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Abstract

IMPORTANCE Patients with advanced cancer frequently receive broad-spectrum antibiotics, but
changing use patterns across the end-of-life trajectory remain poorly understood.

OBJECTIVE To describe the patterns of broad-spectrum antibiotic use across defined end-of-life
intervals in patients with advanced cancer.

DESIGN, SETTING, AND PARTICIPANTS This nationwide, population-based, retrospective cohort
study used data from the South Korean National Health Insurance Service database to examine
broad-spectrum antibiotic use among patients with advanced cancer who died between July 1,
2002, and December 31, 2021. Data extraction and analysis were conducted between September
2023 and August 2024.

EXPOSURE A diagnosis of lung cancer, liver cancer, stomach cancer, colorectal cancer, pancreatic
cancer, prostate cancer, gallbladder and biliary tract cancer, breast cancer, non-Hodgkin lymphoma,
leukemia, or multiple myeloma.

MAIN OUTCOMES AND MEASURES The use of broad-spectrum antibiotics (ie, antipseudomonal
β-lactams, carbapenems, or glycopeptides) was evaluated using 2 metrics according to end-of-life
trajectory: (1) prescription proportion (percentage of patients receiving antibiotics) and (2)
consumption amount (days of therapy per 1000 patient-days). The end-of-life trajectory was divided
into 5 intervals: T1 (6 months to 3 months before death), T2 (3 months to 1 month before death), T3
(1 month to 2 weeks before death), T4 (2 weeks to 1 week before death), and T5 (final week before
death). Logistic regression was performed to calculate odds ratios and 95% CIs for antibiotic
prescription proportion without adjustment for multiple comparisons, and Poisson regression was
used to calculate adjusted relative risks.

RESULTS Among the 515 366 decedents included, the mean (SD) age was 68.8 (11.7) years, and
347 327 (67.4%) were male. A total of 483 405 patients (93.8%) had solid tumors, with lung cancer
(122 142 patients [23.7%]) being the most common type. Overall, 288 151 patients (55.9%) received
broad-spectrum antibiotics during the last 6 months of life. The proportion of patients receiving
broad-spectrum antibiotics peaked during T2, with 144 920 (28.1%) receiving at least 1 dose, and
declined to 68 564 (13.3%) during T5. In contrast, total consumption peaked during T3, reaching
190.0 days of therapy per 1000 patient-days. These patterns were consistent across antibiotic
classes and cancer types. During the last week of life, patients with leukemia had the highest
exposure to broad-spectrum antibiotics compared with those with lung cancer, both for prescription
proportions (crude odds ratio, 1.50; 95% CI, 1.43-1.58) and total consumption (adjusted relative risk,
1.21; 95% CI, 1.19-1.23).
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Abstract (continued)

CONCLUSIONS AND RELEVANCE In this cohort study of patients with advanced cancer, broad-
spectrum antibiotic use increased from 3 months to 2 weeks before death, suggesting that this may
be a key period for optimizing use and aligning care with patient goals.

JAMA Network Open. 2025;8(9):e2530980. doi:10.1001/jamanetworkopen.2025.30980

Introduction

Patients with advanced cancer frequently receive antibiotics owing to a heightened risk of bacterial
infections, which arises from functional decline, malnutrition, compromised host defenses,
immunosuppression related to the disease and its treatment, and the presence of various vascular
and drainage catheters.1,2 Physicians often prescribe antibiotics to alleviate inflammatory symptoms,
such as fever, and as a temporary intervention to manage infections associated with advanced cancer
in an attempt to prolong life.1,3 However, excessive antibiotic use in these patients may compromise
the quality of end-of-life care by causing adverse effects, such as nausea, diarrhea, and Clostridioides
difficile infection.4,5 In addition, intravenous administration of antibiotics may complicate the
transition to a comfortable home environment during the dying process.6,7 Moreover, the overuse of
broad-spectrum antibiotics contributes to the emergence of multidrug-resistant organisms, posing
a major public health concern.8

Given these concerns, careful consideration of antibiotic prescribing and use is essential in this
population. However, data on how broad-spectrum antibiotics are used across the end-of-life
trajectory in patients with advanced cancer remain limited, making it difficult to establish appropriate
clinical guidance. Understanding patterns of broad-spectrum antibiotics throughout the end-of-life
trajectory could guide the development of antimicrobial stewardship protocols aimed at minimizing
the adverse outcomes of excessive prescribing while ensuring alignment with patient goal-
concordant care.

Functional decline in patients with advanced cancer follows a predictable trajectory, with a
prolonged period of relative stability followed by a more-rapid deterioration in the last weeks of
life.9,10 This progression is usually associated with an increased symptom burden and frequent
hospitalizations, which, in turn, drives antibiotic use.11,12 Given the progressive nature of advanced
cancer, it is important to characterize how broad-spectrum antibiotic use varies across the different
phases of the disease trajectory. Therefore, this study aimed to analyze patterns of broad-spectrum
antibiotic use in patients with advanced cancer using a nationwide database.

Methods

Data Source
This nationwide, population-based, retrospective cohort study used the National Health Insurance
(NHIS) database of South Korea. The NHIS, a single-payer system managed by the South Korean
government, provides mandatory universal health insurance coverage to 97% of the population.13

The NHIS database systematically collects all claims for insured medical services, including
demographic information, diagnostic codes based on the International Statistical Classification of
Diseases and Related Health Problems, Tenth Revision (ICD-10), prescription drug records, and death
certificates for all enrolled citizens.14 In South Korea, antibiotics are strictly prescription-based, and
all antibiotic utilization data are recorded in the NHIS database. For patients with cancer, the NHIS
provides additional insurance coverage, requiring the assignment of a specific insurance code (V193)
upon diagnosis confirmation. This code is activated at the time of cancer diagnosis, is updated
periodically for patients receiving active treatment or follow-up care, and is deactivated 5 years after
diagnosis for those considered successfully treated.
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Ethical Statement
This study was approved by the institutional review board of Seoul National University Hospital. The
requirement for informed consent was waived because of the use of anonymized retrospective data,
which were routinely collected as part of the health insurance process and linked to mortality data
from the Korea National Statistical Office. This study followed the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) reporting guidelines for cohort studies.

Study Population
We initially screened adult patients aged 18 years or older who had used health care services
associated with a primary cancer diagnosis from 2002 to 2021. Eligible cancer types included lung,
liver, stomach, colorectal, pancreatic, prostate, gallbladder and biliary tract, breast, non-Hodgkin
lymphoma, leukemia, and multiple myeloma. A full list of corresponding ICD-10 codes is provided in
eTable 1 in Supplement 1. From this cohort, we included decedents whose specific cancer insurance
code (V193) was maintained from 1 year before death until the time of death. The included study
population was further classified by cancer type, considering only the primary diagnosis in patients
with multiple cancer types.

Study Outcome
We extracted antibiotic prescription data according to the World Health Organization’s Anatomical
Therapeutic Chemical classification system, specifically focusing on systemic antibacterial agents
categorized under the Anatomical Therapeutic Chemical J01 code.15 Among these, the broad-
spectrum antibiotics of interest in this study included antipseudomonal β-lactam agents (penicillins
and cephalosporins), carbapenems, and glycopeptides (eTable 2 in Supplement 1).

The duration of the end-of-life phase has been variably defined in the literature, ranging from 6
months before death to the last week.16 Accordingly, we categorized the end-of-life phase into the
following periods: T1 (6 months to 3 months before death), T2 (3 months to 1 month before death),
T3 (1 month to 2 weeks before death), T4 (2 weeks to 1 week before death), and T5 (1 week before
death until death). These nonuniform time intervals were chosen to reflect the accelerating decline in
clinical status that is commonly observed in patients with advanced cancer, particularly during the
final month of life.9 The analysis was conducted using 2 approaches: first, by assessing changes in
antibiotic use across each period, and second, by comparing these changes among cancer types,
using lung cancer, the most frequent primary cancer among decedents, as the reference.17

Antibiotic use was assessed using 2 complementary measures: the proportion of patients who
received antibiotics (prescription proportion) and the total amount of antibiotics administered
(consumption amount). The prescription proportion was defined as the percentage of inpatients and
outpatients who received at least 1 dose of antibiotics among all decedents. Antibiotic consumption
was measured as days of therapy (DOT) per 1000 patient-days. DOT was defined as the aggregate
number of days each patient received a specific broad-spectrum antibiotic, and the denominator
reflected the total number of patient-days of observation accumulated by all patients during the
assessment period, including both inpatient and outpatient days.18 The composite outcome was
defined according to both measures: the prescription proportion of patients receiving at least 1 class
of broad-spectrum antibiotics (antipseudomonal β-lactams, carbapenems, or glycopeptides) during
the specified period, and the corresponding total DOTs per 1000 patient-days for those antibiotics.

Statistical Analysis
Data extraction and analysis were conducted between September 2023 and August 2024.
Continuous variables are expressed as mean and SD, whereas categorical variables are expressed as
frequencies. Logistic regression was performed to calculate odds ratios (ORs) and 95% CIs for
antibiotic prescription proportion without adjustment for multiple comparisons. Although individual-
level covariates such as age, sex, and year of death were available, they were not included in the
analysis because the outcome was defined as the proportion of antibiotic prescriptions in each time
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period (T1-T5) relative to the total number of prescriptions over the entire observation period. This
aggregation made covariate adjustment methodologically infeasible. For antibiotic consumption
amount, Poisson regression was used to calculate adjusted relative risks (aRR) and 95% CI, adjusting
for the following variables in the base multivariable model: age, sex, household income status, and
Charlson Comorbidity Index score. All analyses, including OR, aRR, proportions, and DOT for each
of the time intervals (T1-T5), were calculated using the total cancer decedent cohort as the
reference denominator. No missing variables were present in the regression analyses, because
patients with missing baseline information were excluded. All statistical analyses were conducted
using SAS statistical software version 9.4 (SAS Institute), and 2-sided P < .05 was considered
statistically significant.

Results

Baseline Characteristics of the Study Population
We identified 515 366 decedents with cancer between 2002 and 2021. The mean (SD) age was 68.8
(11.7) years, and 347 327 patients (67.4%) were male (Table 1). A total of 377 254 patients (73.2%)
had at least 1 noncancer chronic condition in addition to cancer. Overall, solid tumors accounted for
the majority of primary cancers (483 405 patients [93.8%]), with lung cancer being the most
common (122 141 patients [23.7%]), followed by liver cancer (85 283 patients [16.6%]) and stomach
cancer (84 325 patients [16.4%]).

Table 1. Baseline Characteristics of the Study Population

Characteristics

Participants, No. (%)

P value
All
(N = 515 366)

Broad-spectrum
antibiotics nonuser
(n = 227 215)

Broad-spectrum
antibiotics user
(n = 288 151)

Age, mean (SD), y 68.8 (11.7) 69.8 (11.7) 68.0 (11.7) <.001

Sex

Male 347 327 (67.4) 151 432 (66.6) 195 895 (67.9)
<.001

Female 168 039 (32.6) 75 783 (33.4) 92 256 (32.1)

Household income

First quartile (lowest) 106 995 (20.8) 48 270 (21.3) 58 725 (20.4)

<.001

Second quartile 59 142 (11.5) 26 682 (11.7) 32 460 (11.3)

Third quartile 78 394 (15.2) 34 808 (15.3) 43 586 (15.1)

Fourth quartile 106 434 (20.7) 46 497 (20.5) 59 937 (20.8)

Fifth quartile (highest) 164 401 (31.8) 70 958 (31.2) 93 443 (32.4)

Charlson Comorbidity Index scorea

0-1 139 470 (27.0) 57 974 (25.5) 81 496 (28.3)

<.0012-3 141 012 (27.4) 64 349 (28.3) 76 663 (26.6)

≥ 4 234 884 (45.6) 104 892 (46.2) 129 992 (45.1)

Cancer type

Lung 122 141 (23.7) 46 103 (20.3) 76 038 (26.4)

<.001

Liver 85 283 (16.6) 43 517 (19.2) 41 766 (14.5)

Stomach 84 325 (16.4) 42 779 (18.8) 41 546 (14.4)

Colorectal 77 132 (15.0) 39 570 (17.4) 37 562 (13.0)

Pancreatic 32 716 (6.4) 14 035 (6.2) 18 681 (6.5)

Prostate 31 570 (6.1) 15 020 (6.6) 16 550 (5.7)

Gallbladder and biliary tract 28 061 (5.4) 10 435 (4.6) 17 626 (6.1)

Breast 22 177 (4.3) 9795 (4.3) 12 382 (4.3)

Non-Hodgkin lymphoma 13 105 (2.5) 2834 (1.2) 10 271 (3.6)

Leukemia 10 777 (2.0) 1263 (0.6) 9514 (3.3)

Multiple myeloma 8079 (1.6) 1864 (0.8) 6215 (2.2) a Excludes cancer status.
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Most patients (466 328 patients [90.5%]) received at least 1 systemic antibiotic during the last
6 months of life, and 288 151 patients (55.9%) received broad-spectrum antibiotics. The
demographic characteristics of patients who received broad-spectrum antibiotics were generally
similar to those who did not. However, compared with the nonuse group, patients in the broad-
spectrum antibiotic use group tended to be younger, were more likely to be male, and had lower
noncancer Charlson Comorbidity Index scores. Also, the broad-spectrum antibiotic use group
had a higher proportion of patients with lung cancer and hematologic cancers than the
nonuse group.

Patterns of Antibiotics Prescription Proportions
During the last 6 months of life, the proportion of patients receiving broad-spectrum antibiotics was
highest in the T2 period (144 920 patients [28.1%]), followed by a gradual decline to the T5 period
(68 564 patients [13.3%]) (Figure 1A). A similar pattern was observed across all classes of broad-
spectrum antibiotics (Figure 1B). In the T2 period, the most frequently prescribed class was
antipseudomonal penicillins (94 417 patients [18.3%]), followed by antipseudomonal cephalosporins
(48 830 patients [9.5%]), glycopeptides (43 000 patients [8.3%]), and carbapenems (20 333
patients [3.9%]).

Cancer type–specific likelihoods of broad-spectrum antibiotic exposure across time intervals are
summarized in Table 2 and eFigure 1 in Supplement 1. Compared with lung cancer as the reference,
patients with gallbladder and biliary tract cancer had a slightly higher likelihood of receiving broad-
spectrum antibiotics during the T1 to T2 period (crude OR at T1, 1.42 [95% CI, 1.38-1.46]; crude OR at
T2, 1.33 [95% CI, 1.30-1.37]). Patients with hematologic cancers (non-Hodgkin lymphoma, leukemia,
and multiple myeloma) showed consistently higher odds across all periods (eg, crude ORs for
leukemia of 3.92 [95% CI, 3.77-4.08] at T1 and 1.50 [95% CI, 1.43-1.58] at T5). In contrast, patients
with other solid tumors had consistently lower odds of receiving broad-spectrum antibiotics than
those with lung cancer from T3 to T5.

Patterns of Antibiotics Consumption Amount
Regarding broad-spectrum antibiotic consumption amount, DOTs peaked during the T3 period at
190.0 DOTs per 1000 patient-days, followed by a gradual decline to 77.4 DOTs per 1000 patient-days
(Figure 2A). A similar pattern was observed for other antibiotic types and individual classes of
broad-spectrum antibiotics (Figure 2B). During the T3 period, the most frequently administered class

Figure 1. Proportion of Patients Receiving Antibiotics During the Last 6 Months of Life
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and T5 (final week before death). B, Proportion of patients receiving each class of
broad-spectrum antibiotics across time periods.
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was antipseudomonal penicillins (74.2 DOTs per 1000 patient-days), followed by glycopeptides
(30.3 DOTs per 1000 patient-days), antipseudomonal cephalosporins (30.1 DOTs per 1000
patient-days), and carbapenems (14.6 DOTs per 1000 patient-days).

Cancer type–specific relative antibiotic consumption across time intervals is summarized in
Table 3 and eFigure 2 in Supplement 1. Compared with lung cancer as the reference, the relative
antibiotic consumption during the T1 to T2 period varied across solid tumors without a consistent
directional pattern. However, from T3 to T5, the relative antibiotic consumption was lower across all
solid cancer types. In contrast, hematologic cancers exhibited consistently higher antibiotic
consumption across all periods, with the most pronounced differences observed in patients with
leukemia (aRR at T1, 2.14 [95% CI, 2.12-2.15]; aRR at T5, 1.21 [95% CI, 1.19-1.23]).

Table 2. Relative Likelihood of Prescription Proportions by Cancer Type and Time Before Death

Cancer type

T1
(6 to 3 mo before death)

T2
(3 to 1 mo before death)

T3
(1 mo to 2 wk before death)

T4
(2 to 1 wk before death)

T5
(final week before death)

OR (95% CI)a P value OR (95% CI)a P value OR (95% CI)a P value OR (95% CI)a P value OR (95% CI)a P value

Lung 1 [Reference] NA 1 [Reference] NA 1 [Reference] NA 1 [Reference] NA 1 [Reference] NA

Liver 0.75 (0.74-0.77) <.001 0.75 (0.74-0.77) <.001 0.72 (0.70-0.74) <.001 0.72 (0.70-0.74) <.001 0.60 (0.58-0.61) <.001

Stomach 0.70 (0.69-0.72) <.001 0.77 (0.76-0.79) <.001 0.73 (0.71-0.74) <.001 0.70 (0.68-0.72) <.001 0.63 (0.61-0.64) <.001

Colorectal 0.72 (0.70-0.74) <.001 0.73 (0.71-0.74) <.001 0.70 (0.69-0.72) <.001 0.70 (0.68-0.72) <.001 0.65 (0.63-0.67) <.001

Pancreatic 0.99 (0.96-1.02) .54 1.01 (0.99-1.04) .41 0.92 (0.89-0.94) <.001 0.86 (0.83-0.89) <.001 0.66 (0.63-0.68) <.001

Prostate 0.73 (0.71-0.76) <.001 0.77 (0.75-0.79) <.001 0.77 (0.75-0.80) <.001 0.85 (0.81-0.88) <.001 0.86 (0.83-0.89) <.001

Gallbladder
and biliary
tract

1.42 (1.38-1.46) <.001 1.33 (1.30-1.37) <.001 1.05 (1.01-1.08) .005 0.88 (0.85-0.99) .004 0.72 (0.69-0.75) <.001

Breast 0.83 (0.80-0.87) <.001 0.86 (0.83-0.88) <.001 0.85 (0.81-0.88) <.001 0.88 (0.84-0.92) .005 0.80 (0.77-0.83) .001

Non-Hodgkin
lymphoma

2.53 (2.43-2.63) <.001 2.23 (2.15-2.31) <.001 1.59 (1.53-1.65) <.001 1.35 (1.29-1.42) <.001 1.14 (1.09-1.19) <.001

Leukemia 3.92 (3.77-4.08) <.001 3.22 (3.09-3.35) <.001 2.04 (1.96-2.13) <.001 1.55 (1.47-1.64) <.001 1.50 (1.43-1.58) <.001

Multiple
myeloma

1.85 (1.76-1.95) <.001 1.72 (1.64-1.80) <.001 1.43 (1.36-1.50) <.001 1.26 (1.18-1.34) <.001 1.27 (1.20-1.34) <.001

Abbreviations: NA, not applicable; OR, odds ratio.
a Crude ORs were calculated by logistic regression analysis.

Figure 2. Antibiotic Consumption Patient-Days During the Last 6 Months of Life
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Discussion

Using nationwide data from South Korea, this large cohort study examined broad-spectrum
antibiotic prescribing patterns during the last 6 months of life in patients with advanced cancer,
focusing on the proportion of patients receiving antibiotics and the overall antibiotic consumption
amount represented as DOT. Understanding these patterns is essential, as perceptions of the
definition and timing of the end-of-life trajectory in patients with advanced cancer can vary across
countries, cultures, and even among physicians.16 In this population, decisions regarding broad-
spectrum antibiotic use are particularly complex, requiring careful consideration of the clinical factors
and the emotional and ethical aspects.19 By identifying patterns in broad-spectrum antibiotic use
across different phases of the end-of-life trajectory, our study provides critical insights to help
optimize antimicrobial stewardship strategies in this vulnerable population.

The increase in the proportion of patients receiving broad-spectrum antibiotics during the T2
period and the peak in overall consumption during T3 may indicate the occurrence of a common
turning point among patients with advanced cancer between 3 months and 2 weeks before death.
These antibiotic use patterns were consistent across solid and hematologic cancers, as well as among
different types of solid tumors and across various classes of broad-spectrum antibiotics. This turning
point may be related to a general decline in functional status that typically begins around 3 months
before death in patients with advanced cancer.20,21 This functional deterioration can lead to more-
frequent hospitalizations and prolonged antibiotic treatment. In addition, disease progression may
induce a refractory inflammatory state, further contributing to the increased use of broad-spectrum
antibiotics.22 Although our study did not assess performance status using standardized tools such
as the Eastern Cooperative Oncology Group or Karnofsky scale, nor did it evaluate markers of disease
progression directly, a study by Marra et al23 reported a sharp increase in antibiotic use at the time
of hospice transfer. Although their study included patients dying from various chronic conditions, this
trend is consistent with the patterns observed in our cohort of patients with advanced cancer.

However, the reason for the discrepancy between the peak timing of antibiotic prescription
proportions and total consumption amount remains unclear. One possible explanation is
methodological: because prescription proportion reflects whether a patient received at least 1 dose
during a given period, longer intervals such as T2 (3 months to 1 month before death) naturally
increase the likelihood of capturing any use. In contrast, shorter intervals like T3 (1 month to 2 weeks)
may yield lower proportions, despite higher intensity. This time window association may partly
explain the higher prescription proportion in T2. In addition, the peak in antibiotic consumption at T3

Table 3. Relative Antibiotics Consumptions by Cancer Type and Time Before Death

Cancer type

T1
(6 to 3 mo before death)

T2
(3 to 1 mo before death)

T3
(1 mo to 2 wk before death)

T4
(2 to 1 wk before death)

T5
(final week before death)

aRR (95% CI)a P value aRR (95% CI)a P value aRR (95% CI)a P value aRR (95% CI)a P value aRR (95% CI)a P value
Lung 1 [Reference] NA 1 [Reference] NA 1 [Reference] NA 1 [Reference] NA 1 [Reference] NA

Liver 1.01 (1.01-1.02) <.001 0.98 (0.98-0.99) <.001 0.91 (0.90-0.91) <.001 0.88 (0.87-0.89) <.001 0.91 (0.90-0.91) <.001

Stomach 1.05 (1.05-1.06) <.001 1.02 (1.02-1.03) <.001 0.96 (0.95-0.96) <.001 0.93 (0.92-0.94) <.001 0.94 (0.92-0.95) <.001

Colorectal 1.09 (1.08-1.09) <.001 1.02 (1.01-1.02) <.001 0.94 (0.94-0.95) <.001 0.94 (0.93-0.95) <.001 0.96 (0.94-0.97) <.001

Pancreatic 0.94 (0.93-0.94) <.001 0.99 (0.98-0.99) <.001 0.94 (0.93-0.95) <.001 0.92 (0.90-0.93) <.001 0.94 (0.93-0.96) <.001

Prostate 1.19 (1.19-1.20) <.001 1.07 (1.06-1.08) <.001 0.98 (0.97-0.98) <.001 0.98 (0.97-0.99) .01 0.96 (0.94-0.98) <.001

Gallbladder and
biliary tract

1.13 (1.12-1.14) <.001 1.12 (1.12-1.13) <.001 0.97 (0.96-0.98) <.001 0.96 (0.95-0.98) <.001 0.97 (0.96-0.99) <.001

Breast 0.98 (0.97-0.98) <.001 0.97 (0.97-0.98) <.001 0.94 (0.93-0.95) <.001 0.96 (0.94-0.97) <.001 0.97 (0.95-0.99) .003

Non-Hodgkin
lymphoma

1.44 (1.43-1.45) <.001 1.39 (1.38-1.39) <.001 1.23 (1.21-1.23) <.001 1.14 (1.13-1.16) <.001 1.13 (1.11-1.15) .01

Leukemia 2.14 (2.12-2.15) <.001 1.88 (1.86-1.88) <.001 1.47 (1.45-1.48) <.001 1.35 (1.34-1.38) <.001 1.21 (1.19-1.23) <.001

Multiple myeloma 1.35 (1.34-1.36) <.001 1.33 (1.32-1.34) <.001 1.22 (1.21-1.23) <.001 1.13 (1.11-1.15) <.001 1.13 (1.11-1.15) <.001

Abbreviations: aRR, adjusted relative risk; NA, not applicable.
a aRRs were calculated by Poisson regression analysis adjusted for age, sex, household income, and Charlson Comorbidity Index score.
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likely reflects a shift in care intensity. Although fewer patients receive antibiotics during this period,
those who do are often hospitalized and receive prolonged courses, suggesting escalating clinical
deterioration and more-intensive care.24

Exposure of broad-spectrum antibiotic use varied across cancer types compared with lung
cancer, as demonstrated by the divergence of both prescription proportions and total consumption
amount. These variations may suggest that even among patients with advanced cancer, the
progression of illness and corresponding clinical responses can differ meaningfully by cancer type.
For instance, the higher likelihood of prescription observed in gall bladder and biliary tract cancer
during the T1 to T2 period may reflect earlier clinical deterioration or more proactive infection
control. These cancers often lead to obstructive cholangitis due to mass effect, which may prompt
earlier or more frequent antibiotic use, even in the earlier stages of the end-of-life trajectory.
Although the lower proportions and consumption observed in solid tumors during the T3 to T5
period may indicate a more conservative approach or earlier transition to comfort-oriented care,
hematologic cancers exhibited persistently high antibiotic consumption, likely reflecting the greater
degree of immunosuppression and continued need for infection management even in the final stages
of life.25

The emergence of untreatable multidrug-resistant organisms is an urgent global public health
concern, and antimicrobial stewardship remains one of the most effective strategies to address this
issue.26 Our study may offer important insights for stewardship efforts targeting patients with
advanced cancer in the end-of-life phase, suggesting a potential turning point when more deliberate
prescribing decisions could be considered. Although these findings highlight a window for targeted
stewardship interventions, we acknowledge that accurately predicting death within specific time
frames, such as 3 or 6 months, remains difficult in clinical practice. Therefore, time-based approaches
could be applied with flexibility and clinical judgment.27 Time-limited antibiotic trials, initiating
treatment with planned reassessment, offer a practical strategy to align use with patient goals and
clinical context across the disease course. Infectious disease physicians may play an essential role in
engaging patients in goals-of-care discussions to ensure that antibiotic treatments align with the
prognosis, goals, and priorities of patients who experience an incurable inflammatory course.19

Another important consideration alongside antimicrobial stewardship in this patient population
is palliative care, which can help align medical decisions with the values and goals of the patient. Early
palliative care has been shown in various studies to reduce the use of aggressive treatments and the
length of hospitalization.28-30 Our previous single-center study conducted in an acute care hospital
demonstrated that receiving in-hospital palliative care consultation was associated with significantly
lower broad-spectrum antibiotic use, particularly carbapenems.12,31 Also, patients who received
palliative care consultation may have been more likely to transition to hospice facilities rather than
remaining in acute care hospitals at the end of life, thereby reducing the likelihood of intensive
antibiotic treatment. Rather than emphasizing aggressive broad-spectrum antibiotic treatment,
palliative and hospice care prioritize minimizing suffering and maximizing the quality of life.

Limitations
Our study has certain limitations. First, although this study included decedents with a documented
cancer diagnosis and sustained cancer-specific insurance status (V193) until death, we could not
confirm that all deaths were directly attributable to cancer progression. Some patients may have died
from other chronic conditions or unrelated causes such as injuries or acute medical events,
particularly in the context of multimorbidity. Second, our study was based on the NHIS claims
database, which has inherent limitations in accurately capturing clinical diagnoses. The use of ICD-10
codes for identifying cancer types and associated conditions may lead to potential misclassification
or coding errors. Third, since only extractable baseline characteristics were included in the
adjustments, this analysis was limited by the inability to account for unmeasured confounders, such
as disease severity, care setting transitions over time, complex patient-related medical conditions,
and microbiologic data, all of which may affect antibiotic prescribing patterns. Whether antibiotic use
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was intended to treat a confirmed infection to prolong life or empirically to relieve infection-
mediated or cancer-mediated inflammation-induced symptoms was unclear. Therefore, we are
unable to provide recommendations on the extent to which broad-spectrum antibiotic use should be
reduced. Fourth, this study was conducted using data from South Korea, and the findings may not
be broadly applicable to other health care systems or global populations.

Conclusions

Our large cohort study provides substantial evidence that patients with cancer at the end of life are
exposed to high levels of broad-spectrum antibiotic treatment from 3 months to 2 weeks before
death. Future studies are needed to identify optimal targets during the end-of-life period for
achieving synergy between antimicrobial stewardship programs and hospice or palliative care teams.
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