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HIGHLIGHTS

e Examines place of death (POD) impact
factors of patients with liver cancer in
China.

o Used data from the National Mortality
Surveillance System from 2013 to 2020.

e Analysis demonstrated that 440,079
(72.29%) died at home and 158,291
(26.00%) died in hospitals.

o Hospital death is more likely for urban
Han female patients aged from 0 to 14
years.

e Also more likely for married, educated,
some professional, or retired patients.

e Home remained the preferred POD
among patients with liver cancer.
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GRAPHICAL ABSTRACT

Factors OR (95% CI)
Year (2013-2020) 101 (1.00-1.01)"
Location (reference: rural)
Urban . 149 (1.46-1.51)"
Sex (reference: male)
Female 1.03 (1.01-1.04)"
Age group, years (reference: 0-14)
15-64 fos 116 (1.00-1.34)"
65 and above 0.96 (0.83-1.11)
Ethnicity (Reference: Han)
Other ethnics - 0.75 0.73-0.77)*
Marital status (reference: married)
Unmarried . 122 (1.18-1.27)
Widowed/Divorced . 073(0.72-075)"
Unknown - 0.5 (0.50-0.60)"
Education (reference: junior high school and below)
‘Senior high school . 188 (1.84-1.02)°
College and above - 318 (3.07-3.20)"
Unknown . 419 (3.86-4.55)"
Occupation (reference: peasant)
Retired - 875 (8.57-8.94)"
UnemploymentStudent - 4.91(4.79-5.03)"
Workers/Self-employed/Enterprise manager - 5.94 (5.81-6.07)°
Professional/Staff(Civi servant —— 7.06 (6.68-7.47)"
Others - 5.54 (5.40-5.68)"
Region (reference: western)
Central - 137 (1.34-1.39)"
Eastern . 0.78(0.77-079)"
r T T
0 1 2 3 4 5 68 7 8 9 10

Associated factors of hospital liver cancer deaths in China, 2013-2020: Estimated from a logistic regression.
*P <0.05. Western: Inner Mongolia, Guangxi, Chongging, Sichuan, Guizhou, Yunnan, Xizang, Shaanxi, Gansu,
Qinghai, Ningxia, and Xinjiang; Central: Shanxi, Jilin, Heilongjiang, Anhui, Jiangxi, Henan, Hubei, and Hunan;
Eastern: Beijing, Tianjin, Hebei, Liaoning, Shanghai, Jiangsu, Zhejiang, Fujian, Shandong, Guangdong, and
Hainan. CI: Confidence interval; OR: Odds ratio.

ABSTRACT

Background: Despite the country's substantial liver cancer burden, there is limited research on the factors influ-
encing the place of death (POD) of patients with liver cancer in China. This study aimed to delineate POD dis-
tribution among patients with liver cancer, identify the factors associated with hospital deaths, and offer valuable
insights for the government to develop healthcare policies.

Methods: Data from 2013 to 2020 were obtained from the National Mortality Surveillance System (NMSS) of
China. This analysis focused on the distribution of POD among individuals who succumbed to liver cancer.
Variations in characteristic distributions across different categories were evaluated using a chi-squared test. We
also applied a multilevel logistic regression analysis to identify the factors associated with hospital liver cancer
deaths. The proportional change in variance was computed to evaluate the contributions of different factors in the
model.
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Results: From 2013 to 2020, the NMSS reported a total of 608,789 liver cancer-related deaths, of which 440,079
(72.29%) died at home, and 158,291 (26.00%) died in the hospital. Home remained the preferred POD among
patients with liver cancer. The results demonstrated that female patients, aged between 0 and 14 years, of Han
ethnicity, living in urban areas, unmarried, highly educated, and either employed in a professional, staff, or civil
servant capacity, or retired patients tended to end their lives in the hospital.

Conclusions: In China, home continues to be the predominant POD for patients with liver cancer, with de-
mographic and socioeconomic factors significantly influencing whether a hospital is their POD. Enhancing
healthcare policymakers' understanding of the factors influencing the place of death for patients with liver cancer
may assist in creating a more equitable distribution of healthcare resources and providing a variety of choices for
minorities with distinct preferences for end-of-life care.

Introduction

Primary liver cancer encompasses three distinct pathological types:
hepatocellular carcinoma, which constitutes 75-85% of cases; intra-
hepatic cholangiocarcinoma, accounting for 10-15%; and combined he-
patocellular cholangiocarcinoma, which differs significantly in
pathogenesis, biological behavior, histopathology, treatment methods,
and prognosis.'? According to Global Cancer Statistics 2020, liver cancer
is the sixth most commonly diagnosed cancer and the third leading cause
of cancer-related deaths.® The incidence of liver cancer has grown in the
past decade, with 905,677 new cases and 830,180 deaths in 2020. These
figures account for 4.7% of the 19.3 million new cases and 8.3% of the 10
million cancer-related deaths globally.® Moreover, the mortality rate was
higher in male patients compared to women and increased in older pa-
tients. More than half of the new global cases and fatalities of liver cancer
have been reported in China, primarily because of the high chronic
infection rates of hepatitis B and C viruses. From 1995 to 1999, China
experienced an increase in the mortality rate from liver cancer, which has
been on a downward trend since 2004.* However, despite the consistent
decrease in mortality rates, liver cancer continues to impose a substantial
health burden.

The question of who is more likely to die in a hospital or at home falls
within the scope of epidemiological research and has sociological
research value. Globally, place of death (POD) is considered a significant
indicator of the quality of care delivered in the final days or hours of life,
serving both as a reliable metric for evaluating end-of-life (EOL) care and
as an outcome measure for such care.>° Despite the notable preference
among many patients with end-stage disease or advanced cancer to die at
home, the majority ultimately die in hospital settings. Furthermore, the
provision of aggressive medical treatments has not been demonstrated to
enhance the quality of life, nor has it alleviated the grief experienced by
caregivers. Healthcare policymakers and researchers have increasingly
emphasized this essential quality indicator for EOL care, leading several
countries to implement policies that enhance the capacity for
home-based palliative care and align it with patient preferences.””®

Numerous studies have revealed that, especially in developed coun-
tries, the home might be the preferred place for patients in the terminal
phase of their illness.”!? A systematic review indicated that POD is
determined by the interplay of factors associated with illness, individual
characteristics, and the environmental context.'>'* China is the world's
most populous developing nation, with a rich mosaic of cultures and
ethnicities. It has also been associated with a substantial burden of liver
cancer in recent decades. This scenario offers a unique opportunity to
delve into the dynamics of POD and pinpoint the key factors shaping POD
trends across patients with liver cancer, leveraging data from China.

However, to the best of our knowledge, there have been limited in-
vestigations into the factors associated with POD or hospital fatalities in
patients with liver cancer. In this study, we aimed to map the distribution
of POD among individuals with liver cancer and explore the factors
contributing to deaths due to liver cancer in a hospital setting, thereby
offering reasonable explanations. Strengthening the understanding of the
factors influencing the place of death for liver cancer patients in China
may help healthcare policymakers develop accessible and sustainable

end-of-life care services for groups with different preferences for end-of-
life care.

Methods
Data sources

Liver cancer death data were obtained from the National Mortality
Surveillance System (NMSS) of the Chinese Center for Disease Control
and Prevention (CDC). The NMSS encompasses all death registrations in
China from 2013 to 2020, including information on the decedents’ res-
idential location and region, gender, age at death, ethnicity, marital
status, education, and occupation.

Mortality data extraction

The underlying cause of death in the NMSS was recorded using the
International Classification of Diseases 10th Revision (ICD-10). We
extracted all deaths between 2013 and 2020 with disease codes
C22.0-C22.9, indicating deaths attributed to liver cancer.

Variables

We classified POD into five categories: hospitals, homes, nursing
homes, on the way to hospital, and others or unknown. For explanatory
variables, we included residential location (for which we defined districts
as urban areas and counties as rural areas), residential region (which we
categorized into western, central, and eastern regions based on patients’
provinces), demographics (gender, age at death, ethnicity, and marital
status), and socioeconomic factors (including education and occupation).
We analyzed age at death (years) as an ordinal three-category variable
(0-14, 15-64, 65, and above) rather than a continuous variable to
facilitate interpretation and comparison with other studies. For ethnicity,
we divided patients into Han ethnicity and other ethnicities. Marital
status was categorized as married, unmarried, widowed/divorced, or
unmarried. Educational level was classified as junior high school or
below, senior high school, college or above, or unknown. Occupations
included farm workers, retired, unemployed/student, self-employed/
enterprise manager, professional/staff/civil servant, or unknown.

Statistical analysis

We used a chi-squared test to examine the differences in variables
among different groups. Subsequently, we applied a multilevel logistic
regression analysis to identify the factors associated with hospital liver
cancer deaths. We classified POD at home, nursing homes, on the way to
the hospital, and others/unknown as “out-of-hospital liver cancer
deaths.” Multiple models were constructed for the analysis. Model 1 was
an ordinary null model that included fixed and random intercepts that
were fitted to investigate spatial variations across multiple scales, among
which random intercepts accounted for the clustering of participants
(level 1) within the provinces (level 2). Random effects at the individual
level were translated into the median odds ratio (MOR), which indicates
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the median value of the odds between the area with the highest outcome
probability and the area with the lowest one.'>"'” To explore the extent
to which these personal and contextual variables affected the probability
of liver cancer patients dying in the hospital, demographics (Model 2),
socioeconomic factors (Model 3), and contextual phenomena (Model 4)
were entered stepwise into the multivariate logistic model, and the
proportional change in variance (PCV) was calculated for each model.
PCV generally indicates how several factors contribute to a model and
reflects the proportion of variance associated with newly added varia-
bles.'®2° In this way, we identified the variables that indicate the choice
of POD at the hospital.?!»>? In all hypothesis tests, a P value < 0.05 was
considered statistically significant. All relevant analyses were performed
using the R version 4.2.1 (R Core Team, Vienna, Austria).

Results
Characteristics of the place of death distribution among liver cancer patients

The flow diagram of this study is illustrated in Figure 1. A total of
608,789 liver cancer-related deaths were reported by the NMSS in China
from 2013 to 2020, including patients who died at home (440,079,
72.29%), in a hospital (158,291, 26.00%), in nursing homes (1798,
0.29%), on the way to hospital (4361, 0.72%), and others (4260, 0.70%)
[Table 1]. Home remained the most common POD among patients with
liver cancer, and differences in POD distribution according to key char-
acteristics were also assessed. There was no significant change in the POD
distribution from 2013 to 2020, with home ranking first, followed by
hospitals [Figure 2A]. Compared to female patients, male patients with
liver cancer were more likely to die in hospitals, with a proportion of
26.75% (compared to 23.88% for female patients); we also observed a
higher frequency of younger patients choosing to die in hospitals, while
older people died in homes irrespective of their gender [Figure 2B].

In addition, among the provinces of mainland of China, Beijing
ranked first in medical institution deaths, followed by Shanghai, Hei-
longjiang, and Jilin [Figure 2C]. Similar to Figure 2A, there were no
apparent differences in POD distribution in patients with liver cancer
over time [Figure 3A]. However, patients from urban areas preferred to
die in hospitals compared to those from rural areas (urban areas: 40.37%,
rural areas: 18.41%). Remarkably, a higher proportion of liver cancer
patients living in urban areas opted for hospital death, regardless of their
age [Figure 3B]. In all 31 provinces, patients from urban areas were more
likely to spend their EOL time in hospitals, particularly in Beijing and
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Xinjiang [Figure 3C]. Compared with other age groups, patients with
liver cancer aged <20 years and those aged >100 years were more likely
to die in the hospital, which was consistent over time [Supplementary
Figure 1]. Another interesting finding was that Beijing and Shanghai
were the two provinces with the highest number of liver cancer patients
dying in hospitals, whereas Jiangsu and Zhejiang ranked high for at-
home deaths of liver cancer patients [Supplementary Figure 2].

Factors contributing to hospital deaths

We also conducted a multivariate logistic analysis to screen for factors
associated with liver cancer-related deaths in hospitals. The MOR of all
four multivariate models was <1, indicating that provincial variations
did little to explain individual differences in choosing POD. Nevertheless,
our results demonstrated that differences in demographics (age, gender,
ethnicity, marital status) and individual socioeconomic factors (educa-
tion, occupation) substantially contributed to explaining 20.79% of
spatial variations among liver cancer-related deaths in hospitals below
the province scale when comparing Model 1 with Model 4 [Table 2], and
the probability of dying in the hospital changed little over time (odds
ratio [OR]: 1.01, 95% confidence interval [CI]: 1.01-1.01).

In summary, patients who were female (OR: 1.04, 95% CIL
1.02-1.06), living in urban areas (OR: 1.42, 95% CI: 1.40-1.44), aged
between 0 and 14, Han ethnicity, unmarried (OR: 1.24, 95% CI:
1.19-1.29), highly educated (OR: 3.44, 95% CI: 3.31-3.57), and either
professionals, staff or civil servants (OR: 7.21, 95% CI: 6.81-7.63), or
retired (OR: 9.07, 95% CI: 8.86-9.28) tended to die in hospitals.
Conversely, the probability of liver cancer-related deaths in hospitals was
lower in patients who were from ethnic minorities (OR: 0.64, 95% CI:
0.61-0.66) and those who were widowed or divorced (OR: 0.71, 95% CI:
0.70-0.73). These associations were further verified using a logistic
regression [Figure 4], which yielded consistent results [Table 2].

Discussion

In this population-based study, we utilized nationally representative
mortality data to illustrate POD patterns among patients with liver cancer
and explored the factors that could influence whether they died in a
hospital. Our study revealed that home was the primary POD for patients
with liver cancer between 2013 and 2020. Furthermore, being female,
young, Han, unmarried, retired, urban, and highly educated made it
more likely that the patients would die in hospitals.

608,789 participants extracted from the
NMSS database between 2013 and 2020

1 l [

1 l

Home Nursing home Hospital On the way to hospital Others
N=440,079 N=1798 N=158,291 N=4361 N=4260
Chi-squared i
test The differences in characteristic Descriptive statistics Figures 2 and 3 and
Table 1 AP . Suppl tary Figures 1 and 2
distribution among nominal classes %
Multilevel logistic
: ) . regression
Assoc1.ated factors of hospital Table 2 and Figure 4
liver cancer deaths

Figure 1. Study flow of the study. NMSS: National Mortality Surveillance System.
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Table 1
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Characteristics of POD distribution among liver cancer deaths from the NMSS in China, 2013-2020.

Characteristics Total, N Medical and healthcare Out of medical and healthcare institutions
Institutions, n Home, n Nursing homes, n On the way to the hospital, n Others/unknown, n

Total 608,789 158,291 440,079 1798 4361 4260

Location
Urban 210,452 84,954 121,439 929 1462 1668
Rural 398,337 73,337 318,640 869 2899 2592
Chi-squared statistic and P value 35,269.0 <0.001

Region
Eastern 261,551 63,950 193,609 911 1642 1439
Central 198,802 57,996 136,945 495 1866 1500
Western 148,436 36,345 109,525 392 853 1321
Chi-squared statistic and P value 2036.2 <0.001

Gender
Male 449,622 120,277 321,631 1314 3240 3160
Female 159,167 38,014 118,448 484 1121 1100
Chi-squared statistic and P value 508.2 <0.001

Age group, years
0-14 1073 325 715 2 19 12
15-64 295,916 81,594 209,110 514 2269 2429
>65 311,800 76,372 230,254 1282 2073 1819
Chi-squared statistic and P value 1232.7 <0.001

Ethnicity
Han 574,469 151,637 413,018 1673 4156 3985
Other ethnicities 34,320 6654 27,061 125 205 275
Chi-squared statistic and P value 846.7 <0.001

Marital status
Married 503,378 135,156 360,672 769 3659 3122
Unmarried 18,750 5050 12,904 444 120 232
Widowed/divorced 83,134 17,262 64,289 555 552 476
Unknown 3527 823 2214 30 30 430
Chi-squared statistic and P value 11,734.0 <0.001

Education
Junior high school and below 510,364 102,619 399,623 1524 3282 3316
Senior high school 74,319 37,825 34,824 195 802 673
College and above 20,991 15,963 4578 76 206 168
Unknown 3115 1884 1054 3 71 103
Chi-squared statistic and P value 64,096.0 <0.001

Occupation
Agricultural-related personnel 424,111 54,322 363,737 856 2751 2445
Retired 57,553 35,995 20,487 355 404 312
Unemployment/student 32,501 15,132 16,677 177 276 239
Worker/self-employed/enterprise manager 56,414 32,373 22,817 160 583 481
Professional/staff/civil servant 7085 4933 1977 11 103 61
Others/unknown 31,125 15,536 14,384 239 244 722
Chi-squared statistic and P value 134,860.0 <0.001

Western: Inner Mongolia, Guangxi, Chongging, Sichuan, Guizhou, Yunnan, Xizang, Shaanxi, Gansu, Qinghai, Ningxia, and Xinjiang; Central: Shanxi, Jilin, Heilongjiang,
Anhui, Jiangxi, Henan, Hubei, and Hunan; Eastern: Beijing, Tianjin, Hebei, Liaoning, Shanghai, Jiangsu, Zhejiang, Fujian, Shandong, Guangdong, and Hainan. NMSS:

Natrowheadional Mortality Surveillance System; POD: Place of death.

Home was the most common place of death among liver cancer patients

Between 2013 and 2020, 72.29% (440,079) of 608,789 liver cancer
deaths occurred at home, whereas 26.00% (158,291) occurred in hos-
pitals. The observation that most liver cancer deaths occurred at home is
consistent with the findings of previous studies on other diseases. For
example, in the United States, 40% of women who die of gynecologic
malignancies die in their homes.?® In 2021, a descriptive cross-sectional
study was conducted in Iran, revealing that the majority of cancer pa-
tients selected their homes as the preferred location for end-of-life care
and final disposition.>* Similarly, a study of cancer-related deaths in the
United States from 1999 to 2015 revealed a decline in hospital deaths
from 36.6% to 24.6%, whereas the proportion of deaths at home
increased from 38.4% to 42.6%.%° Similar conclusions were drawn from
a meta-analysis of 27 studies, indicating that over half of cancer patients
expressed a preference for dying at home.?

However, some findings yielded results that differ from those of the
present study. In Germany, the predominant location of death in pa-
tients with dementia is a retirement or nursing home, followed by
hospitals and homes.”” Moreover, a study conducted in England
revealed that hospitals were the primary location of death in patients

with liver diseases.” There are multifaceted reasons for this discrepancy.
Previous studies proposed a three-stage evolutionary hypothesis that
could be employed to interpret national variations in the distribution of
POD over the past century.”®?° In the first stage, home deaths consti-
tuted >90% of all fatalities in the early 20th century and were primarily
attributed to limited healthcare resources and underdeveloped medical
technologies. In the second stage, the percentage of hospital deaths
gradually increased, comprising 70%-80% of all fatalities in most
developed countries after the 1970s. This shift has been predominantly
propelled by advancements in medical technology and enhanced access
to healthcare services.

Advancing to the third stage, there has been a decline in-hospital
deaths in the United States and Western countries. This shift can be
attributed to an amplified focus on the quality of EOL care and a con-
current increase in deaths at home. According to this hypothesis, most
developed countries are currently in Stage 2 or transitioning from Stage 2
to Stage 3, contingent upon the advancement of palliative care. We
propose that China, as the world's largest developing country, is presently
in its initial stage or is transitioning from Stage 1 to Stage 2 due to its
substantial population base, uneven distribution of healthcare resources,
and the nascent stage of palliative care implementation.
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Table 2
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Associated factors of hospital liver cancer deaths from the NMSS in China, 2013-2020: Estimated from multilevel logistics regression.

Factors Model 1 OR (95% CI)

Model 2 OR (95% CI) Model 3 OR (95% CI) Model 4 OR (95% CI)

Fixed effect

Constant
Year (2013-2020)

Location (reference: rural)
Urban

Gender (reference: male)
Female

Age groups, years (reference: 0-14)
15-64
>65

Ethnicity (reference: Han)
Other ethnicities

Marital status (reference: married)
Unmarried
Widowed/divorced
Unknown

Education (reference: junior high school and below)
Senior high school
College and above
Unknown

Occupation (reference: agricultural-related personnel)
Retired
Unemployment/student
Worker/self-employed/enterprise manager
Professional/staff/civil servant
Others/unknown

Region (reference: Eastern)
Central
Western

Random effects
Variance among provinces (SE)
MOR
PCV (%)

0.33 (0.29-0.39)"

0.58 (0.76)
0.73

0.34 (0.29-0.41)"
1.00 (1.00-1.00)

3.15 (3.11-3.19)*
0.91 (0.89-0.92)"

0.72 (0.65-0.80)"
0.63 (0.56-0.70)"

0.63 (0.61-0.65)"

1.07 (1.04-1.11)°
0.70 (0.69-0.72)*
0.63 (0.58-0.68)"

0.54 (0.73)
0.70
7.86

0.11 (0.09-0.14)*
1.01 (1.01-1.01)*

1.42 (1.40-1.44)"
1.04 (1.02-1.06)"

0.99 (0.88-1.11)
0.83 (0.74-0.93)"

0.63 (0.61-0.66)"

1.24 (1.19-1.29)"
0.71 (0.70-0.73)*
0.50 (0.45-0.54)"

1.92 (1.89-1.96)"
3.44 (3.31-3.57)*
4.11 (3.79-4.45)"

9.07 (8.86-9.28)"
4.72 (4.60-4.85)"
6.31 (6.17-6.46)"
7.21 (6.81-7.63)"
5.23 (5.09-5.38)"

0.50 (0.71)
0.67
14.06

0.11 (0.09-0.14)*
1.01 (1.01-1.01)*

1.42 (1.40-1.44)"
1.04 (1.02-1.06)"

0.99 (0.88-1.12)
0.83 (0.73-0.93)"

0.64 (0.61-0.66)"

1.24 (1.19-1.29)°
0.71 (0.70-0.73)*
0.50 (0.45-0.54)"

1.92 (1.89-1.96)"
3.44 (3.31-3.57)"
4.11 (3.78-4.46)"

9.07 (8.86-9.28)"
4.72 (4.60-4.85)"
6.31 (6.17-6.46)"
7.21 (6.81-7.63)"
5.23 (5.09-5.38)"

1.44 (0.98-2.11)"
0.87 (0.64-1.19)"

0.46 (0.68)
0.65
20.79

@ P < 0.05. Western: Inner Mongolia, Guangxi, Chongqing, Sichuan, Guizhou, Yunnan, Xizang, Shaanxi, Gansu, Qinghai, Ningxia, and Xinjiang; Central: Shanxi, Jilin,
Heilongjiang, Anhui, Jiangxi, Henan, Hubei, and Hunan; Eastern: Beijing, Tianjin, Hebei, Liaoning, Shanghai, Jiangsu, Zhejiang, Fujian, Shandong, Guangdong, and
Hainan. CI: Confidence interval; MOR: Median odds ratio; NMSS: National Mortality Surveillance System; OR: Odd ratio; PCV: Proportional change in variance; SE:

Standard error.

Moreover, traditional Chinese culture significantly influences EOL
choices, where the concept of home extends beyond mere physical
location to encompass emotional support. It is also convenient for family
members to be present and perform certain ceremonies as part of EOL
care. Finally, liver cancer typically has a poor prognosis. Doctors may
have fewer treatment options for palliative care at home, especially for
those in advanced stages. These findings shed light on the divergent POD
for terminally ill patients in developed countries and China. We infer that
these differences may be attributed to national variations in healthcare
resources, advancements in medical technology, the development of
palliative care, and cultural influences.

Determining factors contributing to liver cancer deaths in hospitals

Multilevel logistic regression analysis was conducted to identify fac-
tors influencing the preferred POD among patients with liver cancer who
expressed a preference for hospitals. This analysis revealed relevant
factors at both individual and provincial levels that may have contribute
to in-hospital deaths.

We found that geographical location, region of residence, gender,
age, marital status, and ethnicity were associated with liver cancer-
related deaths in hospitals. Individuals residing in urban areas are
more likely to die in hospitals than those residing in rural areas. A sys-
tematic review based on the location of deaths among cancer patients
revealed that, compared to low-income individuals, those with higher
incomes were more inclined to die in hospitals.>’ In China, residents of
urban areas typically enjoy higher incomes than those of rural areas.
Furthermore, urban residents who had access to urban employees’ basic
medical insurance were able to meet hospital expenses better than ben-
eficiaries of the new rural cooperative medical scheme.>!

Concerning gender, Model 4 suggested that female patients were
more likely to experience hospital deaths than their male counterparts,
and the OR for gender in the model was close to 1 (with reference to
males). Certain studies have observed that gender-specific mortality rates
for patients with liver cancer are approximately equal.>*>> While female
patients were noted to have higher odds of dying in hospitals for diseases
such as cardiovascular disease, it is possible that gender may not be an
influencing factor for patients with liver cancer when it comes to
selecting POD.**

Regarding age, the findings revealed that pediatric patients were
more prone to hospital deaths than individuals in other age groups. We
also obtained findings comparable to those of another study suggesting
that children with life-limiting conditions are more likely to die in hos-
pitals.>® Pediatric liver cancer typically requires a complex treatment
regimen. Chinese parents are often willing to do everything in their
power to ensure that their sick child receives comprehensive medical
services and supervision in the hospital until the end of the child's life.
However, liver cancer is relatively rare in children and can lead to
delayed diagnosis and treatment, thereby increasing the risk of hospital
death for these patients. Conversely, older liver cancer patients may
choose to return home, influenced by the traditional belief that “falling
leaves return to their roots,” coupled with their children's refusal to
pursue further medical treatment.

In our study, we observed that patients belonging to the Han ethnic
group were more likely to experience in-hospital death than those of
other ethnicities, demonstrating that ethnic differences also play a sig-
nificant role in POD.*”-*® Religious and cultural disparities may signifi-
cantly contribute to the distinct patterns of POD between the Han and
other ethnicities. Ethnic minorities with religious beliefs hold high re-
gard for peaceful deaths at home in China.> Moreover, we observed that
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Factors

Year (2013-2020)

Location (reference: rural)

Urban

Sex (reference: male)

Female

Age group, years (reference: 0-14)
15-64

65 and above

Ethnicity (Reference: Han)

Other ethnics

Marital status (reference: married)
Unmarried

Widowed/Divorced

Unknown =
Education (reference: junior high school and below)
Senior high school

College and above

Unknown

Occupation (reference: peasant)
Retired

Unemployment/Student
Workers/Self-employed/Enterprise manager
Professional/Staff/Civil servant

Others

Region (reference: western)

Central

Eastern
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OR (95% CI)
1.01 (1.00-1.01)*

1.49 (1.46-1.51)*
1.03 (1.01-1.04)*

1.16 (1.00-1.34)*
0.96 (0.83-1.11)

0.75 (0.73-0.77)*

1.22 (1.18-1.27)*
0.73 (0.72-0.75)*
0.55 (0.50-0.60)"

. 1.88 (1.84-1.92)*
3.18 (3.07-3.29)*
4.19 (3.86-4.55)"

8.75 (8.57—8.94)*
4.91 (4.79-5.03)*
5.94 (5.81-6.07)*
7.06 (6.68-7.47)*
5.54 (5.40-5.68)*

1.37 (1.34-1.39)*
0.78 (0.77-0.79)*

10

Figure 4. Associated factors of hospital liver cancer deaths in China, 2013-2020: Estimated from a logistic regression. *P < 0.05. Western: Inner Mongolia, Guangxi,
Chongqing, Sichuan, Guizhou, Yunnan, Xizang, Shaanxi, Gansu, Qinghai, Ningxia, and Xinjiang; Central: Shanxi, Jilin, Heilongjiang, Anhui, Jiangxi, Henan, Hubei,
and Hunan; Eastern: Beijing, Tianjin, Hebei, Liaoning, Shanghai, Jiangsu, Zhejiang, Fujian, Shandong, Guangdong, and Hainan. CI: Confidence interval; OR:

Odds ratio.

being unmarried tended to be a crucial factor associated with hospital
deaths compared to other marital statuses; this trend has also been noted
in other findings related to cancer.*” Married patients may receive ample
social support from their spouses or family members, which allows them
to opt for home-based treatment. The intimate psychological connection
between patients and their caregivers may serve as a compelling ratio-
nale for selecting the home as the preferred location for EOL care.
Conversely, unmarried patients who live alone may experience loneliness
and may resort to therapy exclusively from medical institutions.

Another potential contributing factor is that end-stage liver cancer
frequently presents with severe clinical symptoms such as hematemesis
and jaundice. Although some families prefer home care, they often lack
the readiness or capability to handle acute symptoms at home. Compared
with other care settings, patients tend to feel safer when hospitalized.
These findings underpin the creation of a comprehensive model designed
to assess the risk factors influencing in-hospital mortality in patients with
liver cancer.

An anthropological study conducted in Yunnan, China, revealed that
individuals with higher socioeconomic status (SES) have an increased
likelihood of hospital death.'* Zhang and Lu highlighted that the quality
of EOL care is influenced by accessibility, affordability, and the provision
of professional support.*! We also verified whether SES factors affected
the probability of hospital deaths. We examined patients’ education
regarding their POD choices and observed a correlation. Patients with
higher degrees were more likely to experience in-hospital deaths. This
finding is not surprising as patients with higher education are likely to
possess better financial status, maintain a more optimistic outlook, and
actively embrace treatment and nursing care. Due to work-related and
financial limitations, agricultural workers may be less likely to seek
certain medical care, resulting in the lowest odds of hospital death
compared with individuals in other occupations. However, our findings

concerning the SES characteristics contradict those of some Western
studies. Retrospective cohort studies conducted in Canada and Spain
indicated that patients with a lower SES were more likely to die in
medical institutions, whereas those with a higher SES were more likely to
die at home. This scenario could be attributed to individuals with higher
SES having the means to secure and utilize premium healthcare services
domestically in developed nations, which is in stark contrast to the cir-
cumstances in China.

As the world's most populous developing country, China encounters
formidable challenges in providing comprehensive home-based care
services across its vast population despite the considerable advancements
made in its healthcare system following the New Healthcare Reform in
2009. Undoubtedly, SES significantly affects patients' preferences
regarding their POD. However, the variability in affordability and med-
ical resource accessibility across different nations means that SES could
shape decisions regarding death locations for patients in Eastern vs.
Western settings differently.

Furthermore, we investigated the impact of geographical regions on
the preferred POD. We classified the residences of patients with liver
cancer according to their provinces (eastern, central, and western). Our
findings revealed that patients from the eastern and central regions were
more prone to hospital deaths than those from the western regions. This
phenomenon can be attributed to the more substantial economic devel-
opment in China's eastern and central regions, enhanced support from
health insurance, increased access to medical services, the likelihood of
more frequent health screenings, and heightened awareness of health
risks. In some rural areas of the western part, the phenomena of “falling
into poverty due to illness” and “returning to poverty due to illness” still
exist. Especially against the backdrop of young labor force migration,
which leads to left-behind and empty-nest situations, the phenomenon of
some rural older adults choosing suicide, because they cannot afford
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medical treatment and do not want to burden their families, is common.
Additionally, there are significant differences in ethnic cultures, customs,
and religious beliefs among the eastern, central, and western regions of
China, which also influence the distribution of places of death.

Finally, there is a significant lack of education on perspectives toward
life and death in our society, with death still considered a taboo in
traditional Chinese culture. In the terminal stages of cancer, most pa-
tients may no longer be able to express their inner demands and may not
have established a “living will” in time. Thanks to the development of
advanced life support technologies, such as defibrillation, cardiopulmo-
nary resuscitation, and tracheal intubation, vital signs can be maintained.
However, whether this extension of life truly reflects the wishes of the
dying has always been controversial. Family members often exercise
their right to choose the place and manner of death on behalf of the
terminally ill. Due to the consolation of their souls or avoidance of moral
hazards, family members objectively increase the likelihood of patients
dying in hospitals. Life begins, inevitably leading to its end. Thus, death is
inherently natural. Strengthening education about life and death can
assist family members in better understanding and accepting the signif-
icance of life and death and is essential for fostering the healthy devel-
opment of society.

Implications

The present characteristics of POD distribution among liver cancer
deaths can be attributed to the complex interplay among multiple fac-
tors. With the profound influence of traditional culture and religious
beliefs, the predominant POD among patients with liver cancer remains
at home. We found that various demographic and socioeconomic factors
significantly influenced POD choice. Therefore, we proposed recom-
mendations to enhance the quality of EOL care for patients with liver
cancer.

First, owing to the considerable percentage of patients dying at
home, it is crucial to establish and develop home-based EOL care pro-
grams to better cater to the needs of patients with liver cancer. Second,
we found that individuals with a lower SES were less likely to experi-
ence hospital deaths. This observation suggests an unbalanced alloca-
tion of medical resources and a lack of health awareness within specific
subpopulations. Third, healthcare resources should be properly allo-
cated based on the geography and demographics of the patients. These
approaches aim to promote the quality of medical care for vulnerable
patients by ensuring both accessibility and affordability of healthcare
services.

To the best of our knowledge, this study represents the most extensive
investigation into the trends in POD distribution among patients with
liver cancer in China. Moreover, a multivariate analysis demonstrated the
associated determinants of POD in patients with end-stage liver cancer
and provided an interpretation of the contributions of each demographic
and socioeconomic factor. However, our study has several limitations.
We must recognize the potential biases in identifying factors that
determine the preferred POD among patients with liver cancer. These
biases stem partly from limitations in the data gathered by the NMSS,
which failed to include crucial variables such as family income,
employment status, and family background. Future studies should aim to
incorporate these missing elements to provide a more comprehensive
understanding. Another limitation is that NMSS is an online database
that relies on death certificates. Subsequently, any inaccuracy in the
coding of the death certificates may have distorted the results.

In conclusion, in China, the home remains the most likely location for
EOL care among liver cancer patients, with demographic and socioeco-
nomic factors playing a significant role in shaping their decisions toward
hospital-based deaths. Enhancing healthcare providers’ comprehension
of palliative care for cancer patients and prioritizing the accessibility of
services are crucial for improving the quality of EOL care. Such strategies
guarantee a fair distribution of healthcare resources and offer a variety of
choices for minorities with distinct preferences for EOL care.
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