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Objectives: A substantial number of hospitalized patients with terminal cancer at the end-of-life phase receive
antibiotics, even with imminent death. We evaluated the impact of palliative care consultation on antibiotic use
in hospitalized patients with terminal cancer during the end-of-life phase.

Methods: We identified adult patients with metastatic solid cancer who died at a tertiary medical centre in
Seoul, Republic of Korea, following at least 4 days of hospitalization (January 2018–December 2020). Patients
were divided into palliative and non-palliative care consultation groups. Propensity score-weighted, multivari-
able logistic regression analysis was used to compare the proportion of patients receiving antibiotics within
3 days before death between the two groups.

Results: Among 1143 patients analysed, 940 (82.2%) received antibiotics within 3 days before death. The pro-
portion of patients receiving antibiotics was significantly lower (propensity score-weighted P<0.001) in the pal-
liative care consultation group (344/468; 73.5%) than in the non-palliative care consultation group (596/675;
88.3%). The decrease in the proportion of patients receiving antibiotics in the palliative care consultation group
was significant for a carbapenem (42.4% versus 22.4%; P<0.001), a glycopeptide (23.3% versus 11.1%; P<
0.001) and a quinolone (30.5% versus 19.4%; P=0.012). In the multivariable logistic regression analysis, receiv-
ing palliative care consultation (adjusted OR 0.46, 95% CI 0.33–0.65; P<0.001) was independently associated
with reduced antibiotic use during the end-of-life phase.

Conclusions: Palliative care consultation may reduce aggressive antibiotic use in hospitalized patients with ter-
minal cancer during the end-of-life phase.

Introduction
Hospitalized patients with terminal cancer are highly susceptible
tobacterial infectionbecauseof lethargy, impairedhost defences,
malnutrition,diseaseandanti-cancer chemotherapy-induced im-
munosuppression, and various vascular/drainage catheters.1,2

Also, these patients often present infection-like signs and symp-
toms induced by their disease progression, which is not easy to
distinguish from bacterial infection. Thus, antibiotics are com-
monly administered in hospitalized patients with terminal cancer
and, in many cases, administered until death.3

However, many studies have suggested that antibiotics are
currently overused, with an uncertainty of substantial benefits
in hospice and palliative care settings.4–8 Negligent use of

antibiotics in patients with terminal cancer at the end of life
can increase the risk of adverse drug reactions by interacting
with other comfort medication and can lead to side effects in-
cluding nausea, antibiotic-associated diarrhoea or phlebitis,
which can deteriorate the quality of end-of-life care.3,7,9–11

Furthermore, concerning public health and antimicrobial stew-
ardship, these patients may represent reservoirs of MDR organ-
isms that can be transmitted to other patients in hospital
settings.12 This issue has been internationally recognized and
there is a need to balance antibiotic-related decision-making at
the end of life.13–16

In the Republic of Korea, the Act on Decisions on
Life-sustaining Treatment for Patients in Hospice and Palliative
Care or at the End of Life (Life-sustaining Treatment Decision
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Act) was enacted in February 2018 to ensure that the patient’s
self-determination in the end-of-life care processes could be re-
spected. Although the decision-making framework for end-of-life
care under the Life-sustaining Treatment Decision Act did not
specifically mention antibiotic treatment, comprehensive pallia-
tive care planning with patients, family caregivers and attending
physicians were introduced and may affect perceptions and
decision-making regarding antibiotic use during end-of-life
care.17–19 To our knowledge, there is insufficient information re-
garding the effects of palliative care consultation on antibiotic
use in hospitalized patients with terminal cancer during the
end-of-life phase. Our primary aim was to determine whether
palliative care consultation could reduce the proportion of pa-
tients with terminal cancer receiving antibiotic treatment in a
state of imminent death.

Material and methods
Study design and inclusion criteria
This retrospective cohort study was conducted at Seoul National University
Hospital, a tertiary medical centre in Seoul, Republic of Korea, between
January 2018andDecember 2020. After a literature reviewof the definition
of imminent death in cancer patients,20,21 we defined the imminent dying
phase as 3 days before death. Patients aged ≥19 years, admitted for over
3 days for malignancy treatment and/or supportive care for complications
associated with malignancy, and who died during hospitalization, were
screened. Among these, we included patients with metastatic solid tu-
mours. The included patients were divided into two groups for analysis: (1)
a palliative care consultationgroup comprising patientswho receivedpallia-
tive care consultation more than 3 days before death; and (2) a non-
palliative care consultation group comprising patients who received pallia-
tive care consultation within 3 days before death or did not receive it. The
study protocol was approved by the Institutional Review Board (number
H-2203-120-1308) of Seoul National University Hospital, which waived the
need for written informed consent from patients.

Process of palliative care consultation
Seoul National University Hospital is a referral hospital with 1761 beds,
staffed by 1947 doctors working in acute and specialized care. It does
not retain inpatient hospice palliative wards. The palliative care service
of Seoul National University Hospital hasmainly operated as hospice con-
sultation for inpatients since2005. After 2018, i.e. theyearof enforcement
of the Life-sustaining Treatment Decision Act, the service has acted as a
consultation-based palliative care team, which is specialized in palliative
care.22 The team comprises medical oncologists, palliative care nurses
and medical social workers with sufficient clinical experience in palliative
care. Palliative care consultationwas conducted at outpatient or inpatient
settings, whenprimary attending physicians (consisted of professor of ad-
mitting department, clinical fellows and/or a resident) determined it was
necessary according to the course of the patient’s diseases and made a
request. During consultation, the teammet patients and family caregivers
andperformeda comprehensive andholistic assessment of palliativecare
needs, including physical, psychosocial and spiritual distress. During a ser-
ies of thorough interviews, discussion for goals of care and advance care
planning at the end-of-life phase were necessarily included in palliative
consultation by assessing the patient/family’s wishes, preferences and
core values, and helping themweigh the risks and benefits of the relevant
treatment options. Furthermore, to facilitate communication between
the primary attending physicians and the patient/family, the team deliv-
ered the interview contents to the primary care team along with recom-
mendations for care planning.

Because the Life-sustaining Treatment Decision Act did not specifical-
ly mention withholding or withdrawing antibiotic treatment, the routine
antimicrobial stewardship programme performed by infectious diseases
specialists was not involved in this consultation process. The primary at-
tending physicians continued tomake decisions regardingmedical proce-
dures, such as the prescription and discontinuation of antibiotics, after
palliative care consultations, just as they did with the non-palliative
care consultation group.

Outcomes
The primary outcome was the proportion of patients receiving IV and/or
oral antibiotic treatment within 3 days before death. The proportion of
patients who received antibiotics on the day of deathwas also compared.
The administration of at least one dose of antibiotics on these calendar
dayswas considered an outcomemeasure. Additionally, specific antibiot-
ic use (including quinolones, third-generation cephalosporins, piperacil-
lin/tazobactam, carbapenems and glycopeptides) during this period
were compared concerning the proportion of patients receiving antibio-
tics and days of therapy (DOT) per 1000 patient-days.23 These outcome
measures were compared in a sensitivity analysis, excluding patients
with positive test results from blood cultures within 2 weeks of death.

Covariates of interest
We extracted clinical data thatmight have influenced antibiotic use with-
in 3 days before death from electronic medical records. These variables
included demographics, presence of physician orders for life-sustaining
treatment (POLST), history of receiving anti-cancer chemotherapy within
1 month of death, admission duration, the year when the patients died,
comorbidities represented as Charlson comorbidity score excluding can-
cer status, route of admission (via outpatient clinic or emergency depart-
ment), admission department (medical, surgical or emergency), death in
ICU, presence of fever (≥37.5°C measured at the axilla) within 2 weeks of
death, presence of leucocytosis (WBC count >10000 cells/mm3), or neu-
tropoenia (absolute neutrophil count <500 cells/mm3) within 2 weeks of
death, presence of abnormal C-reactive protein value (>0.5 mg/dL) with-
in 2 weeks of death, and positive results for blood culture suggesting bac-
teraemia within 2 weeks of death.

Statistical analysis
Continuous variables are expressed as medians with IQR and are com-
pared using the Wilcoxon rank-sum test. Categorical variables are ex-
pressed as numbers with percentages and are compared using the
chi-squared test. Because group allocation was not randomized in this
retrospective cohort study, we applied propensity scoreweighting tomin-
imize confounding using two-step multivariable regression models.24 To
identify variables that influenced the propensity to undergo palliative
care consultation, we conducted univariate analysis for each variable,
as appropriate. Multivariable logistic regression was used to estimate
the propensity score for receiving palliative care consultations. Variables
were considered in multivariable logistic regression model if the P value
of a univariate association with palliative care consultation was <0.10.
Goodness of fit of the multivariable logistic regression modelling of the
propensity to receive palliative care consultation was assessed using
the Hosmer–Lemeshow test. To perform the inverse probability of treat-
ment weighting method, weights were constructed as the inverse of
the probability of receiving palliative care consultation (1/propensity
score) among those in the consultation group and as the inverse of the
probability of not receiving palliative care consultation (1/1−propensity
score) among those in the non-consultation group. Balances between
groups were evaluated by the covariates of standard difference. We con-
sidered standard difference in excess of 10% as imbalance in covariates
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between groups.25 After applying the inverse probability of treatment
weighting, the predictive probabilities of outcomes were compared.

The second multivariable logistic regression analysis was used to cal-
culate the OR with a 95% CI for the primary outcome. All factors clinically
relevant to the outcome were evaluated using univariate analysis; vari-
ables with P<0.10 were included in the multivariate analysis to adjust
for the effect of palliative care consultation. The inverse probability of
treatment weighting was also applied in themultivariate model to adjust
for the propensity to receive palliative care consultation. To assess homo-
geneity, we repeated these analyses for different populations: age (≤50,
>50 and ≤70, >70 years), year (2018, 2019, 2020), receiving anti-cancer
chemotherapywithin 1 month of death (yes, no), presence of POLST (yes,
no) and admission duration (≤14 days, >14 days).

All reported P values were two-tailed, and those <0.05 were consid-
ered statistically significant. All statistical analyses were performed using
STATA, version 15.0 (StataCorp LP, College Station, TX, USA).

Results
During the study period, 1689 patientswithmalignancy died in the
hospital. Of these deceased patients, 546 patients with non-
metastatic solid tumour or haematological malignancies were

excluded from the analysis. Finally, the study population included
a non-palliative care consultation group (n=675) and a palliative
care consultation group (n=468). Median time from receiving pal-
liative care consultation to deathwas 12 days (IQR 7 to 24.5 days).
The majority of patients (391/468; 83.5%) received palliative care
consultation after admission. Overall, hepatobiliary-pancreatic
cancer was the most common type of cancer (n=423; 37.0%),
followed by lung and intrathoracic cancers (n=257; 22.5%),
gastrointestinal cancer (n=168; 14.7%), breast cancer (n=86;
7.5%), bone and soft tissue cancers (n=49; 4.3%), genitourinary
cancer (n=46; 4.0%), gynaecological cancer (n=44; 3.8%) and
other cancers (n=70; 6.2%). These frequencies were similar in
the two groups.

The baseline characteristics of the two groups are highlighted in
Table 1. Among 487 patients who completed the POLSTdocumen-
tation, 72 (14.8%) did it before the admission. Except for the admis-
sion route, all other remaining baseline characteristics showed
significant differences between the two groups and were asso-
ciated with the propensity to receive palliative care consultation in
univariate analysis [Table 1, Table S1 (available as Supplementary
data at JAC Online)]. Multivariate logistic regression analysis

Table 1. Baseline characteristics of study population

Characteristics
Non-consult
(n=675)

Consult
(n=468)

Standard difference
unweighted

Standard difference
weighteda

Weighted
P valueb

Age, median (IQR) 66 (59–73) 64 (56–72) −0.205 0.008 0.930
Male sex, n (%) 430 (63.7) 273 (58.3) −0.110 −0.008 0.913
Year, n/N (%) 0.252 −0.004 0.924
2018 272/401 (67.8) 129/401 (32.2)
2019 224/405 (55.3) 181/405 (44.7)
2020 179/337 (53.1) 158/337 (46.9)

Charlson comorbidity indexc,
median (IQR)

0 (0–1) 0 (0–1) −0.192 −0.007 0.938

0 412 (61.0) 324 (69.2) 0.766
>0 263 (39.0) 144 (30.8)

Admission route, n (%) −0.031 0.017 0.705
Outpatient clinic 298 (44.2) 214 (45.7)
Emergency department 377 (55.8) 254 (54.3)

Admission duration, median (IQR) 14 (8–26) 20 (12–34.5) 0.261 −0.013 0.675
Admitting department, n (%) −0.191 −0.032 0.761
Medical 575 (85.2) 423 (90.4)
Surgical 56 (8.3) 33 (7.1)
Emergency 44 (6.5) 12 (2.5)

Fever, n (%) 471 (69.8) 288 (61.5) −0.174 0.010 0.848
Hypotension, n (%) 415 (61.5) 246 (52.6) −0.181 −0.022 0.791
Leucocytosis or neutropenia, n (%) 475 (70.4) 287 (61.3) −0.191 −0.025 0.708
Abnormal C-reactive protein, n (%) 528 (78.2) 315 (67.3) −0.247 −0.004 0.936
Positive blood culture, n (%) 142 (21.0) 76 (16.2) −0.123 −0.023 0.924
Anti-cancer chemotherapy, n (%) 246 (36.4) 118 (25.2) −0.244 −0.022 0.828
POLST, n (%) 237 (35.1) 250 (53.4) 0.375 0.013 0.798
Death site, n (%) −0.409 −0.019 0.874
General ward 529 (78.4) 433 (92.5)
ICU 146 (21.6) 35 (7.5)

aAfter applying inverse probability of treatment weighting.
bP value of the coefficient of palliative care consultation and covariate are presented.
cExcept cancer status.
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revealed that age, years, Charlson comorbidity score, admission
duration, positive blood culture, anti-cancer chemotherapy, POLST
and death in the ICU were independently associated with the

propensity to receive palliative care consultation (Table S1). After
the inverseprobabilityof treatmentweightingwasapplied, the vari-
ables of the two groups were balanced (Table 1).

Table 2. Comparison of antibiotic use before and after propensity score weighting

Non-consult
(n=675)

Consult
(n=468)

Crude
P valuea

Weighted
P valueb

Antibiotic use within 3 days before death, n (%) 596 (88.3) 344 (73.5) <0.001 <0.001
Antibiotic use on death date, n (%) 455 (67.4) 236 (50.4) <0.001 <0.001
Carbapenems
Proportion, n (%) 286 (42.4) 105 (22.4) <0.001 <0.001
DOT per 1000 patient-days 307.0 160.3 <0.001 0.004

Glycopeptides
Proportion, n (%) 157 (23.3) 52 (11.1) <0.001 <0.001
DOT per 1000 patient-days 148.5 73.2 0.028 0.025

Piperacillin/tazobactam
Proportion, n (%) 241 (35.7) 136 (29.1) 0.019 0.149
DOT per 1000 patient-days 251.5 228.6 0.329 0.461

Third-generation cephalosporins
Proportion, n (%) 117 (17.3) 66 (14.1) 0.144 0.506
DOT per 1000 patient-days 110.0 98.3 0.093 0.052

Quinolones
Proportion, n (%) 206 (30.5) 91 (19.4) <0.001 0.012
DOT per 1000 patient-days 232.2 144.8 <0.001 0.008

aChi-squared test or Wilcoxon rank-sum test, as appropriate.
bAfter applying inverse probability of treatment weighting.

Table 3. Univariate and multivariate analysis for probability of receiving antibiotics within 3 days before death

No antibiotic use
(n=203)

Antibiotic use
(n=940)

Univariate,
OR (95% CI) P value

Multivariate,
OR (95% CI) P value

Age (years), median (IQR) 65 (57–73) 65 (58.5–73) 1.00 (0.99–1.02) 0.625 0.99 (0.98–1.01) 0.503
Male sex, n (%) 114 (56.2) 589 (62.7) 1.31 (0.96–1.78) 0.085 1.31 (0.90–1.90) 0.154
Year, n (%) 0.80 (0.67–0.97) 0.024 0.81 (0.65–1.01) 0.067
2018 (n=401) 58 (14.5) 343 (85.5) reference
2019 (n=405) 75 (18.5) 330 (81.5)
2020 (n=337) 70 (20.7) 267 (79.3)

Charlson comorbidity score, median (IQR) 0 (0–1) 0 (0–1) 0.99 (0.87–1.12) 0.846
Admission via emergency visit, n (%) 92 (45.3) 539 (57.3) 1.62 (1.20–2.20) 0.002 1.17 (0.80–1.70) 0.420
Admission duration (days), median (IQR) 23 (10–40) 16 (9–27) 0.98 (0.97–0.99) <0.001 0.98 (0.97–0.99) <0.001
Admitting department 1.96 (1.26–3.06) 0.003 1.24 (0.67–2.28) 0.498
Medical (n=998) 188 (18.8) 810 (81.2) reference
Surgical (n=89) 14 (15.7) 75 (84.3)
Emergency (n=56) 1 (0.2) 55 (99.8)

Leucocytosis or neutropenia, n (%) 105 (51.7) 657 (69.9) 2.17 (1.59–2.95) <0.001 0.68 (0.32–1.44) 0.314
Abnormal C-reactive protein, n (%) 113 (55.7) 730 (77.7) 2.77 (2.02–3.80) <0.001 1.49 (0.54–4.07) 0.441
Positive blood culture, n (%) 17 (8.4) 201 (21.4) 2.98 (1.77–5.01) <0.001 3.05 (1.65–5.64) <0.001
Fever, n (%) 92 (45.3) 667 (71.0) 2.95 (2.16–4.02) <0.001 2.19 (1.21–3.95) 0.009
Hypotension, n (%) 92 (45.2) 569 (60.5) 1.85 (1.36–2.51) <0.001 0.77 (0.44–1.33) 0.343
Receipt of anti-cancer chemotherapy, n (%) 59 (29.1) 305 (32.5) 1.17 (0.84–1.63) 0.348
POLST, n (%) 90 (44.3) 397 (42.2) 0.92 (0.68–1.25) 0.583
Death in ICU, n (%) 10 (4.9) 171 (18.2) 4.29 (2.23–8.28) <0.001 4.19 (1.71–10.26) 0.002
Palliative care consultation, n (%) 124 (61.1) 344 (36.6) 0.37 (0.27–0.50) <0.001 0.46 (0.33–0.65) <0.001
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Outcomes
Among 1143 patients, 940 (82.2%) received antibiotics within
3 days before death. After adjusting for the propensity to receive
palliative care consultation, the proportion of patients receiving
antibiotics was significantly lower (P<0.001) in the palliative
care consultation group (344/468; 73.5%) than in the non-
palliative care consultation group (596/675; 88.3%) (Table 2).
Additionally, the proportion of patients receiving antibiotics on
the day of death was significantly lower (P<0.001) in the pallia-
tive care consultation group (236/468; 50.4%) than in the non-
palliative care consultation group (455/675; 67.4%). The results
were consistent even after excluding patients with positive re-
sults for blood cultures (Table S2).

The decrease in the proportion of patients receiving antibio-
tics in the palliative care consultation group, compared with
the non-palliative care consultation group, was significant
for carbapenems (P<0.001), glycopeptides (P<0.001) and
quinolones (P=0.012). Additionally, carbapenem (P=0.004),
glycopeptide (P=0.025) and quinolone (P=0.008) consumption
were significantly lower in the palliative care group than in the
non-palliative care consultation group.

Analyses for probability of receiving antibiotics within
3 days before death
The univariate and multivariable analysis of the probability of re-
ceiving antibiotic treatment is presented in Table 3. Receiving pal-
liative care consultation was significantly associated with lower
odds of antibiotic administration 3 days before death (crude OR
0.37; 95% CI 0.27–0.50; P<0.001). Age, sex and statistically sig-
nificant factors (all P<0.100) were included in multivariate

analysis to adjust for the effect of palliative care consultation.
In the multivariate analyses, receiving palliative care consult-
ation [OR 0.46 (95% CI 0.33–0.65); P<0.001], death in the ICU
[OR 4.19 (95% CI 1.71–10.26); P=0.002], admission duration
[OR 0.98 (95% CI 0.97–0.99); P<0.001], fever [OR 2.19 (95% CI
1.21–3.95); P=0.009] and positive results for blood cultures with-
in 2 weeks of death [OR 3.05 (95% CI 1.65–5.64); P<0.001] were
independently associated with receiving antibiotics during this
period. Receiving palliative care consultation generally remained
an independent factor associated with reduced antibiotic use in
stratified analysis of different populations (Figure 1).

Discussion
The rationales that should decrease antibiotic overuse in hospita-
lized patients with terminal cancer during the end-of-life phase
are as follows: to reduce antibiotic-associated adverse events
for each patient; to mitigate antibiotic selection pressure; and
to prevent the emergence of MDR organisms for public
health.14,26 We observed that palliative care consultation re-
duced antibiotic use in hospitalized patients with terminal cancer
during the end-of-life phase. Moreover, exposure to broad-
spectrum antibiotics, including carbapenems and glycopeptides,
decreased by nearly half in the palliative care consultation group.
To our knowledge, the present study is the first comparative
study to evaluate the effect of palliative care consultation on
antibiotic use in hospitalized patients with terminal cancer during
the end-of-life phase.

In our study, a high proportion of patients received antibiotics
at the end of life (81.6%), which is a result similar to that reported
inother studies.3,7,27 In the realworld,withholdingorwithdrawing

Figure 1. The probability of receiving antibiotics within 3 days before death as per stratified group analysis.
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antibiotics at the end-of-life phase is one of themost complicated
medical decisions due to multidimensional facets with ethical di-
lemma, including difficulties of distinguishing between infection
and cancer-related inflammation, the effectiveness of antibiotic
treatment (to prolong life or control infection-related symptoms),
difficulties in estimating cancer-related prognosis, and the rela-
tionship with other life-sustaining treatment.28 Additionally, this
medical decision may be affected by the physician’s medical pa-
ternalism, which is based on technology-oriented medicine that
overlooks distinct characteristics of the end-of-life situation.29

Physicians may feel guilty discontinuing the antibiotics when pa-
tients present signs of inflammation8,30 and believe that the ben-
efits of continuing antibiotic treatment outweigh the risks of
possibility for clinical deteriorationwhich can occur after stopping
antibiotic administration, even if there is insufficient evidence of
patients having a definitive infection.

The finding that palliative care consultation was associated
with reduced antibiotic use near death can be explained by two
aspects of core components: goals of care discussion with pa-
tients/family caregivers and facilitation of end-of-life communi-
cation between stakeholders. Regarding the appropriateness of
antibiotic use in end-of-life care, we should consider medical
indications and ethical concerns such as whether the use is goal-
concordant with the patient’s wishes.31 During goals-of-care
discussion, the palliative care team helps patients and/or their
surrogate decision-makers explore and clarify the core value
and preferences (i.e. ‘what do you want during the end-of-life
care in the hospital?’).32 In addition, the team can help attending
physicians maintain high-quality communication with patients/
family caregivers regarding end-of-life care through consultation
content and palliative care education. The close interaction of
specialized palliative care teams with primary attending physi-
cians in our study may have contributed to reducing antibiotic
use and de-prescribing broad-spectrum antibiotics in patients
at the end-of-life phase.33 Similarly, there is literature on the
positive effect of palliative care consultation on de-prescribing
unnecessary medications.34 Douglas et al.17 reported that physi-
cians without formal education in palliative care are more likely
to use antibiotics in this setting.

Even though patients received palliative care consultations, a
significant proportion of patients (73.5%) were still prescribed
antibiotics during the imminent death period. This may reflect
the Korean trend of aggressive cancer care near the end of life
due to family-centred culture and regarding death as a taboo.35

But also, there are several clinical implications for improving anti-
biotic overuse among end-of-life patients with terminal cancer.
First, this study was based in an acute-care hospital, not at a hos-
pice facility, which would explain why the high proportion of pa-
tients receiving palliative care consultation were still given
antibiotics near death. Current literature on antibiotic use for
end-of-life care has focused on hospice facilities; therefore, this
study may provide valuable data on reducing antibiotic overuse
among terminal cancer patients in a different setting. Second,
consultation-based palliative care does not include antimicrobial
stewardshipperformedby infectiousdisease specialists andphar-
macists. As palliative care consultation can reduce antibiotic use,
recent data suggest that antimicrobial stewardship programmes
can also reduce antibiotic use in terminal cancer patients without
unfavourable outcomes.36 Third, the effect of palliative care

consultation on antibiotics became prominent over time after
the enforcement of the Life-Sustaining Treatment Decision Act,
as shown in the stratified analysis; therefore, it is thought that
the legal foundation ismore settled andmay influence the effect.

The primary limitation of this study was its retrospective design,
whichpreventedabetterunderstandingof the intention toprescribe
antibiotics for end-of-life care. Specifically, whether antibiotic use
was intended to treat a confirmed infection to prolong life or used
empirically to relieve infection/cancer-mediated inflammation-
induced symptomswas unclear. Therefore, this observational study
could not show a causal sequence between not administering anti-
biotics and associated outcomes and could not provide a rationale
for what proportion of antibiotics used in end-of-life phase patients
should be reduced. Second, since our study only focused on regard-
ing antibiotic use before 3 days of death, it was difficult to evaluate
the effect of palliative care consultation on reducing antibiotic use
during other periods. Third, despite adjustment for many potential
confounders and propensity to receive palliative care consultation,
the impactof residual confoundingby indicationmayhavepersisted
in the retrospective, observational design. Lastly, it was a single-
centre study, which could reduce the applicability of study findings
to other hospital settings.

In conclusion, this study demonstrated that palliative care
consultation would reduce aggressive antibiotic use in hospita-
lized patients with terminal cancer during the end-of-life phase.
Additionally, these data suggest that antibioticsmay be adminis-
tered due to various ethical issues rather than clinical indications
of infectious disease in this patient group. The uncertainty of the
benefits and harmful effects of antibiotic use in palliative care at
the end of life instigates further prospective research to validate
these data to clarify the role of antibiotic use in this setting.
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