
INTRODUCTION

1. Background

In South Korea, cancer survival rates have steadily increased 

as hospice palliative care (HPC) programs started to be sys-

tematized after the enactment of cancer management policy 

in 2003. The number of HPC specialty institutions expanded 

to 86 institutions with 1,405 beds as of 2020. Various pro-

grams have aimed to improve terminal patients’ quality of life 

[1]. Laws have been implemented to facilitate the provision of 

HPC, including the expansion of service recipients to patients 

with cancer, chronic obstructive pulmonary disease, AIDS, and 

chronic cirrhosis with the enactment of the Act on Hospice 

and Palliative Care and Decisions on Life-Sustaining Treat-

ment for Patients at the End of Life (hereinafter referred to as 

the Act on Decisions on Life-Sustaining Treatment) on August 

4, 2017 [2].

Even after the enactment of Act on Decisions on Life-

Sustaining Treatment in February 2018, important issues have 

remained in the clinical field (e.g., patients’ self-determination) 

that create difficulties in HPC decision-making in the clinical 
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field. Since the enactment of this law, limitations have included 

insufficient access to HPC services, a lack of infrastructure for 

decisions regarding the suspension of life-sustaining treatment, 

unavailability of information about the end of life, and lack 

of awareness [3]. Moreover, it is difficult to establish patients’ 

desires regarding the suspension of life-sustaining treatment, 

and it is likely that decisions are made based on specula-

tions about patients’ wishes. Patients’ autonomy might be 

overlooked due to caregiver-related economic and emotional 

factors, including the lack of a sociocultural atmosphere that 

allows discussions about patients’ impending death and the 

absence of governmental support for hospital fees or public 

nursing services [4].

In South Korean society, patients’ family members and at-

tending physicians—rather than patients themselves—consult 

to decide on the suspension of life-sustaining treatment. Rea-

sons for this include the sociocultural environment of South 

Korea, in which discussions about death during patients’ sick-

ness are taboo, and aspects of the current clinical environment, 

wherein it is easier to reach consensus with family members 

than to obtain decisions from patients [5-7]. According to the 

medical ethics guideline of the Korean Academy of Medical 

Sciences, given clinical circumstances wherein referrals to HPC 

are made after a decision is made to suspend life-sustaining 

treatment, the timing of the decision to suspend life-sustaining 

treatment is important to ensure the provision of adequate 

HPC; however, this process is not always straightforward 

to follow in practice [8-12]. Therefore, easier-to-use clini-

cal prediction pathways that guide decision-making for HPC 

would be essential for clinical practice.

A strength of data mining is that it does not require particular 

statistical assumptions, unlike regression analyses or structural 

equations, and it provides the foundation for the development 

of detailed and accurate categorization of the target popula-

tion as well as prediction and policy [13]. Decision tree model 

analysis, which is the type of data mining method used in this 

study, considers the effect of interactions that can occur among 

variables and produces a prediction model that best explains 

the dependent variables from large datasets. Therefore, it is 

useful both for the exploration of decision-making factors 

and also for the derivation of risk groups or prediction mod-

els, making it effective for the analysis of public health-related 

data [13]. It also takes the rules of creating groups based on 

theoretical insights from previous studies and practice guide-

lines and turns them into a tree structure, producing a work-

flow that is easy to understand and effective for categorization 

and prediction [14].

This study was conducted to provide preliminary data to as-

sist in the suspension of meaningless life-sustaining treatment 

and promote timely decisions to use HPC in clinical practice 

by understanding the impact of related factors through a deci-

sion tree model analysis of HPC use by terminal cancer pa-

tients according to their characteristics.

2. Purpose

This study aimed to understand HPC use by terminal cancer 

patients according to their treatment or palliative care-related 

characteristics in order to facilitate timely decisions to use HPC 

so that patients can prepare for a meaningful death. The spe-

cific goals were as follows:

1) To understand the sociodemographic factors, disease-

related factors, and types of life-sustaining treatment and pal-

liative care services of terminal cancer patients.

2) To explore differences in HPC use according to terminal 

cancer patients’ sociodemographic factors, disease-related 

factors, and types of life-sustaining treatment and palliative 

care services.

3) To understand the predictive factors of HPC use by termi-

nal cancer patients.

METHODS
1. Study design

This retrospective study aimed to understand HPC use ac-

cording to the treatment or palliative care-related character-

istics of terminal cancer patients through a decision tree model 

analysis. Based on previous studies and clinical guidelines re-

garding life-sustaining treatment [2-6,8-10,12], patients’ so-

ciodemographic, disease-related, and life-sustaining treatment 

and palliative care service-related characteristics were selected 

as predictors of terminal cancer patients’ decision-making 

regarding the use of HPC. The conceptual framework of this 

study is demonstrated in Figure 1.
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2. Participants

The participants were terminal cancer patients who were 

hospitalized between January 1, 2019 and March 31, 2021 at 

a cancer specialty hospital located in Seoul, South Korea. The 

medical records of 394 patients who decided to suspend life-

sustaining treatment and completed physician orders for life-

sustaining treatment (POLST) were used. Data from patients 

younger than 20 years of age and incomplete data were ex-

cluded.

The minimum number of samples required for a categoriza-

tion model using data mining is 6×the number of categories in 

the outcome variable (2)×the number of variables (11) [13], 

which yielded a value of at least 132. The medical records of 

406 patients were collected, but data from 12 patients were 

excluded according to the above-described criteria. Data from 

394 patients were used in the final analysis, exceeding the 

minimum required sample size for decision tree model analysis.

3. Study tools

A decision tree model is a tree structure composed of com-

ponents referred to as nodes [14]. The aim of research using 

this framework is to identify appropriate branching from the 

root nodes, as described below. The target variable (dependent 

variable, root node) used in this study was the use of HPC, 

and the independent variables were general characteristics, 

including participants’ sex, age, education, religion, marital 

status, and illness insight, along with the use of a central ve-

nous catheter, oxygenation, total parenteral nutrition (TPN), 

pain control, and sedation. These predictor variables were se-

lected based on previous studies [4,15-17] to construct a tree 

structure that would enable identification of the patients who 

utilized HPC. To test the validity of the tree structure, the team 

lead of the HPC department, two specialty nurses, one nurs-

ing school professor, and one business school professor who 

specializes in data mining methods were consulted, and the se-

lected study tool went through revisions and updates accord-

ingly.

4. Data collection

Data for analysis was extracted from the electronic medi-

cal record (EMR) system with cooperation from the medical 

records team. Demographic information, such as age and sex, 

and hospitalization-related information, such as diagnosis, 

pain, respiratory symptoms, alertness, and TPN treatment 

through a central venous catheter collected from nursing re-

cords, drug administration records, and doctors’ orders.

5. Data analysis

The collected data were analyzed using SPSS version 25.0 

(IBM Corp., Armonk, NY, USA).

1) Descriptive statistics (number, percentage, average, and 

standard deviation) of each measured variable were calculated. 

Differences in HPC use by sociodemographic characteristics, 

disease characteristics, and type of life-sustaining treatment 

and palliative care services were examined using cross-tabs 

(i.e., with the chi-square test).

2) To identify HPC use groups among terminal cancer pa-

tients, decision tree model analysis was used. The analysis 

algorithm used chi-square automatic interaction detection to 

split the decision tree model nodes for HPC use, which was a 

binary dependent variable [14]. The threshold for splitting and 

merging of independent variables was 0.05. Fourteen variables 

were used as predictors of hospice use: five sociodemographic 

factors (sex, age, education, religion, and cohabitation), four 

disease-related factors (illness insight, POLST writing time 

after diagnosis, period to death after writing POLST, and pe-

riod to death after diagnosis), and five factors related to life-

sustaining treatment and palliative care service (central venous 

catheter, oxygenation, pain control, TPN, and sedation).

The validity of this study was evaluated by segmenting the 

observed data [14] into training data and test data at a 50:50 

ratio. When the training data and test data were compared, 

Demographic factors

Disease-related factors

Life-sustaining
treatment-related factors

Palliative care-related factors

Hospice

palliative care use

Figure 1. Conceptual framework.
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the risk estimate in the training data was 0.293 (standard error 

0.032) and that in the test data was 0.342 (0.034). This result 

shows that it is possible to generalize the model of predictive 

factors for HPC use. The decision tree model analysis was thus 

conducted with the total data and not the segmented (training 

and test) data. The maximum depth of the tree was selected at 

3, which is the default value, the minimum number of parent 

nodes was 50, and the minimum number of child nodes was 

30. The threshold for splitting was determined using the chi-

square statistic, and the threshold for statistical significance 

was 5%.

3) A logistic regression model refers to non-linear regression 

analysis with quantitative variables as independent variables 

and a binary variable (0, 1) as a dependent variable. In order 

to analyze the effect of the independent variables, rather than 

predicting the cases when the event happened (1) or did not 

happen (0), it predicts the probability of the event occurring 

[18]. Therefore, this method was used to compare the good-

ness of fit of decision tree models. Variables that were statisti-

cally significant among sociodemographic characteristics and 

five types of life-sustaining treatment and palliative care ser-

vices were included in the logistic regression analysis. The cut-

off for multicollinearity was a variance inflation factor ＜10, 

and all the variables satisfied this criterion. Model goodness of 

fit was evaluated using the Hosmer-Lemeshow test, with a P-

value ＞0.05.

6. Ethical considerations

This study was conducted after receiving approval (2020-

12-005) from the Korea Institute of Radiological and Medi-

cal Sciences Institutional Review Board (IRB). According to 

the approval conditions from the IRB, medical records were 

analyzed retrospectively with data from patients whose EMR 

could be accessed, with the exclusion of currently hospitalized 

patients. To prevent violations of patient privacy, precautions 

regarding the security of private information were taken, and 

data were anonymized to make patients impossible to identify.

RESULTS

1.  Sociodemographic characteristics,  

disease-related characteristics, and types of life-

sustaining treatment of study participants

The participants’ characteristics were as follows (Table 1): 

207 were male (52.5%) and 187 were female (47.5%), 185 

were under the age of 70 (47%) and 209 were 70 or older 

(53%), 204 (51.8%) had an education level of high school 

graduation or higher, 228 (57.9%) had a religious affiliation, 

334 (84.8%) were living with others, 330 (83.8%) had insight 

into their illness, 363 (92.1%) had a central venous catheter 

inserted, 332 (84.3%) were oxygenated, 301 (76.4%) received 

pain control, and 281 (71.3%) received TPN treatment, and 

307 (77.9%) were sedated.

2. Differences in HPC use according to participants’ 

characteristics

Significant differences in HPC use were found according to 

cohabitation (P＜0.001), central venous catheter (P＜0.001), 

pain control (P＜0.001), TPN treatment (P＜0.001), and seda-

tion (P＜0.004) (Table 2).

3. HPC use groups of terminal cancer patients  

defined by the decision tree model

The decision tree model analysis included the total sample 

since the segmented samples did not demonstrate significant 

differences. The risk estimate was 0.272 (standard error 0.022). 

The model’s prediction accuracy for HPC use was 72.8%. The 

following factors could be used to identify the group of ter-

minal cancer patients with high HPC use: cohabitation, pain 

control, and period to death after writing POLST (Figure 2). 

The group with the highest predicted value for HPC use had 

cohabitants, was treated for pain, and comprised terminal 

cancer patients whose death occurred more than 2 months 

after they wrote POLST. In this group, the probability of HPC 

use was 87.5%. The group with the second-highest predicted 

value for HPC use had cohabitants and was treated for pain; 

64.8% of this group opted to use HPC. Lastly, 55.1% of pa-

tients with cohabitants used HPC, which greatly exceeded the 

1.7% proportion of patients without cohabitants.
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4. Logistic regression analysis of the HPC use (test 

of model fit)

Logistic regression analysis was conducted to test the good-

ness of fit of the model identified using the decision tree model 

analysis. HPC use was 71.83 times (95% CI=9.35~552.10) 

higher among patients with cohabitants than among those 

with no cohabitants. Patients who received pain control were 

Table 1. Characteristics of Study Participants (N=394).

Characteristics Categories n (%) M±SD

Demographic

   Sex Male 207 (52.5)

Female 187 (47.5)

   Age (yr) ＜70 185 (47.0) 69.90±11.33

≥70 209 (53.0)

   Education level ≤High school 190 (48.2)

＞University 204 (51.8)

   Religious affiliation Yes 228 (57.9)

No 166 (42.1)

   Living together Yes 334 (84.8)

No 60 (15.2)

Disease-related

   Cancer type Lung 84 (21.3)

Liver/bile duct 58 (14.7)

Pancreas 51 (12.9)

Colon 42 (10.7)

Stomach 36 (9.1)

Breast 12 (3.0)

Hematological cancer 12 (3.0)

Other solid 99 (25.1)

   Recognition of one’s illness Yes 330 (83.8)

No 64 (16.2)

   POLST writing time after diagnosis (mo) ＜30 262 (66.5) 30.42±43.28

≥30 115 (29.2)

   Period to death after writing POLST (mo) ＜2 318 (80.7) 1.31±0.97

≥2 60 (15.2)

   Period to death after diagnosis (mo) ＜30 269 (68.3) 32.43±47.46

≥30 124 (31.5)

   HPC use Yes 185 (47.0)

No 209 (53.0)

Life-sustaining treatment-related

   Central venous catheter Yes 363 (92.1)

No 31 (7.9)

   TPN Yes 281 (71.3)

No 113 (28.7)

Palliative care-related

   Oxygenation Yes 332 (84.3)

No 62 (15.7)

   Pain control Yes 301 (76.4)

No 93 (23.6)

   Sedation Yes 307 (77.9)

No 87 (22.1)

POLST: physician orders for life-sustaining treatment, HPC: hospice and palliative care, TPN: total parenteral nutrition.
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8.60 times (95% CI=3.96~18.63) more likely to use HPC than 

those who did not. Patients who received TPN treatment were 

1.92 times (95% CI=1.06~3.47) more likely to use HPC than 

those who did not receive TPN treatment. Oxygenated patients 

were less likely to utilize HPC (OR=0.32; 95% CI=0.15~0.70) 

than those who were not oxygenated. Patients whose death 

occurred less than 2 months after writing POLST were less 

likely to utilize HPC (OR=0.20; 95% CI=0.87~0.47) than 

those whose death occurred more than 2 months after writ-

ing POLST (Table 3). Based on the above results, the predictor 

variables identified in the decision tree model were also shown 

to be significant in the logistic regression analysis.

DISCUSSION

This study explored the sociodemographic characteristics, 

disease-related characteristics, and types of life-sustaining 

treatment and palliative care services received by terminal can-

cer patients, with the goal of predicting the effect of these fac-

tors on HPC use, and identifying preliminary data to increase 

the quality of life of terminal cancer patients by assisting in the 

timely use of HPC after writing POLST.

According to the study results, cohabitation had the greatest 

impact on HPC use. The probability of HPC use of terminal 

cancer patients with cohabitants was 55.1%, which was sig-

nificantly greater than the proportion (1.73%) among terminal 

cancer patients without cohabitants. Meanwhile, 96 (24.4%) 

Table 2. Differences in the Use of Hospice Palliative Care according to Participants’ Characteristics (N=394).

Characteristics Categories
Yes (n=185) No (n=209)

χ2 P
n (%) n (%)

Sex Male 103 (26.1) 104 (26.4) 1.38 0.241

Female 82 (20.8) 105 (26.6)

Age (yr) ＜70 89 (22.6) 96 (24.4) 0.19 0.666

≥70 96 (24.4) 113 (28.7)

Education level ≤High school 91 (23.1) 99 (25.1) 0.13 0.718

＞University 94 (23.9) 110 (27.9)

Religious affiliation Yes 108 (27.4) 120 (30.5) 0.04 0.847

No 77 (19.5) 89 (22.6)

Living together Yes 184 (46.7) 150 (38.1) 58.28 ＜0.001

No 1 (0.3) 59 (15.0)

Recognition of one’s illness Yes 157 (39.8) 173 (43.9) 0.32 0.575

No 28 (7.1) 36 (9.1)

POLST writing time after diagnosis (mo) ＜30 122 (32.4) 140 (37.1) 1.73 0.189

≥30 62 (16.4) 53 (14.1)

Period to death after writing POLST (mo) ＜2 138 (36.5) 180 (47.6) 22.37 ＜0.001

≥2 46 (12.2) 14 (3.7)

Period to death after diagnosis (mo) ＜30 120 (30.5) 149 (37.9) 2.08 0.149

≥30 65 (16.5) 59 (15.0)

Central venous catheter Yes 185 (47.0) 178 (45.2) 29.78 ＜0.001

No 0 (0.0) 31 (7.9)

Oxygenation Yes 146 (37.1) 186 (47.2) 7.51 ＜0.006

No 39 (9.9) 23 (5.8)

Pain control Yes 172 (43.7) 129 (32.7) 53.15 ＜0.001

No 13 (3.3) 80 (20.3)

TPN Yes 152 (38.6) 129 (32.7) 20.04 ＜0.001

No 33 (8.4) 80 (20.3)

Sedation Yes 156 (39.6) 151 (38.6) 8.32 ＜0.004

No 29 (7.4) 58 (14.7)

POLST: physician orders for life-sustaining treatment, TPN: total parenteral nutrition.
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Figure 2. Predictive factors for the use of hos-
pice and palliative care: Decision tree model.
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Table 3. Predictive Factors for the Use of Hospice Palliative Care (N=394).

Variables B SE Wald Odds ratio 95% CI

Constant 24.74 7083.08 - - -

Living together (yes) 4.27 1.04 16.87 71.83* 9.35~552.10

Period to death after writing POLST (＜2 mo) -1.62 0.42 14.53 0.20* 0.87~0.47

Central venous catheter (yes) 20.84 7083.08 0.01 1126068778 0.00

Oxygenation (yes) -1.14 0.40 8.21 0.32* 0.15~0.70

Pain control (yes) 2.15 0.40 29.67 8.60* 3.96~18.63

TPN (yes) 0.65 0.30 4.63 1.92* 1.06~3.47

Sedation (yes) 0.14 0.34 0.16 1.14 0.58~2.22

Model fit χ2 171.07 (P＜0.001)

Hosmer & Lemeshow χ2 4.48 (P=0.612)

POLST: physician orders for life-sustaining treatment, TPN: total parenteral nutrition.
*P＜0.05.
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HPC users were aged 70 or older, which exceeded the propor-

tion of those who were under the age of 70 (n=89, 22.6%). 

The preference for use of professional HPC was higher when 

patients were older. Age was not a significant predictor of 

HPC use in this study, but a repeated study with a larger 

sample size is necessary to explore the interactions between the 

presence of cohabitants and age and to hypothesize predictor 

variables using the decision tree model.

The second group of HPC users had cohabitants and received 

treatment for pain control. In this group of patients, 64.8% 

utilized HPC. Two earlier studies of terminal cancer patients 

[19,20] found that patients had the greatest need to control 

physical symptoms, including pain, followed by their need for 

emotional support nursing; those findings align with the results 

of this study. In the study by Nam [21], emotional needs had 

the highest score (4.45) among the sub-areas of HPC needs. 

Since the participants in that study had a high ability to carry 

out their daily routine, it is possible that HPC needs might dif-

fer according to disease severity. Future studies should conduct 

comparative analyses of differences in patients’ care needs ac-

cording to the stage of cancer progression.

The third relevant factor was the time from completion of 

POLST to death. The probability of HPC use was 87.5% in 

terminal cancer patients who had cohabitants, who received 

pain control, and whose death occurred more than 2 months 

after writing POLST. In the study by Son and Park [20], the 

level of HPC needs was highest when the time since cancer 

diagnosis was less than 1~3 years, and the lowest level of 

needs was found when the time since diagnosis was more than 

3 years, demonstrating that the hospice care needs of cancer 

patients were significantly different according to the time since 

diagnosis. In Yeom’s study [22], 13,136 (61.3%) patients out 

of the total 21,329 studied started using hospice care within 1 

year of their diagnosis. It was also reported that the survival 

time from when patients first started using hospice care was 

less than 3 months in 94.5% of patients. Compared to this 

study’s finding that the probability of HPC use was high-

est when death occurred more than 2 months after writing 

POLST, it can be inferred that patients at the end of life and 

advanced cancer patients whose quality of life can depend on 

symptom management may wish to use HPC at different time 

points. Further research regarding the timing of use is neces-

sary.

Meanwhile, HPC was utilized by fewer than half of the pa-

tients who wrote POLST (n=185, 47.0%), and overall, 209 

(53.0%) patients did not utilize hospice and palliative care. 

This result suggests that the completion of POLST does not 

necessarily lead to the use of HPC [23,24]. The number of 

designated HPC institutions has increased to 87 throughout 

Korea, and the yearly average rate of service use increased 

from 7.3% in 2008 to 12.7% in 2013 and 22.9% in 2018 [1]. 

However, to increase HPC use, large-scale education and 

publicity efforts by the government are necessary. Furthermore, 

consensus among family members is also an important factor 

for promoting the use of HPC due to the sociocultural charac-

teristics of South Korea. Generally, in clinical practice in South 

Korea, terminal status is first notified to family members, who 

decide whether they will inform the patient [12,15,25,26].

The above-mentioned reasons contribute to the continuation 

of life-sustaining treatment that the patient does not wish to 

receive. Therefore, the decision-making process for suspension 

of treatment in terminal patients should become an interactive 

decision-making process through logical discussions among 

medical staff, patient, and family members rather than a one-

sided notification [4,7,27,28]. To maintain quality of life as 

long as the patient is alive, the transition to HPC at the right 

moment should be made more effective and easier. Therefore, 

medical staff should have a detailed guideline for decision-

making that reflects patients’ treatment status in order for pa-

tients to receive HPC after writing POLST [29,30]. The results 

of this study furnish useful information to assist in the smooth 

transition to HPC use by making it easier to decide to suspend 

life-sustaining treatment based on POLST completion. These 

changes will result in the provision of care that helps terminal 

patients enjoy better quality of life for the rest of their lives and 

prepare for a comfortable death.

This was a retrospective study that used the medical records 

of terminal cancer patients who died at one cancer hospital. 

A limitation is that the analysis did not differentiate the level 

of oxygenation and TPN provided to patients. Future studies 

should expand the sample size in order to identify factors of 

HPC use more clearly.
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