped anti-cancer therapy (P < 0.001; Table 1). Although 
some studies have reported no association between curability belief and the preference for chemotherapy50, 
others have found a relationship between curability belief and a willingness to compromise quality of life to 
improve survival through chemotherapy51. The present study demonstrated regularized partial correlations of 
curability belief with depression and patients’ perceived life expectancy using MGM (Fig. 2), suggesting that 
depressive symptoms could lead to feelings of helplessness and hopelessness in advanced cancer patients52. End-
of-life care location (i.e., place of death) among patients who did not survive to the 1-year follow-up (N = 161) 
varied; those with a curability belief more often were located in nursing hospitals or at home, whereas those 
without curability belief more often were located in hospices or tertiary/secondary hospitals (P = 0.036; Table 1). 
On the one hand, our findings align with previous studies showing a preference among advanced cancer patients 
without curability belief for hospice enrollment50. On the other hand, this finding suggests greater physical and 
emotional distress and worse quality of life among these patients53.

Associations of performance status with depression and anti-cancer treatment status 
mediate the relationship between curability belief and 1-year survival in patients without 
depression
Upon further exploration of the relationship between curability belief and 1-year survival in patients with stage 
IV advanced cancer using MGM, we demonstrated that regularized partial correlations of performance status 
with depression and discontinued anti-cancer treatment may mediate the association between curability belief 
and 1-year survival (Fig. 2). Importantly, physical functioning in daily life, as determined by the ECOG-PS, is a 
reliable predictor of survival in advanced cancer patients54,55. Even prior to receiving a cancer diagnosis, limited 
physical performance may be correlated with heightened depressive symptoms in cancer patients56. In addition, 
patients with cancer and limited physical function have a higher rate of emergency department visits and higher 
costs of inpatient care57.

Immunotherapy, alone or in combination with chemotherapy, can improve overall survival in patients 
with advanced-stage solid cancers58. However, patients with advanced cancer and poor performance status 
(ECOG-PS grade 3–4) may not benefit from palliative chemotherapy in terms of survival extension59. Physical 
activity programs tailored according to physical ability and cancer type can improve physical function60. For 
instance, coaching programs utilizing wearable devices for tracking physical activity and motivational interviews 
combined with a multidisciplinary approach enhance the physical functioning of cancer patients61. In summary, 
measures to improve physical functioning in daily life are a crucial component in the care of advanced cancer 
patients.
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Limitations
This study had some limitations. First, it did not encompass all components of prognostication, such as prognostic 
predictions, disclosures, awareness, and patient acceptance of outcomes62. Second, we did not evaluate potential 
changes in prognostic awareness or curability beliefs. However, previous studies have demonstrated consistency 
in prognostic awareness among cancer patients over the course of the illness2,3. Third, comorbid depressive 
symptoms were evaluated using the self-administered PHQ-9, although the comorbid depression subgroup 
underwent additional clinical assessment by a psychiatrist for confirming the presence of depression.

Conclusions
To the best of our knowledge, this was the first study to examine the potential interactions of curability belief, 
comorbid depression, and 1-year survival in patients with stage IV advanced cancer who had an oncologist-
estimated survival of > 6 months. Advanced cancer patients should be screened for depressive symptoms in the 
outpatient or inpatient setting. For patients exhibiting depressive symptoms, timely psychiatric consultation 
is required. Once comorbid depressive symptoms improve, motivational interviews or discussions between 
patients and clinicians can cultivate meaning in life, regardless of its remaining duration, based on curability 
beliefs and values in life, among other factors. Additionally, physical functioning in daily life should be improved 
to enable self-care. Further longitudinal trajectory modeling of depression, performance status, and healthcare 
utilization, with covariates of primary tumor site and curability belief, is warranted.

Data availability
Data and analytical methods used in this study are available from the corresponding author, Prof. Young Ho Yun 
(lawyun08@gmail.com), upon reasonable request.
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